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A widespread and, unfortunately, an eIronxeous belief is that the population
problem is now less seriou, .than it was ten.years ago. This belief has been 
encouraged by.articles in the lay and the popular press that purport to show
that the large nuhber of births occurring in the decade of the sixties didnot 
occur also in the decade of the seventies. While, it is true that population
growth during the past decade did not increase as rapidly as demographic
projections in the early sixties predicted, the rate of increase was, and still is,
sufficiently high to double the world's populatiop to eight billion or more by
de middle of the nextcontury; if'notsooner.:Indeed, ttlecuir'6t Situii6i'
of continually expanding population growth is perhaps even more critical in
1980 than it was in 1970, for there exists a huge number of children 'born 
during the pasL- efAnty.yL-ars who are now entering their repr6ductive years,
and during the 1O8U0"this bulge of reproductive age women and men will 

-,	continue to increase. Estimates of the total number of women at risk of preg
nanty on a worldwide basis have increased from about 50 million in 1971 
to over 600 million in 1979. Generally, only about 20% to 25% of these 
women and their partners use some form of recognized fertility control.

]here are many constrIints, both real and imagined, that prevent effective 
family planning programs. Significant among these constraints, are the in
adequacies and, nonacceptability of presently available methods of fertility
regulation. The existing methods have significant limitations with respect to
the development of side effects and long-term safety concerns Other major
limitations include the reliance on medical delivery systems, actual use-effi
cacy of a method,' and the ever-imnportanIit costs to the'consumer as well as to 
a family planning program. These limitations have severely curtailed the _ widespreadavailability and use of all presently existing.pmethods. Exten sive 
differences ili cultural, religious, and personal attitudes, health status, and
socioeconomic Situations absolutely 'necessitate as wide a range 'offertility
control 4 ethods as is technologically possibie. These methods must be per
sonally and culturally acceptable, convenient to use, safe, inexpensive easy
to dctribute and store, and they must accommodate a variety of changing
life situations, inthe same couple as the partners progress through their re
productive years.

Recognizing tie profound and beneficial impact of contraceptive techno
logical advances in the success of family planning programs, the Agency for
International Developmient (AID) has, theover past ten years or so, sup
ported a variety of research programs with the objective of improving the 
technology of fertility control. One of these programs is the Program for
Applied Research on Fertility Regulation (PARFR), which was established in 
1972 at the University of Minnesota with the financial and technical assistance 
of AID. In 1975, PARFR moved to its present location at the downtown 
Chicago campus of Northwestern University. The primary objective of PARFR 
is to provide financial, technical, and scientific assistance to both United States 
and foreign institutions for applied research with the goal of developing safe,

~' effective, and acceptable methods of fertility regulation for both, 	 men and 
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women. Since the inception of'PARFR. approximately 150 innovative projectshave been suppirted at some 100 institutions in many developed and developing tountries. I)espite many administrative and research constraints andobstacles, PARFR has been responsible fir the development of a significantnumber of primising new or impro,-ed fertility regulation methodologies for 
men and womeji.

As ome of its itmtlj(r o) jectives, PARFR revicws and disseminates the findingsof applied resear((1 ii the field of fertility regulation. Tlhis o)jective is accomplished through a variet vtofif mechanisms, including PARFR workshops. Thepresent workshop is iie niith in a series of PARFR workshops bringingtogether :pcientists, ph vsi ias, and international family planning experts toconsider sigiuificant and timel, issues in the field of fertility regulation. Earliercorifecrerites I'M lsqff on ilie ftllowing topics: H vsteroscopic Sterilization; ContrIol of Male Fertility; Advances in Feiiiale Sterilization Tech niq ties; Risks,Beifilts, a nd (:o tr(oversies in Fertilirv Control; Reversal of Steriii.,ation:I'regiiaricv l riitnation : Pro(edures, Safety, and New l)evelopments; Vagirial (Contria(epmon: New l)cvelopients; atid Research Frontiers in FertilityRegulation. PARFR also supported a workshop sponsored by the National(\(ameti of St icn(es/l nstitlut( of Laboratory Animal Resources, on AnimalMode(s fir Resca(cht oi Contra ceplion and Fertility. Proceedings of theseworkshops havc been published as the PARFR Series on Fertility Regulation.Il e intent of these wo,,kshi;ps is to inform PARFR and otlier interested,igel t<es anill 1stiltitis of itlvalwes in various methods of' fertility regulaloin. Ilhe , rkslop., also provide a foitun for technical review of new ap
pr<io Ies il ,,r(et t(p goiani I) PARFR, All), and other agenciestlt Ile (litc( tiln of it ciesc.tll( I.(d it We believe that these workshops have pr mvil'd at miost \ ttiable Ihtim tlo in bringing scientific thinking ill) to date 
"If <'athi fi ll(.se tluted (opi(S.


FoIr iewpast fie eals there has been 
a ('otinlial increase of' scientific andpiibli( itItrCst il tIle Imtetidl of' 11 IR I agomisls aid antagonists as reversible 
{lit (hitis o'm b11(11 womlel and utlti. Ill fac-t, arlices iit tie lay press|Il ais its11(. Ierwaldcil th s. Stulslalt.cs its fle first "Inisex"' contraceptive,
,f ii,, mlm, att ib's havc plicflitel thai the new (oit raceptives soon willbe.( ,~|l. 'litlttiIv aailable. As with (tIler recent technxological advaInces,cxhie ranti(mioitell or'.fion reality, aind there is little or no public recognitii (f tlw IIct hidoits <fho'tI still reluired even to establish the cmtraceptiveIvasililit. ,iI tesu pepltites let alone to levelo)p them into effective and safe 

1)111tt c11111t i( 1]fpt'odn ts lot' the, regrlalion (f human feitility..,ligkl . l'.\RFR oirgaried a workshop that inNS 
was field ill Chicago 

. II , :id uI iteil 7(0 st i tInis|, ;iid researchers it this exciting new field
t) Itlpmnt tlI'I firitings and ilescill. their work in progress. The objectives,f tI w<I ksIiop we\e iproi(leto nit overview of curieit research, 

efTorts andt il ((late tlit- p tllial 1se oft these LI IRI peptides as female and male

(ntitepti e ,. I li piroeedings of 
 this three-day mneeting, presented here,it hule ihe fotrial pImpels and snimrlies tif dis:ussion sessions. Of specialinterest a ite I tit, ) trielldistussions at tile end (f the volume, which address%hal isInee(ed for lhe fit herh.development (f I.I IRI-I atnalogs is contracep
tic ;t.Igells ft worell ill d Imen. 

Gerald 1. Zatuchni, m.i)., M.SC. 

http:Stulslalt.cs
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1 
Pharmacology of LHRH and Analogs 

JOHN M. STEWART 

'File last decade has seen tremendous advances in our understanding of thecontrol mechanisms that regulate reproduction and sexual function in animals. With this increased knowledge comes the ability to enhance or inhibit 
fertility with concomitant new possibilities for contraceptive development.. he most important development in this area has been the discovery of thestruictui'e of tt ei ii .iig hormone releasing hormone (LHRI-I). This is the
hypot halanIic peptide that stimul ates the release of luteinizing hormone andfollicle-stiznulating harmone (FS11) foin the anterior pituitary.

Since the structure of LI.11RI was fou 1 to be a decapeptide, chemists couldreadily svitlesize this material in large quantities for physiologic and phar
niacologic sludies. Insubsequent years, prograziis of research have led to thesynthesis Of verv poten t agon ist and atagonist analogs of LHRH and their
application to regulation Ot fertility and reproductive endocrine functions.loday (lilhical use of these peptides is already a reality, and preliminary
st(d1ies tilnder way may sooni lead to wide-scale development and use of drugs
based on I.IRt. 

CHEMISTRY OF LHRH 

Tile structure of 1.II R1t, as determined in the laboratories of Schally 7andOf, GuiIlhi, in' from porcine aii(l ovine hypothalamic tissues, respectively, isthat of the decapeptide <(;lu-1 is-TIr-Ser-Tyr-(;ly-Leu-Arg-ProGlyNH.
(Fig. I- 1). This structure is common to all mammalian species that have beeni,,vestigated. ()wing to the availability of the rapid and elegant solid-phase
method of'peptide synthesis ittroduced by Merrificid, 1'2 

1 synthesis of thispeptide was accom)lished rapidly in seveial laboratories.1"6.2.2,, The ofauto)ifatic instruments 
use 

for sol id-phase peptide synthesis, benzhydrylamine
resins for synthesis of peptide amides,23 and rapid methods of peptide pu
rification (such as countercturrent (list ribution and high-perfOrmance liquidchrlmatoggraphy) have made the synthesis of peptides related to LHRH arelatively easy task and have provided large quantities of these materials forstudy. At present, more than a thousand analogs of' LHRH have been syn
thesized and evaluated biologically.

Essential to accurate regulation of the circulating levels of any hormone are mechanisms for rapid inactivation of the n,olecule. .'t first inspection the 

2 



Pharmacology of LHRH and 1 nalogs / 3 

1. LHRH: Glu-His-Trp-Ser-Tyr.Gly.Leu.Arg.ProGly.NH 
2 

2. Super Agonist Glu.His.Trp.Se,.Tyr-D.Trp.Leu.Arg.Pro-JH.C
2 H. 

3. Potent Antagor;ist AcetyI-Al..D.CIF.D.Trp.Ser.Tyr.DoTrp.Leu.Arg.Pro.Gly.NH 
2 

Fig. I-1. S!rituicsf 1.1IJR! and pmnt'ii analogs. (D-CIF = I.p-chloroplhenvl

1AIR1t inilctilh appciii-, to be desigined for long life-since ithas tile pyro
gltitaitni t-csitiuc blNoking the amino end of tile niolectile to protect it frolm
(egradtation by,anilopCptidases and the amicle function to prolect Aie (;it
lox I o tiI,peptide f rt degradatiol bycul)<bxvpeltiltses Inactulaitv, 
1.11RII Ihas oin]\ a short hatlf-lif'e. "atlt 

It %%;Islcariiied eail thatt, the primary site of itlactivatiol of IHRII is at the
(;h"-Ii; ho)n(, which is lbioken I,', alrain elimvie. 12 . A suibsiliarv site o!'
iaIt, jiliti, end, where the glyciiearde residtue is relmo)vedii s,at the catboxvl 

han II'', ic \%hil also ilnactivates oxvt~ocitl and vasopressin. Peptide syn
thti( ilni.,ts rotitiIeflv insert )-amirnuo acids into the m11olecules of' pe p llde
 
io t IIoIs ita, cilbit Itoblock enz,,niatic degradation. in the case of L IRI I,

1tI)-mIlillo t(d is;i(t titi~ile inI 
 position 6 without tre(tction of potncl..IN' ()I
iiilI hIiiinc. atILt. potnc'v is niarkedciln, enhanced, owing to prl ectiioin 
114)[t dc rtlatim.i''" :\t present, Al tie pottnt agonist and antrgonist ainilligs


oIi 1.1IRII Ii~rs i A I)-ar l i ,tilili) aciOld 11 t1'., position.

i I)-for
lFix hiia ;I Da Ill .-anrino acid, partt<:ularlv illthe (enlt(r o' il(

jietii h iolco il(,( i, -ake',t large ( Iaige ill the range of c(()InfttttiorI il )]ossililiti., ivjililhl to tlie tnhctul.: this c;hange tusuially has a great eflfctl ()n
tlt' wA, tli.lIrItiotle interatts with itsre(eptors. (ifall tl( airino acids.
 
qlM ni., Iairig noi Side ( hiailt, isnot optically active and catlassilic a psetulo
1)or Jlil-ih-l. 11!ibIrlatio n inpeptides. l'ithe case of .I1IRII. the peptile

tidtitiitllv bindsi,) lpti ,]
ti r with tile glycine residtie ii tie )scttd(o-I) ((it
lforriiatioII, sit a acid isa(cceptable at this p)sition. 'his isbv III,)-amino 

in(.,ilp,iriiveisal, lUite illpeptitie hiorimiones. The only other 'lstalice 
il ,'h
 

, I)- aci
Si)Sti i tilio t i tn ini d f rgl ('in e is cceptabi e and .nli niaces li)re i(t' 
is initl ,nkplhaiti ptptides. Iii other case,, insertion offat )-amino aci(
(rle rses iolteli y fiasti illv. Ii peptide hormones, tile sniall gl\citic residte
atpmlrciitly iisiaIlly.Slv'rs pirinaril as i "spacer" to hlr(d the II<otct iritportant
'11tii(i ai1 side di ains ill the propel spatial relationship for interaction with

rle(eptor-bii iig sites. This appears to be tite case with I.RI--, since the 
t ritial siltcs lor rce)t<lr Ilite'tactii are neatr both ends of thie peptidehain.
Ill;udbition, ttire does not appear to Ibe a testrit(jiii in the spacte available 
to tlhe peplidt, at hits siltewhtn it (otnlines with receptors. Atino)acids withlarg. ihulkv si' (it;rins and cien p(llirers (attached tl he side chati s if
Ivsit'e or i.ulli lid resities) (all I)e plactd ill psition 6 of'111 RI\I with 

A iitt1ItlIo(Ii(atio of< tfic carrboxv eii of IR1110-1 wls introhoicti b\
Iltjino. who shi()we(f that re_,m<oval of' the glycitre and termination ()fthe pep

t tie prolitie residue with an ethvlanide (Fig. I -I) greatly enhanced tie 
Illiwtt\ of 1.1IRI I ,igonists.' Yet, this Ilrodificationi does not appear to ell

http:Glu-His-Trp-Ser-Tyr.Gly.Leu.Arg.ProGly.NH
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hdilit'c IIIt' [lcii off IAIRI I anitaghonistIs. :\I picst'iii. Own'i. pimelit LFHRH 

il 4)4st D ilr mnIit1l( Ivsl il 1 JI I iIiit si i i I~ Fliem moii fi ati oni~ 

Vve sfit!)- i Iiiiii isilswa hit( even
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treated with estrogen and progesterone..2 
1 Antagonists can be examined in

this system bv injection of a mixture of the presumed antagonist with LIHR H 
or a suitable superai'orinst. 

To further contraceptive development, inhibition of endogenous LIIRII
functioa in an intact normal animal should be studied. The most widely used 
assa has been inhibition of ovulation in the not mally cycling rat. 7 Fnemale 
rats mattitaincd on1a fixed light schedule ovulate every fourth day. At ap
proximately 2 p.m. on the day of proestrus, a burst (of L!-iRti is releasedfrom the hlvpothaltmu s, followcd by the preovulatory surge of I i and FSH 
at about 5 to 6 p.n. Ovulation occurs about midnight. The next day the
animals are killed and examined f-r the presence of shed ova bY flushing the
tubes aid tlte,"is and Counting the ova that are present. If an adequate dose
of a potent I-IRII antagonist is injected at noon on the day of' proestrus,
ovulation will be inhibited. Since the potent antagonists are generally insol
uble it- viater, these ptptides are often administered in corn oil solution or
Sispet. .on; this may actually improve the response by prolonging the release 
of pep'ide froi the oil depot. When assayed in this way, com01pound 3 inFigure 1-1 shn .,'s an II1,,)of approximately 5 I g peptide per rat. Inhibitors 
with potcy of this order of magnitude may already be useftl fOr tnaMIy 
purposes, althbough doses required for inhibition oi human ovulation nay
still be prohibitively Itrge. 

ROLES OF LHRH IN THE ENDOCR;NOLOGY OF REPRODUCTION 

Successful outcone Of' the reproduction process requires precise interdigi
tation and interact ion of 1he various links in a long chain of events. These 
events ake place in ;it least five distinct loci in the body: 

1. Higher brain cetters 
2. .ypoth.ust 
3. Ante;i<or pit uiniiy 
4. (onadal steroidogeiic cells 
5. (;onad gametogeni( cells. 

Correct funitioriing of e!ach of these steps depends absolutely upon the pres
eace of the appropriate stimulus from the organs involved in the preceding
steps, with oerall cotrol of the system being regulated by complex positive
and ntgat ve fcdc back michanlists. 

Table I-I lists the steps leading to the production of ova and sperm, ahong
withi a sutiniary oI what is known about the nature )f the messengers pro
duced at cadc step an I the tne(hanisms by which production of these mes
sengers is reguslatco. It is apparetn that 1.1-IRI-I is the actor at thlie focal point
it. the(ontrol chiin. As far ;is is known, 1.11RH is the sole---or at least prin
cipal-stitnulatory sub:iamle produced by the hypothalamus, and is the
unique!v adequate stimul us for gonadotropin release from the anterior pi
tuitary. All of the otber steps in the chain involve multiple messengers at each 
step. 
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TABLE 1-1. Control of Reproduction 

LOCUS 
MESSENGER 
PRODUCED 

PRODUCTION 
STIMULANT 

PRODUCTION 
INHIBITOR 

Higher brain centers Norepinephrire Estrogen Estrogen 

Pineal 
Hypothalamus 

Dopamine 
Endorphir", 
Melatonin 
LHRH 

Other factors 

Darkness 
Norepinephrine 

ACTH (?) 
Other factors 
Light 
Endorphins 

Progesterone Melatonin 
Estrogen Estrogen, androgen 

Aiterior pituitary LH, FSH LHRH 
Dopamine, serotonin 
Estrogen, androgen 

FSH FSHRH (?) Inhibin 

Gonads 
Estrogon, androgen 

Steroidogenic cells Estrogen FSH LHRH (?) 
Androgen LH 
Progesterone' 

Gametogenic cells Ova Estrogen 
Sperm Androgen 

*In corpus luteum. 

[he hypothalanius serves as an integration point for the vaiotus factors
that regulate rel ),(iuction. The higher brain centers impose both circa(Iian
and ultradiali rhyithils upon the hypothalandic secretion of LIHRII.

"Thepineal gland appears to be a iajor regulator of the circadian 1h vthio)f ertd cciiw tegt lliton, although the exact iechaiusms involved are poorly
uti'erstood . A fsfar as is known, fhe plrincipal regulatory substance ploduced
by lie pitieal gland is nielatoni ii, which is svnt lhcsized from serotonill by a
serics of reacrtis that are regtilated byv light iFig. 1-2). In some lower species
tle pineal gland itself ap)pears to Conltaill the light-sensing lleialnIsm, but it]
nialutials the eve serves as the light sensor. 
Tht pineal is iiilervated by nerve fibers from a bIranch of the optic nerve,

which synapse ill tlie superior cervical gaiglioli. These fibers release norepi
flepllrine (NE) at their terminals in tie piineal. The level of NE rises in thedark .,,1d falls (uri-ing light lioizs. The released NE acts tponi P3-receptors to
increase ilie level of cvclic A NP,which thein stiintulates tile svnthests of sero
toill a 1cvI tihe elizvtlie that catalvtes tlie filst step ii the contralisferase, 
Verstoil Of, sCltotliti to melatollili. Thc seconmd eizvie, hydirox'indole0-iet IihvI trans[erase, may also be inlfluenced 1y sil.iiar mechan isnis. Thus
th. amotut of tuelatronin produced in the dark incritases iii;.rkedlv and ap
peat s to exert itseffect mainly Iw inhibitinlg hypothalamic fr;nctioll. It is notclear whet her tiis effect oi tile hvpothalamius mayN involve liortuoties other
thanI1..10RI-. This physical- neu ronll-biocheillical-h ifmoral chain may explain,
at i situpl istic level, the fact that female rats pl,,ced in constant light remain
in conrstallt est rus, that male tats in cotistait darkness perform poorly sex
tnal'.l arid that blind miie frequently aire inpotent. 
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tryntophan 

I hydroxylase; decarboxylase 

serotonin
 
(S Alydroxy tryptamine)
 

I acetyl transferase 

N-acetyl serotonin 

I hydroxyindole .3-methyltransferase 

melatonin 
(N-acetyl-O-methyl serotonin) 

FIG. 1-2. Synthesis of melatonin in the pineal gland. 

Additional innervation of the pineal gland by fibers originating in the habenula has been described recently. This provides a connection of the pinealwith the linmbic system and may explain the effects of emotional factors upon
sexual func(don. '[he pineal body also contains large amounts of ItLHRH.isnot clear whether I1I RII is produced in the pineal or whether it is deliveredthere by axonal transport from LIlRiH neurons in the hlv pothalanmus. LI-IRI-I serves as a potent stimululs for mating behavior in rodents,22 this effect mtlikely being iediated via the septuoi or amygdala, : other !iml)ic brain centers
known to be inti mately inVolv'ed in sexual behavior.

Light and darkness are by no means the only factors that affect I11-Irelease through the action of' higher brain centers. Sleep is known to have aprofound effect on LI-I levels. LII appears to be secreted primarily duringperiods of slow wave sleep (deep sleep). This is particularly striking atonset of pulberty, when large sleep-associated surges of LII 
the 

occur and evidently play an important role in initiating the processes that lead to sexual 
niaturitv.0 

Recent interest in oplioid pel)tides inthe brain has led to some iasight intothe mechanisms whereby opiates affect sexual functioning. It has long beenknown that drug addicts show depressed sexual function, although it has notbeen (lear that this was not solely a behavioral effect. Recently, however, ithas been shown that opiates and opioid peptides do in fact cause decreasedsecretion of LI-IRIiand consequently lowered levels of circulating sex steriods.' Low doses of opiates or opioid peptides inhibited mating behavior innormally active male rats, and the morphine antagonist naloxote stimnulated
mating behavior in normally inactive male rats. " Furthermore, there is a significant release of enkephalin f'rom the hypothalam us just bef'ore the peak of'
LHRHI release on the day of proestrus in rats.ti Apparently enkephalin inhibits LHRH release, and when the enkephalin level falls precipitously on
the day of proestrus LHiRI is released. " ' 
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role of the goinadal LIR1l receptors isnot clear. Further information appearsin later chapters. Much additional research is required to clarify the interactions between illthe different actors in the complex play of' reproduction. 

MEDICAL APPLICATIONS OF LHRH AGONISTS AND
 
ANTAGONISTS
 

Developuitent of a new contraceptive based oti LIIHRI] was a major goal ofrelproductlioll rescarchers even before the hormone was characterized andsynthesiied in 1971. As soon as tlie key for synthesis of antagonists was dis0,Ivred, a large effort was directed loward Increasing the potency of suchantagonists. As mentioned, antagonists that may be potent enough to provideuseful c(otraceptive (rugs a ailablare but there is ti,! alequate information on rclative potency ,,fthe best IlIR ] antagonists in humans. EarlyStu(lics rep,, tI by Schallv have been disalJpointing, although they were notdont. with antagonists having the potency available today. The search forMore pitlel alitagonists is o,,ltli)uig in several laboratories.
)uring the entire (letadc of I.lf RI- research, some pessimistic researchershave insisted Ihtt an acceplable contraceptive based oi I.AlR] could not be6cvelopcd, sice such a pplidc(ldrug would require not onrly administrationby itijectioti but prccisc timing of its administration. Ihese t bjections have

beci largel, overcollic. Satisfactorilh therapeutic levels ofand antagonists (,abe achieved by routes other thati iliectiot. 
L1IRIt agonists

Such peptidesare Cffectlive: whcn administered int-ats-fh., althhogh iiuch larger (loses areIe(tilred than whii a(Ilninistcreld by injection. This decreased efficacy was 
I),lijitive with low-potencv aiiaogs. Effcctive cliniical work is now beingdomc wili .1MIRII analogs In iltr:itasal administration. If ongoing research 
PvIMIidcs new amalogs having greatlv itcrcased p<ttc'N,, intritsal adtiinistration shold bc eintiicttlv practical. Sincc muic of tile enhanced potencyof 1.11 Rl f ;talohgs is (lileto imcorpm,,tion into the peptides of features thatmake tliem, tesist.t to degradation I)%en vmics, le problem of precise tiniing of peptid admintnistIation also becotncs less serious. Sustained effective-
Iess can bc achicvcd il hunans witi single daily applications of' potent
agoltiSts or a11l1gitllists.
 

l.tlRI Icseauh to(k its Mtost stirprising trni with the discovery of the
 
profouniii itio I l
pioduced by stustained administratioti of potent LIIRHagormits. Sinc the agomists availablc at that timc appeared to have greater
tet ytcvy lt- atagonists, they were
tat itttucdiatclh exploited as potetnial ,,tn raccpti ivcs. In the male, these I.IRII stiperagoists have proved tobe alsl toi, elffcclive, and aipparetttlv lequire soiie additional modification
in aiifIIIIstratjiMI. At the same time, additional research into the effects ofchriomic administratioit of potent 111RII atagonists is nccessary. 1 he antag(Mists tii\aalso produce effective down-rcgulation of LI IRH receptors; if that 
prvcs t<,bc tle case, they miiay nlt imat clh' be more satisfactorv thanagouists. lhe side-cfis .tccolii)anyivig thcprolotigcd treattnent wvith either
(lass of pcptidcs arct as yet tinkiown. 

It addition to their tse.as potential new contraceptives, the LHRH analogsarc proving vaaluable itt other huniai disorders. When administered by ap
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propriate routines, I-HRuf sulperagonmits have proved to be effective in bth
males and femalis for Inducing fertility in subfertile individuals. The use of
IIRI! sUpe,,gottists to reverse the uIldesirable features of precocious pu

bcrv in childref- of fet promise for alleviating not only the physical but also
the psvihological problems involved. Indeed, IIRHIresearch stands at the 
th-eshl id of 	a new era of re~earch in reproduction. 
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Because of the antiicipated plhyNsiologic rlte and3( imp1ortance of' the (lecapeptide G;i1k0 I ill theill 1o~l ol *ej-piotti13 c Vilictriouis, %%it h poiblhie applicationis 

of alil3Iogs (dI tisj 1W1)3idel~c),ItlI) 11,3(1t allot Iett(I in v'dn, and(I i ivo fo0r 
agoillst a133( ai3tagolIis1 af 11\133\. 

lT%() dlusscs (of .333.3Iots im~. (( itctld cht)((d ilJlsts. w'Iidit(. equa.l t(o
olr sever al hiui11ilred liluit"s uu1110 11,eu hl313l(.iRl I itself, orl aitagolIis..\g-
031P.!5 ;11,(, )3)(1tpi(Is %ilhIll(- fo(mili~g fc,11113es: 

'1. -eilim acIid'"',fafl pi~)s l((( a1)1(13l atld hydrophobic), 

it. S3,tinli/ingL aI p ic(itti- b)(kb)031 (mi3ltII3(amttl

1). l.Xjnillig 1Il\(1311)110Ii( 
 31101(I' (apjaluof(I' ii1crat-Ilig and( b~ind1ing

%%it11jlI t Il~lhimIbji rcct Jlt) p)(Iskti poibtIly thiiotiltl IT-T infler-

Ther. al133i14(lhis 1;1\( lltodfit(;33031 imlvttviig Iil( three N-teiiiiiual ainio
acids, . Stlliig ill 0J(Milpomis hia~ilig 03orll~dno 131tirlsic iIivily andu
hlign bliilng a11linii6. 

Steppnllg StrICS1( ill tile (lcktllJpntt'13 oIf "11(l) '1lI1a~gst sI were tile Sythesis
of (1(5-I Iiv--( 31l, td exerttilt, hist .3lalo to e dc1(311 111c to) iiihiiiory 

Dessmnntk. Yaiti I Lis mid tki K M (Clitt, is graicitilit%a knowvdged. Rcscatdhpotie-d itl ptii b) NI Giats 
was siip)-

AM\ 201917, AM! 267-11, 111) 096590, 111) 13527, Ntll-I-2821,ilt( Roo ke~lki Fouiluit, le I txas-siiik Itislillitc Fodtion~~jI. alid dwi Mal'tIt oftilies -

Resteaidtt. (aIi'oijt Di~jvjion. Iths. C. Ri~ijjt j. ivic! and1 W. \alc aile (.Idvhtl Iuttidlitiol 

13 
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activitv. This was fol iwed by the synthesis of' I)-Ala 2 ]-(;nRI, a weak ,aa 

onist,'1 arid f[)-lIr'e)J-(;rrRl l2 which is about rtiree r iC iteass pMtir a( IeS.,
His2-(nRIL. Substitution of'Trp b,, D-Trp' was shown bv Coy and associatcs ' 
to be more effective in an antiovu latorv test. [)- p( IIt,,,h-e I)-TIrp ].
(IIP.-l was later shown to )be Jong-acting and to ihillibit ovulation in the rt 
at a single (lose of 2501 + Intrioduction of pCli)-l'he atg..g" position 2 in c )t
Ijttt(ti t with arl trlatic 1)-amino acid at positions 1,3, and 6 [Ac-l-
Ple ,p)( :lI)- ! hte ' , )-1 r V''i-( niRl I was fou1nd to be even Imorc polent (I1)
inhibition ()If ovittiolli a .10 to 6) pg per rmia).

Re( eiilv. we report-d oilthe Syitihesis (i aand biolo gic ev;iiUat oll aIseries 
of*(;ilRz I ;anagoiists that were designed to test ile,appliaibilitv ofthie iainual 
int'ith1d oif lopliss to the general Hlansch approach." : sei.s of (inRH 
ag miists ,.,wasalso synliesieed in order to test this ilerhod.
 
'IIi riltio lai for this aipproach was )ased oiltwo ohservatiolis:
 

I. :Ant ilpl.letit (orteitioll between biological )ot(c/lwy of' (;RtI I stipenirgo
tltsts (oillilig i )- aromltic alilio acid at J)(osilioii i.with liten o-leall 
lv(ro)pllb i (iharactr ismteasitred vbytheir behavitr (llt lhight pressure 
liqid ( tiorolttogtapiv (1l1l1;) at phy'siologicil pHt. 

2. 1 lie failte o!simrrilar experiiterits to coltelat irt",cite s of ihmllogois
Stites of (GriRl1i1iagorliists. The iriplicationt is that tie receptor tquire
iicitls mior billdilg lliiav Ile scletive ittit Ioidalliol wayrrcogriitiol ,1t1cf 
(Iv r lopiiitv. lomali/lvd electironic denisiti of stibstitlitits, aind steric ef
fc is). 

I icst. Iesiltls led ts lobellieve that ire potent analogs could be obtalitld by

istsetiti(,i ai toachi (o 1)itinhite these patllieters.
 
A iS cititill allid well-understood wa of alterinig tile eh crlottic ail lipo

pliili proptlies of art active cheitical specics i, tillipi
to illate siibstitileits 
(l atiinl liRt rinig. lopliss olfferedl an efficietl sollitiori to Ihc pilollei of 
IJ)tlitili/il sibstiittioil.-( 'Vltar lie cIIlle(I a ililtial trIeto for lheapplvirig
laiiti irpproadli to drug design is tdecisio-iiiakili t!( that take.s inlo 
mtlsiietlatilt t.ecsseiltial piatittlieters tiiost (oIrllltIIi foullnid iii I ;isch-tvpe 

(nM C1 tiS.t'll 
iIlis cIihrajiter repl'orts tie latest results Itt i(e dle\(ploljitll f agolist ail 

;tilimls (iRI I alillo(gs. ()itr effrts haveitelied iot olvrllr l'opliss' %vs-
IeWtilit
:rihpprothi, bitt also (lit working h'potheses-suhi ;istlros' of ()i*iti 
aii Valt--lt;I leIil to ar strie(s of cyclic (rnRll pCptid s etulmwed with sig
rrifl ill ,goilis( alidllaioll listi- activilies. 

EXPERIMENTAL PROCEDURES 

1).I.-lret'lilal~trie ;analogs atnd 3(2 Naphthvh) 1), I.-alatiiite weie latzde ac
otdlig tI ar and eituiatical' resolved accordingIhr ald (o-workers 8 

to 
Turk aind i-workets. "'Ileptide iiilides werte syntliesized usinig a Iert/hydryl
aIIiiiitCresii.2- IcItltidc etlthiarnioles a cltlororietlivlatedwere syitlliesilzed ()li
resill followed I)y attllilioloh'sis itt redistilled tntono\etlylaillide overnight at 
Ito. were for(I ite ot-ailliilo ftirllctiolrs, tosvl fbt tlhertectitig grotips t-Boc 

itriila/(lt. arld guiiillidiite finlctiotls, betityl ether 'Orstinte, anld 2',6-di(hlo
tolueti l o IIlie pltliolic hy'droxyl of itrosilie.. Crude,plptides obtallied after 
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HF cleavage were fdefirst puit t CMC (lincar gradient 0.05 --- NH 4, 0.25 \f
OAc pH 6.5 in lI,()/Me()r: I/1I followed by partition chromatography oil 
Sephadex G-25F. 
Two system s were used: buitm d, (tctit a. id, water (4t:1:5) for the agonists,

and n-butanol, !.I N acet';c acid (1:1), tor the alltagonists. Peptides were char
acterized by anlinto acid analh'sis and ptical irtat ion, and they weite checked
for homogeneity bx reveise phase high pressure liquid ch i-omiltograp)hvII.-.
Peptides were generally found to be nitre thani 95(:; pure. If not, they were
further purified bY reveirse-lphase I]I'I.C using anl aceto?1itrile griadielt ill 
0.1% TFA. 

In vitro, the peptides were cdtested for their ability to inhilbit (,m RI-I-media 
1
luteinizilig hormI)Ione (1.11) secrCtion ycut tircd )ituitarv clls. - tt i Cs of 

GnRH antagonists airecexpi-essd relative to a statldard shown attthe top of 
each table. 

In billding studies, the K1) 'or[l)-Ala ',N"Melett 7,Plro'.NDtJ-(;nRl I (takcn 
as statrlda-) was deteritinecd from a Stchard analysis to be apploximatcly
0.3 n~m. All the other Kt)s we're clculated from tile poteitcies of tile analogs

(relative to the standlairl) (letetit'iIe( front (lis)lacemeit data.14.15
 

lhe in Vito (ovutltioln) test wa.s carried otjt as desc(rilbed b) Corbiii and

Bearti'. Results are expresst.d ii twermus of the t-atio f'f
(;iRImitagonist
tueated Ia.s ovtlatiitg ove(r wehicle-admiisterecl cointrols. '[lhe peptides were

dissolved ill coin oil ant in1jectcd stlbumaitaeoulsly in a volume of 200 RI at
 
noon oil tl( 
 day of l)iost ruis. ()lher stidies directed toward a better under
staliding Of the rile of (;nRt I it relrodtictive fummctions in male and fenmale
 

p
rats ha ve bcen relpor"ed elsewhere." ' i )olotiged action of these analogs

in itivo was (lemnstlated, thus allowing for1chronic studies.
 

RESULTS
 

GnRH Agonists 

Table 2-1 gives biological poteicies in i'itno and retentioti times at two pll
values (acidic, ph-I 2.25; physiologic, p 1 7.30) of live GnRH superagonists of

the genleral fTrmula: p(;h-Ilis-Trp-Ser-Tyr-X-leu-Arg-lro-(ly-NI-. 
 This 

TABLE 2-1, Effect of Substitutions at Position 6 on Biological Potencies and 

Retention Times' of GnRH Agonists 

RETENTION TIMES 

pH 2.25 pH 7.30 
PEPTIDE (sec) (sec) POTENCY IN VlTROt 
X = D-Lys 93 87 17
X = D-Leu 689 331 15 
X = D-Tyr 287 175 68 
X = D-Trp 1277 541 144 
X = D-His (im-Bzl) 230 579 200 

*HPLC at two pH values
 
tPotencies are relative to GnRH = 1,0
 

http:data.14.15
http:7,Plro'.ND
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TABLE 2-2. 	 Effect of D-Phe' Ring Substi:utions on Biological Potencies and
 
Retention Times (HPLC) of GnRH Agonists
 

RETENTION TIMES 
pH 7.30

PEPTIDE POTENCY IN VITRO* (sec) 

[D-Phe',Pro 9-NEt]-GnRH 1.00 	 319[4OMeD-Phe',Pro 9-NEI.GnRH 	 2991.70 
[4CHD-Phe 6 ,Pro9'NEtj-GnRH 	 4591.80 

[4CID-Phe 6 ,Pro'-NEtj " GnRH 0.49 545
 
[3,4C 2D-Phe',Pro'-NEt]-GnRH 
 0.75 
[4NO 2 D-Phe',Pro9-NEt]-GnRH 1.82 

919
 

14Ac-NHD-Phe 6,Prog-NEt]'GnRH 
 0.46 

Potencies are relative to [D-Phe6 .Pro'-NEtJ-GnRH = 1.0 

fiormla I(an be cnsiderled part of i homologous series (X = I)-Lys, D-His
(i-BI), I)- l'vr, I)-Lelu. l)-lIrp). 1)iffereut acetonitrile concentrations were
uscd alt taIt p11 So that clution of all components could be achieved under 
ism'rai on)litiOlls. No c<orrelation found atwas an acidic pH. Even thougha hettre fiI is obtalined at physiologic pl( , ther facors-such as aromaticity
will hav t Iw iltr -dmcdif XIperiricrital data ai-e to correlate. Indeed only
the tree pCItiihs having X--Tvr, I)-Trp, andl)-His (ini-Bzl) have higher
biologi(al poter-iu.s (OFrClating with higher- retention times. Unfortunately,
snni1ir' data slnw'n in"lable 2-2 suggest that this correlation may be only
hortuirns an~id that I1he o-crating factor may' be one which isd(ependent ontiel ht 11i1 ploperties and location oif tle sulstituents on tie aromatic 
ring. 

It is lctcwtlix that l)-Itis"(ii-l,l)ro-NItr.(;nRli was designed tolhit. the vcrv i t ;,a(ter'istics that it displays (high solubility under mild acidic
fli(liti)is whil. rt'cIilining high biological activity). thus allowing for- the mak
ing of highly ll crit r'ated Ileldial preparations. 

Antagonists 

()I the basis oft lilt-observation that several )osition I substitutions were 
rrpat iI)le wih tire high potency of ;nRH antagonists, 2 6 other I)- and L

arniii acirIds-whici were eit herb locked (acetvl) ori unblhcked, with or with
olut filtional side chains, alphatri or aiimi ti'--were introduced at position
I iii rle hasi( striur'tiure [X-l)_ h l . ,,1_(; 1 .,('Iable 2-3).

'Ilitse SN.'sternatic studies showed that the Ac-iltdro''."pi o'(A'l'-o) substi
turnori was clearly superior to any other I position substitltion tested by us 
or by others. " While those studies were being conducted, substitultions at the
2 pl,irtiors were also evaluated (Tablc 2-.4). None of' the substitutions tested
(excItiling Plh eri vatives) led to peptides with higher- biological potencies
thaln 1hat attairied with l)-uhbe .tuhstitution originally repor-ted by Rees and 
orl)tii'S. 	 :N ilv( assi uiates" made tile observation that introduction of' pCID-
Phie .rtpositin 2 ii conjunction with an aromatic amino acid at position I
wOnld y'ied Ilpt ides wit Ii grear ly erilia nced biological potency. We confirmed 
tlose r-sulrs by rmaking the corresponding [Ac-D-Phe,pCID-Phe 2D
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TABLE 2-3. GnRH Antagonists with Position 1 Substitutions 

IN VITRO IN VIVO
ANTAGONISTS POTENCIES' lig RAT OVULATING 

[D-pGIu',D-Phe 2,D-Trp" j-GnRH 1.00 250 010 
[pGluUD-Phe2 ,D-Trp3 1-GnRH 0.16 1000 4 10 
[Gly',D-Ph e ' D-Trp311-GnRH 0.35 250 8/10 

[l3.A!a',D-Phe 2 ,D-Trp 3 "j-GnRH 0.24 750 1/10
[GABA1,D-Phe',D-Trp 3 6J-GnRH 0.22 250 9,10

' (Pro' ,D-Phe 2 ,D-Trp3 J-GnRH 1.29 500 2'1 Ot[D-Pro',D-Phe',D-Trp' ]-GnRH 370 250, 100 0/10, 4/10
[For-D-Pro',DPhe2 ,D-Trp 6 -GnRH 1.60 500 4/10
[Ac-D-Pro', D.Phe2 ,D.Trp 3 61-GnRH 2.10 500 0/10t
[BzI-D. Pro, .D-Phe 2, D-Trp 3 6j-GnRH 1.25 250 310

[,-Ac-Naphthyl-D-Pro' ,D-Phe 2 D.Trp 3 61-GnRH 2.80 250 9/10 
,D ,D (D-pGlu-D-Pro Ph e Trp"]-GnRH 0.21 , . j- 250 9/10[D-Leu o-Phe' D-Trp ' GnRH 0.50 750 10/10

[D-Trp', D'Phe2,D-TrpJ1]-GnRH 0.60 750 
[D-Lys, D-Phe 2 D-Trp 3 ]J-GnRH 

9110 
0.03 250 9/10 

D-His,D-PheD-Trp" J-GnRH 0.20 750 3/10
[D-Arg ,D-Phe', D-Trp3 -GnRH 0.05 750 5/10[Z-OBzlD-Ser',D.Phe',D-Trp: '-GnRH 0.60 1000 9/10

[Ac - .&Pro',D-Phe,D-7rp."I-GnRHt 5.20 20 517 
[Ac-.AD,L Pro',D-Phe ,D-TrpJ.-G nR Ht 9.60 100 0/10 

'Potencies are relative to D-pGIu',D-Phe ,D-Trp3 1.0. 
'tin vivo data from the laboratories of Drs. Folkers and Steward.'
 

tA'Pro dehydro ' Proline.
 

I1 ) 'lr)"-A I111(.lR I11i -l I),II 111[.-c - l(l' l 
.1)_'I It1,.',Mclb -iT]_(;nRl ! 
1))1 ,thikl p,,oci i i m I Abic( 2-5),.mid invv,J,,, \\c(thc(.101ct ifn[]()dth(-Cd
III(. H ic(Il)"sll, Hlltitilti( lillMlium ( m lh bctsll%iJ~ m. suibstilit lls M1 P()-


SitMi 3 "[d ;)wileh s(Ill• 11ix hg ti) jillpJiNX 1)'sitili I mdt( 7 (Table(2-5). The\ -1lri, ,,uhsilllim, lm cd.,,mipa~ihc -
c 
and %% "i 

INth I]h (l)l'( substlil io)n
 

i i i l ,, ill ,(
11,1ii). iL 1 1(- \',(fital,"'h -wc,,dT t'e N " 

TABLE 2-4 GnRH Antagonists with Position 2 Substitutions 

IN VITRO IN VIVOANTAGONiSTS POTENCIES' Pg RAT OVULATING 
1D-pClu',D-Phe',D-Trp "J-GnRH 1.000 250 0/10
 

[D-pGlu',3MeHils'D-Trp 'J-GnRH 0.070

[D-pGuDHis',D-Trp"j-GnRH 
 0.010 500 10
 
ID-pGlu' D-Trp',D-Trp" j-GnRH 0.210 500 
 4/i)[D-pGtu',Trp',D-Trp]-GnRH 0 130 250 9/10
 
1D-pGIu',D-Tyr',DTrp "J-GnRH 
 0.017 

[D-pGlu',Tyr',D-Trp I6j-GnR;i 0.050
[L)-pGlu',D-Orn".D-Trp:'GnRH -. 0.010 500 9,/10

[D-pGlu',N"MePhe,D-Trp 3 '-GnRH 0.140 500 9/10 

'Potencies are relative to [D-pGlu',D-Phe 2 ,D.Trpj.GnRH = 1.0 
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TABLE 2-5. GnRH Antagonists with Positions 1 and 7 Substitutions 

ANTAGONISTS 
IN VITRO 

POTENCIES' K, g 
IN VIVO 

RAT OVULATING 
[D-pGlu',D-Phe 2 ,D-Trp'.3J " GnRH 1 0.54 250 0/10fAc-A 3Pro,D'Phe2,D'Trp36j-GIRH 10-20 0.17 20 5/7[Ac-D-Phe', 4 CID-Phe,D.Trp',Pro'.NEtj.GnRH 45 30 2/10[Ac-D-Phe', 4CID-Phe2,D-Trp 3 ,",N"MeLeu]-GnRH 75 25 1/8[Ac-D-Phe',D.Phe,D.Trp3,6,N-MeLeu7].GnRH 
3 100 6/10Ac" Pr°,4ClD.PheD'Trp 6]GnRH 70-125 0.29 75 0/10[Ac-A3Pro' 4CID-Phe 2,D-Trp ' 6,N'MeLeU7]-GnRH 30-52 0.19 20 0/10[Ac-Thz%'4CID-Phe 2,D-Trp" 61-GnRH 25 3/10[Ac-Thz',4CID-Phe 2,D-Trp3 6

21 
,N'MeLeuTj-GnRH 25 9/10[Ac-D'Pro',4CID-Phe 2,D'Trpj6]- G n RH 

23 
16 0.32 20 3/83 6[Ac.D-Pro',4CID.Phe 2,D.T p ,N"MeLeuT].GnRH 11 

Potencies are relative to [D-pGlu',D-Phe-,D.Trf3cj.GnRH 1.0 

sCem (om)atible with bulky amino acids at position 0, possibly biecatise ofsteuic hilldirallic, thus prIe~cleting optimal ackhle coni fo'rIation.I. re(eptor re h.C(jllemlls for optin aillg'.ia
dal at positiol I werie tiithere%'valtetCd l) 'N'(hiligifIg tl +t llt e-COfIth itNrtlilt, g S1btittleI t n (IIIellrloPron
(Table 2-6). Tlhe ;1.vl1i st-Nistittlo.It appealrs slightlY better than thetacetylgrolp; large.r 5lbstj1 tclits (l) ,ltlcptanlol), howcver, ;1re, not Comlpatible
with higb l:,ogicail pote_ Y. 

+
At this stage, si1)e the+ICl isV5lthtit of l)-l'h,? h1ad 'esiltd in suchi aleaf) in)iological)<l poteny.- we (ed. ll t) no cstigiat. ottie I)-Phe analogs atposition 2. The restults of ihose vxtvjivc stildics dre rlFort.cd III Table 2-7.The first fiv. strmt'ves are tls sti.ggest.d ill the iopliss al))loach tostIl'(tIt -tx it-I l;tiollship st Jlies. The order of potency (ICI > 3,.4C2 2> I (If _>:;. - .I(M)\i) n)(ldatcs that tilc probable o)e+lrative potency(ependient parattlu l's wrl+ ei + 22 - - 71T()ri - or.If 27, - TrI was theoperattilig (ietell]lI alt. gltrlael otl twouid be predicted for tlie .ML)lHP"Il anlog. Ift7- - UrW(as tit operatiig 'letetilliralt, thel the 2,.4(0.,- or.4CF. - 1)-IlhC2 j' sh:olJ."hjgs 
 hIe ollltCpotelnt. ()I]tII( other hand, if' "othereffect" ,vere operative, tilel the .Il)-Phi', .1N()ODPhic 2 , or 'IAc-NI-I)-Phe' 

TABLE 2.6. Effect of Acylating Group at Position 1 on Biological Potencies of GrRH 
Antagonists 

IN VIVO 
IN VITRO RATANTAGONISTS POTENCIES' K p.g OVULATING
 

[Ac-A3 Pro',4CID-Phe 2,D-Trp 16N'MeLeuj+GnRH 
 1.0 0.19 10 4/8

[Acr-Y' Pro', 4CID-Phe 2',D-Trp" ,N"MeLeu7]-GnRH 
 3.0 0.25 10 1/10[Pro-A3 Pro',4CID-Phe2 D-Trp ,N"MeLeu']-GnRH 1.8 10 3/3(But-A 3 Pro,4CIDPheL,D-Trp 6,N 'MeLeu'i-GnRH 0.6 20 4.9[Hep-AY Pro,4CID'Phe?, D-Trp 3",N 'MeLeu'f-GnRH -0.1 10 9/10
 
Ac = acetyl; Acr 
 = acrylyl, Pro = propiolyl; But = butanoyl; Hep = heptanoyl."Potencies are relative to [Ac-APro',4CiD.Phe 2rC.Trp36 

N "MeLeu']-GnRH = 1.0. 

http:rlFort.cd
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TABLE 2,7. Etfect of Substitutions at Position 2 on Biological Potencies of a Series of 
[Ac-A'Pro',X 2 ,D-Trp3,6j-GnRH Ai)tagonists 

IN VIVO 
IN VITRO RAT

ANTAGONISTS POTENCIES' K, Iig OVULATING 
[Ac-A 3Pro',4CID-Phe2, D-Trp 3 J-GnRH 1.00 0.29 5 

[Ac-.1 3Pro',D-Phe 2, D-Trp"]J-GnRH 0.14 0.17 
2/11 

20 5,7
[Ac-.3Pro',4OMeD-Phe2, D'Trp 3 6J-3nRH 0.12 0.23 10 3/10[Ac-A3Pro',4CH3 D

-P he' , D-Trp1 6jGnRH 0.34 0.23 5 919 
[AcA3Pro',3.4CID-Phe2 , D-Trp 3 0.38 0.47 5 1/10'6-GnRH 

[Ac.%'&Pro',2.4Cl2 D' Phe 2, D-Trp 36]GnRH 0.44 0.70 5 
 4/7

[Ac-A'Pro',4CFJD.Ph e ', D-Trp 3 6j-GnRH 0.22 3.16 5 7/9
[Ac-.APro',4FD-Pie D-Trp 3e-GnRH; 	

0.70 0.13 5 0/lot
[Ac'A3Pro',4NO2D-Phe2 	 , D-Trp 3 6 ]-GnRH 0.70 0.12 5 
,
[Ac-A3Pro ' ,4BrDPhe D-Trp 3 )-GnRH 1.50 	

2/10 
0.21 5 5"7

[Ac-.!'Prol,4MeSD'Phe2 , D-Trp 3"j-GnRH 0.50 0.32 	 5 7/10" ' [Ac . Pro ' ,4Ac.NHD-Phe2 , D-Trp 36]-GnRH 003 092 10 9112
[Ac-A 3Pro',(CH3)sD-Phe2, D-Trp 3eI-GnRH 0.04 3.70 10 7i.')

[Ac.&Pro',C'Me, C ID Phe2, D-Trp 3"]-GnRH 0.33 1.25 10 2/10
[Ac-A 3Pro ' ,3FD-Phe2 , D-Trp 3 ']-GnRH 	 0.34 10 5/7 

*Potencies are relative to [Ac-3Pro'4CID-Phe2,D.Trp3]-GnR!i - 1.0.
 
tResults for this analog have varied from 0 to 3.10 at the 5-jig dose.
 

should be flt( Ie ptelt. In fact, tile intst potwtnt analogs in vivo were found 
to be -ie an;tlogs havitng the CI-l)-l'he)-. 3..t(:l,,l)-lhe, 4FD-pIhe 2 and 4NO.,D
lhe- sit )stiut itn S, whereas the jBrI)-1Che 2 sIIl)st itutttiti was superior in vitro.Thits, even th1(1Ilgh the TIopliss approa(h has led its to synthesize very potent

(;nRH iaalogs, it is not vet evident which p;-atncters 	are predotr initanlv
Operlative, letitust '&fthe ciose sinilanitv in ptotency of a significant nt mbe
(oi 	 antaloigs. This iII sO(1e walys linits tie val e Of this particular approach.

Yet, ,steiliti suh st itutitlIn of artitniatic ritIgs withi nioleties having different

elect roi 1 or steric citrfie ristics has detnonstr~ated the validity of the concept

that illole p1 t en 
 tnCl1)Ott 1(1s caII be designed by optimizing local and global
electroiti and steil(: properties of the (;nRII atttlogs.


(hh1c ;tito ,cids in thie basic attagonist structtres that could 
he 	substi
ttined fOllOwing tie gulideiliws ol lopliss ate tihe two I)-trvptophati residues
 
(f positiw, 3 an(f 6 attd II tyttrsine resi(l it at posititt 5. Befowe p-oceeding,

we de(ledl t test the P(2 Naplithvl)-I)-Ala substitutioni at positions 3 and 6.
lhe use Of this itniatinral anitton acid a.; a trvl)toplta l aialog in the Gti1-l 

field is lillitetl t0 three rel)(its. 
1. 	Yabc at:d co-wOIrkCrs" II ittirodluced the l.-isomer at ptsition 3 of' GnRH

attl Obtaited ant atialog oc-third as potet as GnRH. 
2. 	 lti'sa;d A associates"'' ,Asol ittroluced the saule I.-isonier in position 3 in 

contui1(tit i wItIit ,tile (tes-Ilis-,l)-Ala ' sulbstittitins in! obtained a weakG(R anRHtagontist. 

3. 	 The Syntcx gio ip'' intiroduced the D-isonier at position 6 atid Obtained 
a potent (.nRl I ngotist. 

http:Ac-A'Pro',4CFJD.Ph
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Quantitative comparison of tile potency of this analog with other knowrGnRH agonists is not available, but claims to the effect that this analog wasvery potent intrigued us and led us to svstematically substitute D-Trpgl and 
D-Trp" by P(2 Nitphhublli-Ala. Ring Substituted analogs of this amino acidshould be easier to svltliesi/e than their tryptophan homologs. Comparative biological datl (M tile three anlogs versus [Ac-A:ProI,4FDplhe,D-Trp"]-(;nRIt ar shown in Table 2-8.It is rioteworthv that the thice analogs have similar potencies. FurtherstudICies includ(ing mt rOdut tion of tile 3I Na)lhthyl)I)-Ala as opposed to P(2Naphthyl)D-Ala at positionls 3 and 6 should give us a better appreciation oftile receptors' requirement for tight binding. In fact, [P(I Naphthyl)LAla-3].

(nRI-I was reported by Yabe :"eto be approxiniately twice as potent as GnRH. 
These latest resthts ('Tble '2-8), which Nield analogs one hundred times morepotent tII;,h tse mvailable two Vears a1go, demonstrate the feasibility of thestep-by-stc: (t itzation apprich to the design of GnRH analogs. 

Cyclic GnRH Agonists 
Our efforts in designing (yclic (;nRl- analogs go back several years. At thattime, we produticed 5so1e ( ys-(oIItiiijIIg (;IRII agonists 27 and cyclic [Glu 4 ,D-Ala 4 ,()rnr]-(;nR II tI, test tie hypothesis of the existence of a postulated 311bend encomplssing residues 1 thirough 7'' and to ob'ain a confhrmationallyrestricted bi)ologically at(ivt anialog that kotld be studied using conventionalspectroscopies such as NNMR and Cl), It was hoped that such studies will leadto a better understanding '1f the receptor requirements for recognition. Invitro potencies of those cyclic Cys- colltaii Ing (;iiRH agonists are reported inIable 2-9 along with thI,t of two backbone cyclized analogs subsequentlyreported by Sepiodi and(o-workers.-'" Potencies of those analogs are relatively low even though tlhv exihibit iull intrinsic activity. 

Cyclic GnRH Antagonist, 

()ur observation that (;nRlI antagonists with more drastic substitutions inpositiois 1, 2, and 3 muild still exhibit high A'ffinity fir the GnRH receptor 14 

TABLE 2-8. Effect of 0 (2 Naphthyl) D-Ala Substitution at Positions 3 and 6 
or, Biological Potency 

IN VIVD
IN VITRO RATANTAGONISTS POTENCIES' K, lLg OVULATING 

[Ac'A3Pro 4FD-Phe''D'Trp',DTrp6]GnRH 1.0 0.13 7.5 0/10[Ac-APro',4FD-Phe',ji (2 Naphthyl)D-Ala 3,D.Trpj.
GnRH 1.7 0.16 5 0/10 

2.5 3/10[Ac-'3Pro,4Fn.PheL',l(2 Naphthyl)D-Ala3 
,13(2 2.3 0.72 5 0/10Naphthyl)D-Ala+J-GnRH 

2.5 0/10f-c-.%'Pro'4FD-Phe'"D'Trp(, 3(2 Naphthyl)(l-A!ao] -
GnRH 

3.1 0.22 5 0/10 
2.5 2/10

Potencies are relative to [Ac-3 Pro',4FD.Phe',D.Trpa+]GnRH 1.0.= 
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TABLE 2-9. In vitro Potencies of Cyclic GnRH Agonists 

RELATIVE 
AGONISTS POTENCY 

LRF 
 100.00
 
[Cys' 8,D-Ala 6]-GnRH <0.01
 
[Cys4']-GnRH <0.01
 
[Cys'-'0 -GnRH 
 <0.01
 
[desamino-CysD-Lys',Cys'0 ]-Gn RH 0.2 (0.09-0.8)
 
[CyS2A0,D-Ala 6" 

0.09j-GnRH 

Cyclic ([3-Ala',D-AIa6,GIy' 0j-GnRH* 1.20 (0.92--i.56)
 
Cyclic [6-Aminohexanoic',D-Ala6,Gly']-GnRH* 0.65 (0.48--0.89)
 

From Seprodi J, Coy DH, Vilchez-Martinez et al:Cyclic analogues of luteinizing
hormone-releasing hormone with significant biological activities. J Med Chem 
21:993-995, 1978. 

led us to c(msider uilking cyclic C;nR I antagonists. Their priniary structure 
and relative Iliolgiul px)teiy is reported in Tab,)le 2-10. Several conclusions 
can he drawn forIl those results. ('ontrai-r to what %,,asobserved in the series 
of linear (;nRlf antagonuists, intn ductiol (f the *t(Il)-Phe2 substitution in 
1I)-C ys l)-I'heS, I)- I p''",( ys 1 ]-c;n RI-I (Idos not resul in an increase of bio

logical activitv. In the acetlated peptide [Ac-),)-C vs',l)-le-,D-Trl)'.,,ys '
C;nRIt, it is ,J)parcilt that the increisiig o der of,potellcv with I positions 
suI)stitlltio~l ()t) the J)htuiilildtfiit ring gots fronl 11 < (1 < F. 

TABLE 2-7u. Cyclic GnRH Antagonists' 

IN VIVO 
POTENCY RAT 

STRUCTURE (fCR,)t Ig OVULATING 
[D-pGIu,D-Phe",D-Trp 3 J-GnRH 3/1 250 0/10 
[D-Cys',D-Phe 2,D-Trp3",Cys' 0j-GnRH 9/1
[Ac-D-Cys',D-Phe2 ,D-Trp3 6,Cys I.GnRH 50/1

",
[D-Cys'.4 C ID-Phe', D-Trp Cys" ]-GnRH 63/1
[AcD-Cys ,4CID-Phe 2,D-Trp 6,Cys'0 J-GnRH 28/1
IAc-D'Cys',4CID-Phe,D-Trp 3',N"CH 3Leu',CysJ-GnRH 27/1 
[Ac-Cis',4CID ' Phe2,D-Trp ,Cys ]-GnRH 63/1
[Ac-Cys',4FD-Phe',D-Trp3",CysG'I-GnRH 19/1 500 10/10
[Ac-Cysl,4FD-Phe2 ,D-Trp3",D-Cys 0°[-GnRH 70/1 500 10/10
[Ac-D'Cys',4FD-Phe',D-Trp " ,Cys]-GnRI 17i 500 9,
[Ac-D-Cys,4FD-Phe2 ,D-Trp3",D-Cys"']-GnRH 25/1 500 10/10 
[Cyclo&L-Pro',4CID-Phe2,D-TP3 ,NMeLeu',T Ala' 0]-GnRH 3.51 

*Preliminary results were reported in Vale W, Rivier C, Perrin M et al: Pharmacology
of GnRH, a model regulatory peptide. In Martin JB, Reichlin S, Bick KL (eds): Neurose
cretion and Brain Peptides: Implications for Brain Functions and Neurological Diseases, 
pp. 609-625. New York, Raven Press, 1981. 

tPotencies as ICR., are exprossed as the concentration ratio [antagonist/GnRH] re
quired to reduce the amoir' of GnRH-induced LH secreted by 50%. 

http:0.48--0.89
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In the acetylate(d series in wh h tle stereo chemistry at positions I and 10 was studlied [Ac-l. or I)-( vs ,.4 FI)-lPhe2 ,_Trp.I ,L. or I-C's°]-GnRH, it was
fotnd that tle lltst IjavorlelC con format ion was that ccolMpassilg the I, orl)-isonier at p)osii)ohl I if] c(,njunuiol with the L-isonie, only at position 10.
The mo0st potent cyclic ailtagoilist that was tested was found, h )weer, to be
[CychlA.Pro 1" (II)'Phe.1I'rp:*"',N".\Ieue,'3AIa ]-(n RH, a nocysteine
contillfung mal)g that was (vcli/ecd through the backbone. Similar analogs
are j)eSenltly benig svN thICsiZe(l that s oLnIldexhibit even greater potency and 
be even nolre lesiicted in their t(rtiar conformation. 
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CYRIL 1. BOWERS 

Tilte potenttil usiefllntess f,both .tgonistic ;tticl anttagonistic analogs of LHRI
for r-giilaltilIg fertility iINItaes and femalets has beell establishecd. Problens
lCtlliillng to lbc solved incltude the sytihesis of structures with increased 
1t ic--c~10clis--su allvdiring atitagollists--atl (te ticed lot further insightsatb)olt dosagc, d Illl' lull, Illd iiode of d("illlistration. III iltust rcspects, thesouItiol t) ct, i these pllr)leITh s is in imately IClated ti flit- '11ti(u .Ssf tll sYti
thesis (I l)Cl)ti(lcs with iIl)r(il cl loiufhgical stabilities. Certainlv all Ideal p(ly
l)ptplut. wtlhl lbe silc, (AlC tiCve, easily andI rclativelY inlexpensively sy1ltihcsiz.I, mril ([),Ibc uf till aidlIIMistrat loll. llowccvr, fcw epeptide allalogshjavc bt..l ptlpard, cithcr (f ]IIRI! or otetrs, tlmi can be orally
a(lIlIistw'rc.l atn Sur'ive passage through tile gastroitntestinal tract, ill ad(l~litun to b.iii allhsoiicd wilhout drastic fosses ill poteltux. 

,Nl)' lti;t cs illa (lm to) -ieascld eltz\illic"Stability have inlvolved luttressitng
tlc wcak li1k ill ihc jl tidc "Iackb ne," nttaniev rie allidc boild. OtherbIa kbutc ttdificwtitlis nut Inlllving the aillide bond itself have also proven
uscl il. 511 Is )-amjnil iliis, dehydro residues, and u-Illehlyl-stlistitilteC or 
Q-,I/,I .ttIIahgs. Il adlition, t peptidces ha yc beCCI suggested as Coitrib-Wtitng it Ilt leasetd rigidity idtl tihs improved resistance to degradation by 

I tIi% %mlk %Is, suiptl tuid b% it 1uthwing grinll(,to ( ml, ts: I ID-)-2830 (At'S), IID-12776i((CY ,), ;aIA,Ii - (it i IG It 1 If,. '\ iu(ti iItito ii Xt, clestcdIo ll. Marvin J. Kalet-t o (t1r illn lousI cd I)hI uS 'u I ,,., ibtN l . Rthil N;pi'i ;iud ass latws .at t,.asnI RcsarIth Institue for the 

24 
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(0111111011 I )t e(lvtic 	clui'les. Of these llvali tvpes of' Substitutions, tile useof D-amlino a0c ids iII PLtCe of' glvcine of l..-resildttes has l)et Most pr'%evalenIt,largely because of the (otitiiircial availabilitv of most o(,illioll I)-atljlo acids.However, relitivelv fiew of [lhe rsuilting ItOtlsilbtitruet diasiteronl.ricderivatives vie 1I peltidts of incre;lsed )oltetl'ies. Itn I.IiRII, t(W examiple,0IIl F)ositioll 6 of' the (lcca)epltide is known to be tCndered tilorc attive byD)-amin tM <acid 	 :md, andcolrtte plareilieit there is I'f tie /aciglvcitlegroip (lalic 3-1 )." lot the tctrt dtc~a)e)tide. sotlltostatIII, ot,' two o'f the 
H lpossible )-suibstittited tlialogs werc ftMtl lo) be mo)te thal theatcti'\c r t hot-ite. ' None of the iitlie possiblc ox , toctli l)-substiuttld analogs

al*e as it tJi ,is o X to(otill.
With Illv )ackbolte lepl;cclletlt, tile otol)or-,tiialontl itoplicatiots as well-Isthe pcsiitcd ctl\/tllati tihittior niust b. consideretl. ( heatlv,I)-anIino 

acids have hetll as valuabletr their (othr-llatiotlal stalbili/itg IrII)l)ertes isfho thei, itl.t-actatbilitv t( cli/ vinc degradatioti. If still otitet ttctl(ls tuightbe fotudM whict ottld illc-;ase tile, ltoriouslv shout biojlogical htalf-lives of 
petltIcs, -whilesilt.rulotlv Ihrtlttitlg a1HIMtC slll)t Iltili)pulatiol (fsteeo( hellistrv of the itckbolilc, tile csnlh 	 the 

ew

useful .t~ljt toi I)-adttit Io l fsstruttut-flturrtiot stldlies.
 

light be 	a 11ev and getierallh 
W\1\'it 11( olls'det'atiols *I+mist.1d wc 

o.
'Il'italed(ail ()..rIwo i~ :++ii +,+tc
 

severAl few kils of 
 tcarlilv svtlthe.si/cd llttidje oonid repltccleftls withinIIRII attol its ltlt(goists " R(cett wot-k has itl<)l'cd the sv\tltsisof clh'alaitdc bod Stlll(ogles. tht t(otolill111 orit, t'll (lte ;aSVl!lItIetI'wi (etlIets withiti
the ;ltiide l)old-l.t)lpliIng 1ituit. A 
 llaior o)ljctie has [l)eti to intvestig;te thepottttial ofo tilh s. 5tlifflt-bsed slut r)Ogltcs as Ie';ttlv isteltric re)htlacellclts fottile peptidl, litlk. atnd to detettin to what tile Ile\.exellt rCslltitlg asytll-Illetreiltt' ittight Itcd lo \;ttiahc hiologic activities, tittchias D- ;rid l;ttlrl It0ilds cotitttlltc (tite lilftt.tt t cxploitablebut rtlil variatiolls itlI)io;tciv-ikt\ pr,)filcs. 
lhe getcIrtIt StntlIctiC st;tleg h.ts holl to) plte irai atlt.logs of' oil)eltides


illt atleato 0( tti+ the itl(l e rtl)]iet tlltlits ;1ttol to ill(()uoiate
"h_-;Illl0l);I( ils" withinl tiw pepldi(li ahin 
then theseytr itmtls)ti ) sidphase 

TABLE 3-1. 	 LHRH Derivatives with '-".Amino 
Acids Substituted at Positions 1-10 

IN VITRO
POSITION SUBSTtTUENT ACTIVITY 

- LHRH 100.0
 
1 D-pGlu 8.0
 
2 D-His <1.0
 
3 D-Trp 0.1
 
4 D-Ser 7.0 
5 D-Tyr 0.1
 
6 D-Ala (Gly) 500.0
 
7 D-Leu 
 1.0
 
8 D-Arg 0.3
 
9 D-Pro 

10 D-Pro (Gly) 10.0 

http:lilftt.tt
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methods. =" Once thle physical characteristics of suItch dipept ide analogs have 
been established, such as their R, values on thin lave r chromatografply, or
their 1lPLC or amino acid analysis retention tines, the resulting products 
can be characrized in nearl identical manner to their amide counterparts.
In several (ases, the use of selective degradation, derivatization and mass
spectrometric analysis has proven useful illumatnbiguously establishing the 
presence of these pseudopeptides.
The a ide bond replacetments discussed in tihis sti(dy include the following 

sulfur-bas d ointies;leastO CII.,Sat (I](I. 1S. and C lIC1.S0. All but thecot 
first contain at least oe new chiral center. InI addition, the carbon hybridi
attioo,at tie pselodocarhottyl position is changed from sp" to sp3 in each of

these analogs, not umilite "transition statw" analogs that have been proposed 
as Cei,,'toiUtiil ,,.,. 

NOMENCLATURE 

A sin tplified miotnei latutre for peptide backbone amide bond replacements
is proposed. The synmol has been previously used to refer to the methylene
thio (CI S) replaceoteit"' but now refers to any a tnide bond replacement
fhIlowed by brackets, itt which the elements stubstituting for the normal
(()NIl group are specified. 'o the case of ihiral amide b)nd replacements, 
or with colmiiguiratinal isomers of the Z,E type, the configurations are(de
scried iartclillieticallv. diilpptide attalg ofTils a the sequence l'he-Leu,
which1 otains a (ClICllt-S-replacing clement, would be named as
Phctb(II ( I J letc,or, if tie ctifigiration is known, as lIhctJ[ (?)-CHCH:S]
l.eln (Fig. 3-1). (Illthis chapter all antittto acids except glycioe have the L- or 
S-conmlfiguzratiom, unless otherwise specified.) Other cxamples are shown in 
Table 3-2. 

II 

St I II 

NH2 CH-' C-NH t-CH-C-OH NH2 -CH- CH-Si-CH-C.OH 

CH2 CH2 CH -S:-CH-C-O 

CH[CH3] 2 0 CH[CH 31 2 

Phe-Leu Phe ¢FCHCH3SJLeu 

Fig. 3-1. Cotmparisom of the sticture Plhe-Leu with representative pseudodipeptideequivalent, I'hc-i+[C1t(CHS]Lxu. 

http:CH-Si-CH-C.OH
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TABLE 3-2 Examples of Proposed Nomenclature for Amide Bond Replacements: k[(
 
REPLACING UNIT 
 NOMENCLATURE
 
FOR AMIDE BOND 
 SYMBOL 
 EXAMPLE 

CH 2S ,b[CH2 S GlyO[CH 2S)Phe
NHCO IJ[NHCOJ PhetIi[NHCO]D-Phe
CH=CH t!,[CH==CHI AlatCis-CH-=CH]Gly
CHCHJS O[CHCH3 S] GlyO[(S)-CHCHS]Tyr
CHNH t4)CHNH] Phe[CH2NH]Pro

SOCH 2 O[SOCH] D-Vahb[(R).SOCH 2]Lys
 

LHRH AGONISTS 

'hen this work was intiated, the fintdings off"larks and Stern provided
Su bstaotial evidence that the weak links in 1--IRI- (with respect to hypothalamic degradation) were 6-7 anid 9-10the amide bonds between residues 
(Fig. .-2)." Further stIjpport was furnished by tile extra)rdiniarily high activityfoudll for such analogs as [I)-Ip',-Pro-NI lH -I.IRI I with pirotection at bothof these sites.21 We thuLs undertook the svynthcsis of' several u1WlfH,S]-c(,ttaiu
ing 'anlogs including structures with GI - and PI 4C I.ot[(IL2,StI ,,S]6ly-
NI 1., relientems. The )iologic acti\'itic., for these strlt'l(tres, based on iII 

,1 helipitillitarv alul disJf).rsed (elf(.Ilture assays, awe sutllluati/ed in Fig
ure 3-3. 

lhese j.results detimollsttate the rage of activities miod substalltial site vatriabiltiv to be ex tected br trilctlr(aly isorl(.Ic vollpolll(Is. All of the agonist
iioOfict:iiis are baed on tile parent 1.IRI I moletIct ltheR than oilplltiil t ' modlified )eptildcs cotliiitg p<ositioll fi o)1 9 "Fljin modifications

roN lIt Ii)Although the resulting strllctltires are likel to4Nield compomds
wit i lower biological activities, this is tile orly way to assess the efTct of, a 
ICW stlt*lctlllrtl 1ett[latiollttlllbigtlouslY.
 

Nevertlieless, thIe three (ompounds lange i 
 act tivitv froll less tlall ). I'ithe potency of' IJIRII (fIc[(;lvulu[(L l,]ei, -_.l IRI I) to Strll(tIIt'es with di-Iltllislicd but still rel;itively high lotencies slich as IyTr [(llIS](;l'-LlllRI.I
and I'roh[CI LSJ(;Iv-NII,'-I.IIRI1. The similar activities of these latter

cOIt)omnds stiggested that there 
might vcry likely be a confoirlational re
quircllti for rigidity at the 6-7 bond, but that itterlnal as well as C-termillalpsitiolls coulld be equally wHell substituted without iiecessitil' sacrificing biological iotencies. It appearued siglificatt that several proposed models fo-I IRI I poistulatedi a betRI in the region of' tile 6-7 residues,'' and the stabil

LHRH:pGlu-His-Trp-Ser-Tyr.Gly-Leu-Arg.Pro.Gly.NH, 
1 2 3 4 5 6 7 8 9 10
 

Modifications: 9D-Trp ' Pro-NHCH2 CH3 

Fig. 3-2. Vulerable sites of' 1.11RI-I toward hypothalamic proteolytic extracts and 
usellf piii- tctie llodifica tionls. 

http:LHRH:pGlu-His-Trp-Ser-Tyr.Gly-Leu-Arg.Pro.Gly.NH
http:isorl(.Ic
http:sites.21
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Potency - Log Scale LHRH- I 

0.001 
II 

0.01 01 
p 

10 

LHRH 

[Tyr4[CH 2 S1Gly5-6 ]LHRH 

" [GlyY[CH2S]Leu 6 7 ]LHRH 

(ProyI[CH 2 S ]G1yNH 2
9 '0 ]LHRH 

Fig. 3-3. In var, ai(i%itis of 1.1I RI-I agonists contalining 4[CH,:S] ailhide 
replacitets at se ( sites. 

izing inlfluence of large hydroplhobic 1)-co(nfigiuration groups at corners of 3
turns mighlt ex)lain their increased actlivities." However, a formal hydrogen
bonded strtcller't. cop)rising residues 5-8, which could be at least one con
tributing structure of the lkel' set of low energy confirmers for LIIRI, can
pro)bably )e ruled out as ;tin essential receptor-active form. The 5% to
activity of i, le1v\rIt( :1 .LSj(;j; 

10% 
" analog is intcotmpaliible with a strict require

meInt For such a l)onling fe'ature. 
More receitwl\vork ()It tile stabilitv of' L-I.R to etidogenous proteases in

(icatts fltat, ill a(lition to the 6-7 and 9-It) hot(Is, other vulnerable sitesinlu~e tilie 1p(;i 2-ll iS. I Iis2-1 r'I, and Txr -(;lv'1 I)o(ds. 1 '- 2 The latter bond
(as w,1l as thlie lrl)1-Ser' bond) is known to Ile ssceptible to chytmotrypsin
cleave. Thus, the syithesis of ally pept ide derivative with prolonged activity
would require l)rotecti(on fron a wide variety of peptidases while retaining 
a restsi),able profile o a(lsor)tivitv aitd biological activity parameters. 

LHRH ANTAGONISTS 

While the synthetic work leading to LHRH pseudopeptide agonists was in 
progress, tile synthesis (f analogs of known LIRH antagonists with amide
bond replacemetntrts at varying sites was also )egun. Initially, the similarity
between tile (C-teritini of both ,agonists and antagonists allowed the iicor
poration of 

Typical N-tcriniul residies Tvpical (C-tertiinal residuesAgonist p1 ; h l 'l lis-T rl trT rI - r1)I.e -\• g-P<p ; H: 
AnXta~gontist D)-i) ;l.I-l-he-l).T~rp 

psettd(dipeptides within boith structures. Figure 3-1 stmmarizes the in vitroactivity of, five analogs ct)ntaining amide bond replacements at pusitions 1-2,
6-7, and 9-(). ()ne again, the least active structure is thlit wiih the amide
bond replaced between fle (;lv'"-Leuw" resid ues. The hvpothesis that utndue 
flexibility may I)e tihe probleiti is Supported by the similar lack of

7 
tctivity

foutlnd hrt a D-Serl[C 1.,LSJLeI - which has a D-residue at position 6, often
leading to increased potency f()r both agonists and antagonists. 



Potency. Log Scale [D.pGIu.D.Phe2,D.Trp3,6].LHRH: 1 
0.001 0.01 0.1 1.0 

[D-pGIul.D-Phe2,D-Trp3.6]LHRH W 

[DpGIul.D" Phe 2.D-Trp3,GIyU{CH2 S]Leu6.7] LHRH
 

[D'pG'ul.D.Phe2.D.Trp3.GlyLPCH

2 SO]Leu6,7] LHRH 

[D-pGlu1,D-Phe2,D-Trp3.6.Prov[CH 
2 S]GIyNH 2 9-1o]LHRH 

[Ac-Pro4) H2S]D-Phel-2D-Trp3.6]LHRH 

[Ac. Ph e4jcH 2S]D.Phel-2DTrp 36jLH RH 

Fig. 3-4. In vitro activities ot l-Ri i antagonists containing b[CI.-SI amide replacements at 
selected sites. 

t' 
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More rtentlv our sviithttic effort has cnicenotratl <illficatils of 
tile N-terinitts of 1.I1RIAI iiLasnmch as all (If the sitIttural cilaiges which 
C>lntiibIte to iflltibitioll appeal- to b ill tile first thne residues. 
Figure 3-5 ctoltains il vittY activitics for II FscIldopcpidc-,with position I-2 
modifications. These inludc ruplaceilents of the J[(lIcS,"J as well as the 
thiral alide bond SUlirogat.s d[(:l 2S()].- t(iI 1 . anmIulIl[(;IA( :110S)1.:1 


s a 
result (If tft' gradual c\<Xltion of inoic pt ,rttt tntagontists ,as ()in work 
Fprogressed, our model ('olliolintds have varied. We ilitially i'std [!)-p('lu'1)Phe",I)-lrp ''j-1l+lRI-I as a model, reported bv \'ale anid Rivicr to be fullyN
active iii the" rat atiovulatot)v aissa, attthe lcl ,)f250 periammiil." ()ur
mostlrect'i psenfdopepticfes have been based on ilie highly polti ;,Iliago)llist 
!.\t-(;',l)'lp(:.l-Ihc"e.l)Tr! i-lHtRI , whihvi we eportcd he Ictiveto t'iii\' 

oat the 2 5-.g lperat levl an(d higly at tive at 10 I'g pel rat. In ad(itiOn to
tihe a iral (GIN. +'tofdiicatioti---tseflifor s'vitlicsis f N-ittinuial antid blond 
rcl)lactullilts-this structir. ctrltai s the aci'iitv- nlhaning, N-ternitlal a(e
tvl aitd position 2 l)-pmod-cloir ettlw lat l ntotificatiols repotted by (:hall
l;itbasavialt ,uitd StewaIt' and (o,'" rt'sl)cctivelv. Tlhe pottntial utility of this 
simplified antagonist is detailed later. 

"he sIl'tI('S illFigutr 3-i ate this rclated (on a logaiilliili stale) to the 
I )-p(;hJl.Dp)-l'h.Ii.l 1-I1.1 I I strt tire (relati\c allilagolist poteci: =
 
hI F"illt" 3-5 II )il).t-t', thi(' Potpolemits of vrityIn 1'al" vitl \i fpseldo,ptuptilft with :\ -( d%l.I)_p(-lie2,l)- Ii "-II IRII, vlhit hIis ail pt<oxiiatelv
 
.-M-bll 1 c ,n tIia1 jD -pGIi.-lhc D- Ilp'',l AIR llin thi dispersed
t11 . Iti\(.
F'ittlitlil\ , i'll( tilttl ct t,; t 

Ill gt'tIil, tll olIile 1IRII ialolgs (Illtaiillng tIle 6[Ct,1"1Sf link lawt' 
piIo\t'il t -Iillghlv aictic I ;'l ibUt ilti(lit' its iiitio\u liut>ii"Httd thati the"hcftjio i ,d~ftIctst" tollll udll~ N i itnts In VI'.O. WCs ()IltI Pl 'i~ts' ail\\\s ( hailaltltri 

i/t'(f by itlc asd lil)<p~hllic itv, itst'xpected rot.)liiitilt t lart ainidt'
 
)oild b\ in' iiuliillli 
 biologic.tl aitivil 
\Is rtilliniN(eit of he Ink 4I crii ii st't'n btween in v'J ili i 'I '(

I.,tilts for I t fllthrelatively lipophilic sciit's ill which 
:ct )-p(lui gouI of' 
a se' i's (f ilitigolnists was r('Jl1cetd I) al\i c, l)t'.lt hcIit-l).aIXy gi(til).2 1I, tinls 
(.1st,. the aillidt griol) lilt cyclic pyrogllilylv riitg is formally replaced I 
;aditiclleii. (CI ,):11Igiltp, also represetil it colsiderable ill(tease ill 
lilboplilicit. iFxit'llsive biological (fariitteri/,itiolls (f Iohfse tiiil)tLol( s re

t'ialed tIlt, while tht cvcloe)tnilyilirhoXyl siruttits weret ilictiv'e whe l aid
illillistercd via a snulatni llsijicctiotli, lteSe Sat; anilogs wete active in 

\hl'(wht'i ;idt iliiistered ililvia li lslv ill llt' ille tat iiit Ill t' chllPall
/cc, illteiiils of cotplett'lv ihliiiiilng 1.11 releast' in thest' i odtels. 

'Ifl't: It'sults (ill Ie untidt'rsitood illt'rlls of iillfairel absolrptioit if tle,,ill(< tinc." lit. tbt'ollid the'(re't'+ot optimaill soluhility iiillt l 1,ilisil) [ illlia

iioil. I fict. ill of the LI IRII pweiltoplt'lide nlltlgoniists are c(llsiderafl)\ 
lifre itvt'l (Iii rletse phalst' IIIT(; thlai ailiVot he( oirespoldinlg LIfRI I 

agoilisis. 
These it'silts thus ]cd toit' s itelh'sis Iof a miollditld groiuil 1.11R ail

alogs uonlttilitg thit' m 1 l ii iililicle bond replaict'titi., 61[(;I-LS0). We 
reasoied thlat the'st' sctliiiies shoutlld possecss hfie virtues of c'it/,lxnalic stabil
it', decreased flexibility, and uiilil-C\'( solubility chiIr.ictrisli-s with II PLC
reteltioln tiirts virtually idciitiil to Iheir ;tlli(dt' (ilt litparts. If thest' Cont

http:biologic.tl
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Antagonist: X1,y 2 of [Ac.GIylDpCIPhe2 , D-Trp3.6] LHRH = 1 

EX I,y2,D'Trp3.6]LHRH 0.001. .01 0.1 1.0 

Ac-Gly 1,D-pClPhe 2 

Ac-Phew[CH 2 S]D.Phe 1-2 

Ac.Proqj[CH 2S] 0-Phe 12 

Ac.ProWlH 2 so] D.Phe I-2 
Isomer I 

Ac.ProHJ H2S]DPhel 2
 
Isomer I
 

AcDPheYFH 2 S]D-pCl Phel 2
 

pG u-D.PheW[CH 2 S]D.pC1 Phel 2 

Ac-GlyWKHCH 3 S]D.pCi Phel 2 

Is.mer I 

AcGtywtDHCH 3 S]ODpCIPhel-2 
Isomer U
 

Ac-GlyWJHCH 3 Sd]D.pCI Phe 1"2
 
Isomer ]IF J 

Ac.GIYWJJHCH3 SO]D.pCf Phe-2
T


isomer 1 ; 

Fig. 3-5. In i'i(, ;m)tiviicst it 1.11 RI ,Iiitg<J t.,I (Jot liig reidpi eItCa c lleelts at
po(sition 1-2. 

poull(Is retained their il (t'io; activities. the in iVo restllts shioild )IOVi(te acear test of the lilpoiphili(itv hvil()tllesis. lowever, as Figure 3-5 in(licates, thu
sulh ixide dcriva',ti.s iave Fro>ven (olsiste lvl less a(live thtan their 4[CI-I.S] 
precuill-sors. 'Ihe (flhtlnluiu(ls were also iltactive in (' ,Obut this .ul(1 be readilyutn(erstood0 allot illticip)lt(a( trioi thiej in ,'lio lbehaviors. 

With tilt- hrltatioi of ;ulhxi(,es callt til ittriguinig prospect of conltrast
itl tIlt hiologi activities of stitl(ItII('s that col utill a tlurttl(enter at the
Ic, lac(l ;Iinh(le site. lhem. t(ol poltils are antsig tilte first of i l tuw class of
stiiltiures--tlirial alitc lbn nd repla(emets. Fturthermore, sitMCe silfo0XidCs
are" toi f iti)ui lv stable, these (otm1pou lds should provide at test f'or
,tt'~iech,'itiicalll rmeltled *(ti\ itv variations :, pairs ofd(liastereomeric analogs.
litfoIrtIItelvh. th, omutpa-risoM) %.'its reil(Ite(l so it',hilt less tCiteanug'ui bN' 

tile (lisa lpiloitting ill uil isults. Moieover, at this linit lo l)oltte stereo
lietitlal assiglelts or itY oI th cliril sulloxi(es can b ilia(e. Never

theless, dimffertnCI(s i l)l' \v ie(dtweel the sitlfoxide lie,.i ati haveanalog.s
been o tlserved. Fllit'l-,it is illterstiug to teIthat, ill e(' l.case tested thus 
Ear. the lore potent ,ctivitt is seeni 1()I- the 1(.!,s lipoplili( isonue'r. 

Attentio ti was tuext shlifld towardI the S\ynthe'sis of still auother (lass of
clhiral lluide tli(l rte)laculuielits, those iii(oporatitug t tbl(. l(11ISJ linkage
with all ;Isltletrio arbon th I)'t1,l'>t t tu lociaibonll l position. These analogs
were also l)tt-lelrtcd inl the foriu of pstitdodipeptides and incorporat d ;as 



TABLE 3-3. In Vitro and In Vivo Comparison of N-Terminal Chiral Amide Bond Replacf ments 

N-TERMINAL AMIDE 
REPLACEMENT IN VIVO (RAT) 

IN VITRO' 
RELATIVE POTENCY 

Ac-GIy[CHCHSjD-pCI-Phe' -2 
510 (250 fig) U.11 (0.5-0.25) 

Isomer I 
Ac-Gly,[CCHHSjD-.pCI-Phe -

2 
7 10 (250 rig) 0.089 (0.5--0,16) 

. omer I! 
Ac-Glyi,,CHC 3SO]D-pCI-Phe' 10/10 (250 tIg) 0.017 (0.009-0.033) 

Isomer 11Sulfoxide I 
Ac-GlytIC!CHCHSOJDpCI-Phpe ' -

10 10 (250 ig) 0.005 (0.0028-0.0093) 
Isomer II Sulfuxide II 

*[Ac'Dhp',D-pF-Phe 2,D-Trp6I-LHRH 1 (IDR,0 = 0.008/1). 

A
 

A21o 
Sulfoxiles 

B 

Fig. 3-6. HPLC 
separations of the 
partially oxidized 

diasterconieis (I and II) 

p(]- lhe I LI)-Trp ' '
0 5 t 20 I RH to their c 5r0lC0()Ionding Sulfoxides 

TI ME (min) (¢[c-t:ti:sr]). 
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protected 	"-,t1-oi I( aCids.- Ihus far, stlitfcti rolutes asl\ beell devised foranalogs of the ( [(fIR 11lt:S]X variety. and such ttipeltildc anlogs its
 
(;lyGlC(f Il
:iltjs)-lh. (;V1[( l(;IlSJl)-lhc' dnd (;;li. (:l lD ;lv

have been i)reparcd. lii view of t leoteut activits of .c-(;lvl ).p(I -lhel)-

TI"''-l.'Jl l, 
 tit, sVllllesjs of' tile N-teritiial modified strutiturcs, -R" 
and "S" version)Is f l(] I f.15;1)-li(:l-tw-' 2,l)-lt "-I.! fRI wasc-(lyl:[(!
ctitl1.1'(d out. 

As seen ill Figure 3-5. thI II:1,(S) i'ialogs have ) \ell to he anloig

tile llost stl(ccsfll of 
 ift' vari<otls sulftur-futsd aiunide bond rtiliLerttetitS tIhUS
 
Llr. Ill both ilte dispcrsed-icfl anditclnipituiitarv ',iavs.these (olilpotill(s
 
were 
 NirtiuuIlk as ictive ,Is their aillide coUtttlti),its Ill Itthes, il zilr; systellis.

Flurthermo'.>re. these we r, the first 
 of 	the I p.l-Xfl) d(opeCtide analogs to 
exhiIl 7 '1!, aiti s'utAItII ,Nctivi.V. although ,'oe agaill, tei iI ciol iv'pt. i'cs
 
w(c (Otlidherabl less thall ,fe wroutld cXpeCt (n the basis of Iheill vilr
 
resIts.
 

l. two (li;istct()ll(trs I(fetcd solltwhilt in their activities (Table 3-3). In
 
eaclh cIse, t It less ipopltilic c()tulpotllid (by' II PI.( ) wsit ore pott Iftw
lll. Ise
qif[(:l RI *SJ analogs are oxili/ed to thcir suilfolxide co iltcparts, tlt'i +wouild
 
be fout new disteteititic prodlts. lv st.l);lratiolt ol ite pair of'
 
1li'.:il(:I 1 S1 isoti(I's I(l se'ilratte oxidition (F.igure 3-6), 
 it was dletrniined
that ll' (Jtter] ,itld iir purs of peaks cotrespotnd t( tihte ttlihl is tlies I
 
and II, tlespc tivelv (a1gail lalltl ill order ofI I PL(: rettntiotn tiies: t1 < ll

with k' of ti.3 md 6.6). lThus far the itietl sulfoxidc pai II' ,and II" l1ise
 
beetn testlkd Il~id thei rtelaltv I vilo activities lreeal the saillet deptiCllt.

(on .'. 'I he ttiiil ofI the silfoxides being less active thall their t(hf(:Il(l I(lSJ

pltet ilSos Is rcel)e;tt'( hrete Ne ithter of these silfoxides sll(owed any it z,vo
 
a(M1~it% at 00 I g petr rat. l (lls poitlt. it c; l)t he ruled out thal 
tie stiffo xid"(.otll I-eptest' it a less active ictit;atolitc leading to the dispiutitv with 
tile 	 ill N'tl, Cxp)( titiOll,.


[Ie twI 01 A,(l I1 .S. k_;Onerl( of 
 (ll(I iSIll)_lp( :1ll2,

)-r )i ' ' -IlIRI I wt.,e also tcs~ttl ltr tl'itr alility t inhibit the 1I fRI I-II
 

resJ)pollSt ill it11i1Mi.t' c filllit ralts 
 (Table 3-I). 'ihe llwte lijrophlilic isoilier 
was lgaill sotltewhlm less I( ti%(, but bolth (ottll)oilltls e.ffcctivclv inhil)ited 1.11 
releaselt l tilis Ii 1,7n svstetll. fIh Ianlleod (if aIlilrtlistahll was by I' inijectioni; 
as with 1)1t.\iioisls(liissed (vh(lottllyhalrloxylio((iid detri\atlives, this fitid
ig is(oIisisteill witlh illillt-tid absorptioni of tll ort lipoplilic alnalogs whcil 

TABLE 3-4. 	 Inhibition of LHRH-LH Response by LHRH Analog
Antagonists in Immature Female Rats 

LHRH ANALOG' 
 P VALUE
ANALOGS 	 uig IV i±g IV LH ng/ml SERUM :!-S.E.M. VS 2 
Control 3.0 	 -0.5 <0.001 
LHRH 	 0.1 0.1 26.8 -1.5 <0.001 

,[Ac-GlyDICHCHS]D.pCI.Phe
D-Trp',6 -LHRH Isomer I 0.1 10.0 7.6 -0.94 <0.001 
[Ac-Glyt[CHCHSJD-pCI-Phe - ,
D-Trp', 6]-LHRH Isomer II 0.1 10.0 10.5 	 "0.95 <0.001 

"LH.RH + analog injected IV and blood collected 15 minutes later. 
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given by tie mliore tr-a(liti,! ial suICu,talneons adnllitlistra tjn. Yet these cornpoulds (h ,lplr to be active Vaniide b 	 tnd rcplacenletits are i, lv ' Co l l 
injection, suggestitig again that theailile with receptor rc<ognition and 

binding. 

CONCLUSION 

Varios methods aire available to the synithetic peptide chemist who desiresto 'eride i. p lypeptidtes mo0re enzv'niathial 'esistant. These include: 
I. 	 (Ci forlmationally restricted analogs, rendeded less ainenable to interactingwith enzymes )olvticlblyic t<oiilpit stiiclcttires
2. 	 End-ginnlJ lifiel pttides ii:lu, dKhinlg liqr.ogltitaniyl, acetvi, or deanino 

stru( tMiies 
3. he "se ofl ini peJide ternplates to hol esseii t ial message elements of' 

the hlrnione i rehaively gid, receptor-,,tive configurations. (Morphineniight be cMIsidered a nllat ially occl-rin example of' i odified enkephalill uising this ,apprr ) 
e4. 	 edh.nUse of pelptide )batklonelinodifcations.
 

Ilk, '(iisidclra.ble work by iniaiy g-oup,s 
has (eniost ratetd, the latter approachis a viable aid fruittl ()i e ill inian, instances.01nc ifilll-tailtbilil of 	 such Stulies has been, [ile detcrnination of possille llrtntionial lroles 1for. leptidc backbone elelinetins, carbonil )xygen andaiiiide litlio>gel. If ilv resilal a(livity is discernled lor all ainide bond subjigaletd to replacll'cneln this repr-scritsa strong argunellt agarl aitfunctionalrl). Ilshus, ill 1ir II IRII allalogs discussed, it appears iunlikelyor 	 that the 5-69-10 illlidtc l(,buuls are essetllial forn activilv. Ill 	 tIh cas, of tlie antagonists,th I-2 ho rid i, likcise quite lispentsable. (6inIhe oter hanld, no such conillsior (an t)w readied I'mifthe 6-7 ainiide lomid of either, agonists or antag
oniists. 

'\iiidc l)u1riulplcil~clrelits liiighlt also Ie (of' bellfit where it has been estlablished lia soiic tnii, u.s lilmaacid tlhat is irliil.rtant for potency mliight
flt-ve I-[ llt(,.,s prove toxic ill its hvdv,e]v1cd 
 state. I is quite conceivable that
tile )iteluv tiuight be retaitled, arid (l'i toxi(itV lieiitralited , by ilntroducing
tile side i:laill il the lwuii of a lpseitlodiltidte, which cotuli not liberate the
lial 'ml;f l frnee allilo acid.

Anng LI IRI I ainadlhgs, a niuln),rof r(dno 
 amide bnd replacenients havebeen iicrl)(ralied within, .I IRII aal;ags at the I--2. 2-3, 5-6, 6-7 and 9-10lbmtIs. + None of th ,iiilnpousicsi' retaiedl inire than i-3%invitio activity.,z: ;ulahugs have been ptareia.d with a-carbonis replaced by nitrogen ateral residues ilriluding (;l-6 and (;Iv-Ilt; 	 sevtille a:a analogs (&fthe C-terminalFujillo iinllliatiol have ;ir aspriver laeatst potent as the ininodified coun

hIrp)alis."
Inr stullillary, the iulibei and variety o')I pepitide backbolie nlo<dilicationsate oil the increase. None of these has pved useful il all applications, buttieal'v all have showil, potential ill sonie instances. The sulfur-based analogsdescribed her,e have the virtues of syntletic ease a nid cnlisiderable stituctural 



I 

versatility. The methlvi-substiluted analogs t[CHCI-i.,S] have proven active inIiz,o illat least two systems and offer prrmsise for"more successful applicat ionls.
Other posit ions within -IHRH agonists and antagonists lend themselves wellto 	introduction oIt these replacenents, and with further examples, the true
potcitial o)t promising approach should become

+ 111s more evident. 
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Contraceptive Effects of Recent 
Potent LHRH Antagonist Analogs 

DA I'Il I. COY 

M AR) V. NEKOL4 

JUDIT ERCIIE) )I 

ESTHER J. (OY 

ANDREW V. SCIl.LLY 

As ai'esuit of lile 'elrs of intensive analog work (which has recently beenreviewed""), IIIRIi has undou tedly btcomet2 the most studied peptidefrom aI structuljr- standpoint. This effb'rt has been fruitful atoi. has alreadVrealimtd Imn.%of tiw goals origilally contemplated, including lietdistcovt2ry
of highly active and long-,.ring agonist analogs that exhibit good activity byiroutts oflhef tti );t'tltCIal, al(l the dev'lopment of efftective compll)etitivcinhibitors oft(t'1ogcnoul s LIIRII binding. It is il the latter area that moststudiessllthet i l are taking place. Although tiewly dlevelo )ed antagonist avialogs ar aitalast pmerft lcnough to allow pharuacologic and clinical cvaluatiotns to protced, mm11 imiprloveluelnt ill analog properties is desirable.
The rapidl p11.sgie tlat has resulted in cffect i'e in 7ino antagonist developtnltt begal wilh the observation thatt DI 2 J-lHI II, was a Lir betterailtagotiist than prcviously,derived tuolostlbstittd dlecapeptides. " Further

inl-)rovetnlicit.s were 


ai no~ll) lis v ]ifl lthe 


illa tmt i 0 'n1'(i quickly achieved by mnaking use of 1)
;~i(d t-titl flit-( position 6 f 14illconjution with T)-i'his work iesulted in tit 

RII chain (Fig. 'I-])
first demonstrations ofvirtually comiiplete inhibition of the golladotrojpillsurges illcycling rats atndhalsters using multiple doses of 2,I)-Aleu']4lIiRI I m-lqIi vnlircovr theafternoon of prostrus and, mote impottantlv, a sitgle dose of' the Illoreactive [.)-lhl 'h,)l,t2,Fl IRI P'' given at 12 o'clock noon ol p-oesttl+s.In rats, complele lowkade of ovulation was achieveld. The rat antiovlulator' assay has bc l the standard, highl+lclreproducible lethod forevaluatingnew compounds and has Ihlus falr gi\'en more realistic and useful dlata thanlcell culture ol, inorerecntly., rcet(or-binliting techniques. Furthermore, aswill be seell later, atvIties illtIle rat have f<rttnately extral)olate d towell 

other primiate anl hitmti svstctlns. 

Much o thislc.u as udcd tom N1ttWai, NICI[I) ( ntrac il1)-(-2831. 
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pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly.NH 
2 

1 	2 3 4 5 6 7 8 9 10
 

Fig. 4-1. IiilRI! ainou acidl sequence. 

Subsequent generations of LIRH antagonists have nmde use of several 
other key modifications, notably: 

1. 	 D-'I'rp illposition 38 
2. 	 Chain branching and dinterization through functional 1)-amino acids in

p,,sitioll (j7,1 

3.N"-ac.'l-D-ainrio acids, particularly N-acetyl-l)-ihe, in position I 
Many of these apl)roaches have been used in corulinar i o. Cerairil the most 
dratratio increase in inhibitory activity of late has been the result of incor
poratirg 1)-pCI- Phe in positioi 2.Y" "Ihishas been fuid to generally increase 
activity In about a fictor of ten (iver corresponding I)-Plhe'- peptides. The 
hext section describes sorie recent attern pts to improve upon the biological 
prpcrl mes of the most imlportant nieniber of this set of peptides-[N-Ac-D-
Phe l)-p( -I ,lJ-TIrp:'iIAj-l1R! I whkhb is fully active at a single (lose of 60 
Rg in dle ;"': and which suves as a con'enicnt standard for comiparison. 

RECENT APPROACHES TO IMPROVED ANTAGONIST DESIGN 

(iven tie consilerable ef'civeness of pl:1 substitutior oii the benzene ring
of certain I ,ialo gs, it projected that other substitutions mighta)-nlhe was 
prIve to le even more effective. 1 nforttnately, this has so far rut proed to
t)e tile case. Early' studies have already shown that pF and, particularly, pBr
substitucns vere iniferior to rihe original CI atoin." Suibsequently, in Table 
1-1,- ieither 1)M,c p)li, r IIN F grops were beneficial. Likewise. the sub
stitution of (I at cither if tile other two ring Pisitions gave no improvement
in activitv' over the simple )-hcie pept ide. ( )r tine ither hand, ati i-Ne-grlup
ap)pearel to Ile sFghtly ierieficial. Thus, perhaps a 2-aMe,,-CI-L)-Phe 2 analog
might have interesting iropertics, although the actual synthesis of'tre amino 
acid would b tiue consurnming. The 3,l-dichlhri'petide was almost as active 
as the p(I compound. A lar ger aromatic ring system in the form of the indole 
nucleus of' D-Trp resuled in an inactive peptide. It seems clear, then, that 
the electronic aind steric requirements of the p-sulstituent are extremely crit
ical and it may be imlssilble to impove upon the unique propert ies (if the 
CI atmi illthis type of analog.
 

2
Since the iorist actik e of tile D )-p(I-Pheattilfgs initially contained Ac-D-
Phe ilr the first position, a srmilar substit lrtionstrategy on its benzene ring 
was also carried out (Ilble 4-2). It was sion lotnd that pCl resulted in a 
twofrold improivement ininhibitory activity over the 1)-Phel peptide. Para-Fwas e utally effective he larger nd Me 	 less so. Thebrt Br aoieties were 
presence of a more polar () I groupI ilr the 1)-Tyr comripound resulted in no 
ipm'vemrnt. The most active in the series was the Ac-I)-T[rp peptide; it is 

clear that the size (if the amino acid side-chain is by io means as critical as 

http:pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly.NH
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TABLE 4-1. Effect of Some Position 2 Modifications on Analog Antiovulatory Activities 

LHRH ANALOG DOSE(Lg) RATS OVULATING/RATS TESTED 
Ac'D'Phe',D-pC1.Phe2'D'Trp36 31
Ac-D-Phe'D-Tyr2,D-Trp 3 

31 
4/11
 

10/11
AC-DPhe'D'pNH-.Phe2'D-Trp3,D-Phe6 6236 9/10Ac-D-Phe',D.pMe.Phe2 D.T, p 31 8/10Ac.D-Phe'D'o.CI'Phe'D-Trp3" 
31Ac.D'Phe'D'OMePhe'DTrp6 10/10
31 6/9Ac-D'Phe',D'm-CI'Phe2'D-Trp36 

Ac.D.Phe',D.3,4.di.C.Phe2 D.Trp3 6 
31 11/11
31 4/8Ac'D'Phe'D-Trp23'D.Pheb 125 9/9 

ill tie seconid position. In related studies, Ac-l.-Plie was coi~side rah,)l lesseffective than its l)-isoiner (1()f, blockade of ovulation at a 3 l-p.g dose).The net ilcrease ill inlilbitoty ati,vity was achieved b) beans of' yet lother I)-anino acid substitution. Although sonie alteratiols to the (;v'-NI,,Ljresidue ii IA.IRII have produced superactive ,,gonists, nonec had previouslybeen found which illiprovcd antagonist activity. Ilowever, in anl earlier serieso1 analogs, )-.Al;t-NL.'" present ill )-P"e2 ,L-1. ....)ne 1)-Ala ]-I 11RI]resulted in) retcuniort of hill inhibitotr activity. \,hell 1)-Ala was ilworporatled ilto one ot tile. m)orc ative selulces to give [,.\c-l)-Phe' I).V(;l.he-, I)'Trl;,I)-.\lai'-.It IRI I lable ,1-3), another twof'old inIcreitse ill activit\wasfound. A similtar t rend o(( ilI'ied ill A-)-piCl-Ihle ;111d Ac-l-lip' ip tidlesovIlt.oini lI)-'la '. lhesc tw) analogs, which gave significant bIlckade
)vulatrio ,ii 5 -fjLg ses CIable .1-3) represent perhaps tile most powcrfil

of 
I lRI I tagooits vailable. sonie studies were also to)egun elucidate tilestrul turil requiecleeits of the positiol I residule ill in1hibitorv analogs.WC prc\ ioislv Ilto<tcd that insetlin of I)I11sei 'Hon -Pei t1 into ) - h.II RI I piodt(ucl it substantial los,,of ,octi, its.' Iil tilte ptsent series, a l)-Sec'a;nr;log was (ttlite ;activc, whereas the 1)-l i peptide was virtually inactive ata 15- Lg dosc, which indicatetts th,t side-chtiO brianching introduces steric

pr{oblerns. A l)-N-M-Ali analog also had utuch diinitished activitvN whichwas expectel i ew t
fdthe loss of +ictivity experienced witi an earlier 1)-Pro"' cptide.7 Slpatla and .,grwal ret nlx rcported that Ac-Gly at the N-

TABLE 4-2. Effect of Some Position1 Modifications on Analog Antiovulatory Activities 

DOSELHRH ANALOG RATS OVULATING/
(Rg) RATS TESTED 

Ac'D'PheD'pCl-Phe',DTrp 31
Ac.D.pCI.Phe 2,D-Trp3e 

3/1)Ac-D-pF-Phe, D-DC-Phe 2,D-Trp " 
15 

4/11 

15 2/10Ac-D-pBr' 'PChe2,D-Trp3
Ac-D'pMe'Phe', DpCI Phe, D'Trp6 

15 6/12
15 4/8Ac-D-Tyr' ,D-pCI-Phe2 D-Trp 6 
30 3/9Ac-D-Trp' ,D'pCl-Phe2 D'Phe" 15 1/10 

http:I)'Trl;,I)-.\lai'-.It
http:I).V(;l.he
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TABLE 4-3. Effect of Some Position 10 Modifications on Analog Antiovulatory Activities 

DOSE RATS OVULATING/
LHRH ANALOG (gg) RATS TESTED 
Ac-D-Phe',D'pCIPhe2 ,D'Trp" 6,D-Ala' o 

30 0/10 
15 2/6Ac-D-pC-Phe' 2,D-Trp 3,D.Phe 6,D.Ala'o 10 0/6 
7.5 1/8 
5 5/8

Ac-D-Trp' 3 D-pCI-Phe',D-Pne',D.Ala' o 
10 2/7 
5 5/8

Ac'D-Alaa,D'pCI'Phe',D-Trp',D-Phe6,D-Ala'c 10 9/9
Ac-L-Ala',D-pCi-Phe 2,D'Trp-1,D-Phe 6 ,DAlao 10 9/11

Ac-Gly ,D-pCI-Phe,D-Trp 3,D-Phe',D.Ala'o 
 10 11/11
Ac-D-PCl-Phe' ,D-Trp,D-Phe',D-Serl ° 

15 2/8

Ac-D-pCI-Phe -,D-TrpjD-Phe 6,D-Leu' o 

15 
 8/9
Ac-D-pCI-Phe' 2 ,D-Trp",D.Phe 6.N-Me.D-AlaO 15 10/10 

t(iIlillll.s %s all cfIC(.iv t llodificatioil despite the absenice of' a side-chain.1 7 

I nc , series, it was c(onsiderablV less (.ffecti\'e than l)-Pleil( the I)-,\li
 
oII its a. tivc iiig-substtittled derivatives. likewise., neither 
Ac-Dl-Ala' or l-
ALt I anlalogs (l',lJIe .t-3) were sigiificaittlv activc ill 15-i.g dioses. 

'I sillt in psitioi 5 of the I.IRII Fti(ie '(.is on (oI the illajority of'
iesilies t11., h,.c thus ill- not bet'-e t<)dific(l to aIdvaImtgtag in either 
agoillst ()r Ili*Atagonist aa;ilogs. Table .1--I shows so.tv(.Il analogs )ased on a
I)'lhhrR,)-hrp)'J-lJ IRII staldardIII which vaious hew filt+ilge.s have beel 
I'tdI" I;) I Nr'. Nltta-ixir has all ()I I group shifte'd firot the p-position; this 

l l IIIitte( tc~. I on bio)logical ;1 ii['itv. ('lll alulg waz t ,,.'d ;It a 2 -tig (loseill Md-ir to (-I., I.Sate tlo the presclltc (if tie ilia( live )-i-Tvr, peptide.)
%iiilail,, +sluhvIionof a Me group aid.ja(eilt t toe (.)01 group was also 

i,ihli,t tW(I-ll Il(I. "ctrafhuorotvrosil- (F-ivr) has n ()1 ,0I whosegroup 
,iitv h i o r(uscd tlo arotllld that of ,1 tarlboxyi gi olp ecaitis. of tile str(),I g

tI(( [I -ol-lid iiwilg flicci ofI fo, Imoatolis. Its presetc ill pIsitionl 5 created

loss ( I alliitIl<llt l 1 activIty at a l-luig (hose. Antalogs it) 
 which the ()11 group
;as Itpla(cdI hb I I ( I Bir, o1 in wvhi(h Ilt its.(if, was rpchlaccd by penta

flloropillvla;Iiihitli- (F.,-iihe) were itlactive at a I -lug dose anld are, thte'efor-e, 
e-n Ie's' ;1(live thanl ht Iluh,e ;alti(og so that all itlt.as il lipophili:ity at this 

TABLE 4-4. Effect of Some Position 5 Modificaticns on Analog Antiovulator/ Activities 

DOSE RATS OVULATING/
LHRH ANALOG (mg) RATS TESTED 
D-P--3 2 

6 D-Trp1 
1.0 2/11

D-Phe 6 ,D-T',n',D.I-m-Ty r 2.0 3/9,D -T r p ' ,D ,L. 3 .M D-Phe2 t .T y r ' 2.0 4/9' D-Phe ",D-TrpF,-Tyr' 1.0 5/5'D-Phe2 ,D-Trp',pF-Phe 1.0 8/8
D-Phe', D-Trp 3,pBr-Phe' 1.0 8/8
D-Phe2 6 ,D-Trp',F,-Phe' 1.0 8/8
D-Phe2",D-Trp' D,L-(x-Me-Tyr' 2.0 9/9 
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p)OSitionl caililot be . ollte(l )11AlIeiratiozi of .ile( asvillilleltyjct e f,o~iL isal1so detnerirclal 14 1iolYat~tto iill(:ctile .liiiceactivity a wa iiii'Mt tile (los(s tested. INild1() 

SYNTHESIS 

ilie silid -pila'se 5Vi ii Ilesis of' 1.11RIii iiitagollists-eveit those co)ltjjg(or,~ oteh~iilt5 )~ ~~CS le:aid-sellsitivt'wi liJ) residlles-pJjiellts f'ewluills Ill tiCll1S of thc Y'iel(is Jlo1)
of (lesIlei.( i1,l-iails.

(ticrlstis of 
h1) ,ectiliar soluibility char.ile( allagolmsis (1o however , IMiPOse seVere Colst railits oni 

U11t11 It4cil, ehlii )11) Scp)Ia(Iex G-2.5l)V silu~t gel 
ill 5()'/'( aciuii aiid fllow~ed(Illioiulatogvapfl ill ethvlIieit:)lij(:(.

12)5 acil:watcer:3 by MoLuii1c) was ilIc(jpliai 1 4
m4 ;t~Ia loillogcIleoi.s piodlict. Thleea\sClui gi l c l ~e ( i l ~l o bi i t v ;iil l

solvenits 1lii1C 
v l I ls ( 4l 1ibl it y o f ilitc p ept id cs ill o lga lli (.I(koiptioii (Iill it~logaphll~ iilcreasiigv difilt iilld ililfc-Cti~c. FoIi ililelyN, the re(t tvailaliMt ofI Inltermledliate' II ICbulk ait zea:,oli~lilc p ')11c' Ilis 

jackiligs Illiiladle possible [lie d(delilihll of hilc rt~velrse

i0i1)sc ) monpuified onI (ollitllils ofI XWhatmni
slict), %N~I ItIl ( ;.-l4)4l1(ltul ORlit. 
LRP- I (13-2-1 paii picic


A\ bilf le(1 SYSt('l has lbeenl (l('elopjedl wh~ich,
11111c pc~ollk mili(Il sSic*l,cpo~c

11lIiilogs md-X ('ilsltes hig soluiulil N of' tile.11 lit iesollihIoti. Ihiis ( oilsists 0.\of,(X miillhfloii I iminl 25'i ;ii'( cltct,u id as tlle .tq(1('l (ollpoliei with ile(apliittioln of var-iouisliergrathjins of ti-pt opaliol.

Figuie .1-2 sho%%s 11 ielpiescl]itic c'liii 
 lofilc obtained %%-ithl30Ing (&f 

1(1m11 pilt'(l at a late.cIelmo'. pressuire oif ab~oultbilu tthl a b h igh 
A0 pounids per squarde inc(hIn.lflow% I.,IIt, it) toillplit' Illct'11 ill*eIRiAll11%, jilist ov'l. I hour1.Ilic ( le pcpridvS. which have beenl prt'vioiislY partlially purifiedonl Seplladv'\. gVe Milor jItAks ((lIdilliIg iiiaterial whlici is pule liv illal'.licalIlITI Luand flhitl11%. hllowia~tugri-Y (IL;). (Thtlialiij;t'1lleigiiug 4 145 1 j1 ill those peaksto) tilt' llilo (0111 jiolieilm1i

tlilhouLilI mo 
slally lil-irehv recsolvech by '1C,fat it leASt mttlc of11o)u11 fo111 itgilim- ILdii 4)bseilvdblc St'hIatio. 

solv.ent SN-ttil5s gives'I he( illaxillmill load for- tis Sue( (if colulllll w.ill varyM( oiliil(. I() i11lv (11111( [Illlo011114 5(Iaiatioll l~((JllIcd. W~e hiave lo)aded' sev.eralgiant11s 4)1ttt11,11 i'li I) t) ob)l %tivll( loss of, tC5(iojlljo~Il. 

RECENT PHIYSIOL~OGICA~L STUDIES

ON THE MOST 
ACTIVE ANTAGONISTS 

Iifl-11iiillo ()I i 114' ask ple. Siologcall potenltial ofI 
 1.H-RI I dltlagollists
vaI~l. )Iodititlital sloe) cs. uiitliitg pimiates, 
ill a 

but has has slowly beenl accullitilatingbeen IlIiilerecd vlich large (loses and short duirationls oi,eari1ly t4)llipo.ilhs. Ii how actionl(flhseemis safe to) predict thtat peIptides suchpCV;lPle, D-i~ ais [Ac-I)h1) D-I'lhU,I )-Ala Ij~lIf, which1 areR1 filly.N activ.e at sin~gle 



2.0 

42 /Pharmacologic Development of LHRH and Analogs 

1.5 

1.0
 

0.5
 

0 A. 

100 200 300 400 500 600 

VOLUME (ML). FLOW IOML/MIN. 

Fig. 4-2. Preparative high-perfrnmiace liquid chroniatograpihy of 300 Ing crude 
[N-AcT-I)-]>CI-P hc ,1)-Tlr p,p-NO.-Ih,I)-AI,']-LI.H. The colum (2.5 x '15 cm) 

coitaininig Vhatlnall RP-I C,-Silic, was elute(l with a linear gradient of 25 to 60% 
n-PrOI in0.1 m NI I Ac tode uip ill25, acetic acidI at a pressure of' about 50 psi. 

(lose)'s of 10 p-g in tile rat and exeit an inhibitory effect fir up to 18 hours 

after itlectionm, will etnablle l( St colteml)lated Studies to be dolow. 

"l'lc plruhtiged activity of' the new analogs is enc( uraging and is being 
investigatel illsoit (letail. In an extensive study using fmale rats, [Ac-D-
p(I-l-ihcA', 1)-TI r 1 ,l)-ihe'iID-Alatj-i 1IR11I] was given at either a 15-f.g or 150
.Lg (lose on variius days of the esttions cycle.12 ()Nid(utcts were examined on 
the moning of' thlie next expecte(l estrus and for several days afterwards. At 

the samel time, tile ability of pituita r'honmogetnates to) bind iodinated [D-
TrI P]-ll1l, l.a sutperattive LHI-fRI-I agollist, was also miieasured. The 15-f.g 
(lose was cffective iti blockinig ovulation when given at the normal time of 12 
o'clock noon o()itoest ms. However, this was primarily a simple delay in the 
cycle since most animals began to ovulate oil cliestrus i.In conltrast, the 150
[Lg (lose inhilbitcd ovulaotion throughl diestrus I and, in 85% of' the animals 

http:cycle.12


Contraceptive Effects of Recent Potent LHRH Antagonist Analogs / 43 

examined, on d iest rus II also. Indetld, only half of these animals had ovulated 
up to 1 dys atier il jection. When 150 I-Lgof the antagonist was given oneither diestrus I (Jr If. Ov ulatioiwas blocked on the following estrus with themajority oviulating oil (liestrus 1 3 to -1days afterwards. Although this prolonged blockade of ovulation at the Iigh-dose level might suggest ext remelV 
prolonged pituitary binding ,ctivitY for the peptide, the situation may berather more complicated. The extended inhibition producecl by high (loseswas accom panied b,i significant rediiction in pituitary LHRI Ibinding sites.Most strikingly, there were 90%,* fewer binding sites on estrus in the grou p
treated with 15(0 tg thaii in control animals. 1he affitiity constant was notsignificantlv affected from diestrms II to est Rs.Although ovulation was alsoblecked ol estrus in an inials receiving 15 I.g of analog, no effect on receptor
tninl)ers couldIbe seen. IIIus tle prolonged antiovulatory activity of' high(loses of the peptide is presiimablly directly linked to tile large reduction in
receptor nubners which, ii turn, presumaibly only occurs when appreciable
colcettiltiois of, the analog are present. I'appeairs that ovulation resumes
withont aii appreiable increase ii pituimat-v I.IHRIH receptors, indicating that
thcy are present ill excess in nomt;al allimals on pi-oest',|s. It will be interestiiig to deterinie whether the antagonists will exert a direct effect on testicular anio/r ovarian 1.11R IIreceptors and even IFI and prolactin receptors
ill a simiilar oI opposite fasiioii to tihe "Super" agonists discussed elsewhere 
in this book. 

R.tL. :\s i,*Il olLaboration wth(i us, supplied favorable dlata oil the illibitorv effcts of [.A(-)-irp Xl)-p( llI)_Ala,]I.HRlI itl various rhesus
monktv nuh.!s. lhe prolonged activitN of' tile atialog was denonstrated 
When blockadc of 1.11 and FS1l relea.,e induced by L H RI-I injections illool)lhl,-e(toi], :ed ailill)iS doulhl be acihieved from 2 up to 18 hours afterinijectioi of I tug of the anitagonist. The same dose significantl- lowered theelevated basal gotiadott-opiii levels in oophorectoniized monkeys wilhin 2 to1 lotus of iltjection. I lowe-vre, the maximhal inhibition took place only 12 to 
21 honrs later.
 

li atiotlh-er study again oophorectomized animals, daily II admin,iisg

istriatioi of I-iig (loses o'analog, beginning oil the day of surger', completely

blocked tile gradual iise in gonadlotropin conceintrations.' This rise normally'
begins 3 to .Idays ale 0pet-ating and ieaches a plateau from 8 to 22 daysafte-wa-ds with three- ntose1e C-foldcocentration increases l)ieoperaover 
live values. After disciitiiltiuation of the peptide treatment, both gonadotro
pils ro(se to vxpu'ctcd. elevated levcls inl a similar manner to control aniials.Fhe ef fiCac v o .A.-1)-Trp, 1.1)-p(]l.Phe2-,l)Phe+ 1)-Ala ,,,].IIR,-H in these ex
perinient s has allowed rhesus mtokev experiments to be extended to blockade of vulation in tuorziuallh cycling females. 

Although a-louis regimeis oft administration should eventually b.- examined, first attelipts inl which I tg of the analog was giveti daily from ldays 9
to 1.1 of tle c (Ie were dulite siiccessful. Of six aiiials treated, ovulation wasblocked coiiihpletel, inl1)Iit. and in two it was delayed foir 10 to 15 days.


Although prtviots st,,dies with 
women have indicated that several of the 

•N-1 s,)lnal(mmlmlall tlo(ll. 
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older anlohgs werec Indeed capable of Jprevelitig golutdl-ofpill release illlmntn1aiis,-' 1 the farl lower. (loses requlired I ith thc new ataigonilsts Should1allow I' u

fimid that IMNadinistration of 5 Inlg (ii I:\( -1) ile , pf 


suchsel I111ics to) bc greatk e xI CI ldl Ahread% ( alcz-Barcena hias
~iiIC2, 1)_l pI)


Aml'j11lRI! Iblo(kc(l file hi~gh 
 1-11 ad~ l'S1 Ilevels presen lit climiacteric
W0otuen for))11) to 18 h ours Aftlr itijeet IJolt.1' /ara~te2 f)ittll that the site' (lose
of 2A1-(*-lu '.)-Phe", 1)-Ahla)V IR I admntistered oni day 12()Il the ficersuttial evecle lOekedl ovultion, ats oletected bN- tttasurelenlt of'
gottaoiotropitt and j)rogestet-onleI levels, ill six of' miem ina wouienl. 

CONCLUSIONS 

'1.11 C .tpY.oI toi bc fcw sigInifitalit obstacles to) a hill evaluation of' IAIRH;tntagoiln"ts is irth (otrlloI agentis. Front at pr-actical view poinit, there is stillat great.I liced to (lvl tole attive analogs. Apar-t fIrotm th feCrtilityN cotrol
asp( 1.t, (.\e-Il the fniteIN available analogs ecouldC well prove to be of' value

lint tI eIatitietit of other cottilitiolls inl which at lower-in1g of' goitadlotropitt
leveis is dclsiIrlblc. iThese might inlclude pCostlcloiltlasall lohci m~ts.clidllCe
tios"i., 1)1.. tCCO
iCl s llbcltly, aliCI Sol]), Iltills ofI calloej..


"Iite,1tittiStIll 50llljiv lofci-tics of 
 thecse (olitCtlcids haveC l-tcv(.td at

Sailsf.C Ior ,
N oleioivcN Ssstem fr'ontl)eIng (IcS c~opcdf)C~.. llcl( Xf)clilltelits deC5(ri de~hereC weeC lne 1withl solion o etId inl llopYleile glyeol-salinle,
\\.nIl It is ntot lecal fol. illlit se. Many eI.Seatellers uise suispl)lsioltls of1 p~t.j)1icls litn (1 i, themehvN jtJoll iing ,()fiCC Jpossibilitv of (110 du(l) to te useof fnoliholmog(1cmios ilmiitucs. \fultt lil 11uaitla rcsciir( It is r-c(jltirecl tocxIcli(I cI1cl\ (C)tliols. ((ltai11l\, lCU11It p(CSSilhle approICadcs Ill]. designtingitiglils i tv V[1 CCtvil %vato!claICi cCICle milt.ligoiiits exist. lSk~ Isesrue
titll(-,I(livitv stit](hes C)I I(OItIlillt)S IC) iitIttilds'l andC giOsttoiltestIiol ;If)sCClpliml mcl p,)055tIc. Somei wCok almuig tltese lines his AltadNv bcgun illi ount 
labC ilol \1 
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Ever since the isolation and identification of LHRH in 1971 by Schally and 
associates,' ' l investigators in the United States have methodically atteil)ted 
to develop tile antagonists of this very important hormone for use as a new 
tpe of' antifertility agent. The first LI-IRI I analog antagonist, [ICs-llis 2]-
1.11R II, develope d by Vale and colleagues in 1972," was weak ill potety but 
nc-vt1'theless important in principle, the results indeed supporting the feasi
bllity of tie approtach. Their effort was particularly importamt, besides, be
(,dlsc of the wnsticcessful attempt to develop a TRI analog mtagolist over 
Ile l)itcctli ng two N'Tars. Sublsequently, in contrast to achieving the synthesis 
(if pontett 1.11RII analog antagonists, the development of only very wcak 'IRH 
anlolbg ant agonists has been accompfished.' 'The first report by Beatie and 
(Corlin and others demonstrated the antifertility plropelrtiCs of' [I)-Phe2,I)-
AI"] -1,11lR Ii I Ohen milligram amounts of' tihe analog were administered 
to spolta tollslv cycling female rats-' When tile same in assay' is used11o 

in tuirrlll r'search, the antifertility effects of' the current LI IRI I analog an
tagi 1ists are able to be elicited with only a few micrograms. 
A.sig tii,wIti aspect in the development of' LII RI-I analog -antagonists has 

bentit- lelage notin betr of structural changes that can occur while inhi bitory 
activit is retained. The early LHRH analog antagonist of Rees and col
leagtncs-[l)-l'hie'--I R!l-had only a single substitution at position 2.1"' As 

Appl cIt'll isexpiossed toI)r. Marvin Karten; and to )rs. Albeit l'arlow It the NIAMI)I)
piogiaml, NIII: G;ordon Nimwnder, and L.E. Reichert foir their RIA prepia;tions and prole-
Itiics. Iits w lk was slpprted by N1t Contrict N()-I) O-2833 and N1I1 Restarch (Gia s 
.\M-1I61 a id t1)-1277ti. We wisht m thank 1. joinson, .J.Hamra. C. Fisher, M. Yomiuug. R. 
lfIlIms .[fill(G. Washinigtonn their technical assisilace Pateek for- manusciiptprepfor and (. 
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reviewed by Ifijliries and associates, a Series oftetrasubstititj(ins fblhowe(l 

analogs with (It-, Iri-, orat positions 2§; 21,6; orand 6, sumtistthnt 1 of l-aromati anfino 
1,2010 At positiois 23

adds have beetithis has iioi niecessarilv bleet tht tnlost effitie:Itte at positiotn I, where I.- rathe.r than l)-aminoacid substitut io hav:e Yielded anltagoinists that sonetimetpotelit. Lveli l11rW s aret )nutch e(Bore(0n1ilJtlicwd sulle strutuillial relationshiips haveapparent with iecomlethe ds(.)ve.v thail I)<(;tlu ) =', Ir()p )ph 1 ,j,,j I 1 pr()duces less anti<)vulatoi- activitN ill rats than <;iLI-RII tile )revers.e is II tit, () the first position 1)<I( ;hil-.,stitutt(l ,analogof a very closely rel,ated Ipi (l., [i )<(;Iu I )_piwhich f2,ll ) pli I(.1,h1,l I RI-I,has onisideral)lv ilort, aoviilatjo r.1 attyh th i <lli(;',l I) .2,J) 
Ahhough a vatiilts if position-I sub)sthittlons haveteriniiial Illo(lifi(athon (dcs-(,I. 

li.eti eflective, tite C-Proc IIvlaIn ide) of'1.1-IRII lijjiilo and <ithers'' in tilealhilog agonlist,tisiall hi;s not 'been favorableantagonists. ill the 1.1IRI-I analogAlso, ill o(ilt ertaiti
tiliaiic(l hb 

Ii IRl analog anltagoinists is (lie activity1ie (h-etiliitl ACf-( hlv' iloihifictthmn.* ( o)y and (ollagwi-STrepl)urli thah e b hlav'elie .siuhisriition of i )-.\la'"N\., eiihiaints tle )otemlny (f 'scinl,atnialg aiItag m)istS.

As tItloitc(l Im\ l'ri.l,l 
 t (()-wvork,Is, aiiithelu diiinlsioin(if 1.I fRII inagi nlog <)iiis has eolved 

ill thie dlesign
lrotii the SsIcIlatic svllthesis (oIselt's (if anialogs wih it apr(),*clSi\cI\ ilucrca<l;ln,sul)siitlltti ,., nnl' of I)-anfinl ai(dIf is <Iol",+(JI r lith t this ocmilleli(, couldfIri) tie, biological re'sIts 

nit ie iet(licted(d ti( sixi, ilt lic(Iiat. atialogs s\iihsi,cl wit!lvar'ingitlinbln 'r', of l)-atiino a ( siul )stitiiions ;it positiotns -1. 5,that litc final tntiflog %\ ',;Isix )-;ilit achl 
and 8; oi

times Iliorc 
dd ,)l itit i)ns woul be abit(%l t %o( tive [halln fli, alrleit lanalog with oi)iv thlt.stitilions. l)-alniiio add sblllhc six )-;iilli(, ;i hl sillidslhbti l ;iltalo) is N-A(-'lh"ri-l)I)-Sei1'I .'hi t..;.l)_\-) §-I )-I)-tI.l)AI).'d.

be ilt 
Gk -Ni l.,. lhis analog tiavi. i'.taitt tmc loiIiiiol .ll (h,'.ait(l it, (1h51t"r aui,he(uilif .'v l)ta)tidledc that couldlo)ralh.
 

RESULTS AND METHODS 

Table 5-I (Ienioiisiral'.. lie Significanii
Ilit ptn fil( 

plogiess a(oinplishtci ill ill(ieasingtle 1.11RII iig aiziagoisl. over lhepast SeveinVlarS.in Ufiu 1.11 RIt inhibitory aciis'iiv of it 
7Ihe

1,6,1 tJM-ietii;isuliis 00l,( (lilies i(ateu thban l tiihied aial;ogsih( 2,3-dislibslill itedstitiillel ll i s, g 
analogs., it 2 3 ,6 -risubanalogs pohi icis Solitewhert. betweenactivity. Ilnhibilion tof ovtlliolt 

Ihest two) ranges of
it spoiiniso itOlus (v(ling ft[iileh Ialls is iowatcOnIl)lishit.(h witl imlk a ft';v iili(l og illis.Figures 5-1 tirough 5-ti, and Figure 5-13, show flitthe in relationship betweenillo ail in z'v'z (it iiv of 1.1110 1 analog aitago ll.sts in huilrsyvstei s. ilet*'v,.nitAs o(l rild t-Iec itihihition of the 1.11 RI I r_.S)oiis t was (letrltiill -.d 

, owvtis CV, o jlkcl' K. Iuil liht dalia.,dt(;li I1, Sdthalkl AV\ : iiii1 lipu ili t,(d dla~ . 
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TABLE 5-1. Biological Perspective of LHRH Analog Antagonists 

LHRH
POSITION OF SUBS rITUTION IN VITRO ACTIVITYANALOG DOSAGE IN VIVO ACTIVITY1 2 3 AOA*DOSAGE6 10 gg/ml rIg/rat
Leu Leu 
Leu 100.0Leu D-Ala 10.0Phe 6000Leu D-Ala
D-Phe 1.0Leu D-PheN-Ac-D-Thr D-pCI-Phe 0.1D-Trp D-Trp 750Az Gly 0.001 6 

*Anliovulatory activity. 

in 'ilhu using phluLtaries of 2 1-daN -old inmature. femaleaduhl atulr mele rats anl in 'iwoinrats awld adulh male C(llilyanzees. For thetheLII RI I alalog a tiagorlists and I.HRli were 
lier sIudIjs, 

respcs adniIiewas (jerj ized I' stered together, thereasuring serumitliltltes afel." tIe Ix 
I.H levels before and 10 to 30illjectliol ofr lleptidcs.was d('ter!Iiit(d byW cou'llting tie number 

tAliiovulator activity in 
tile C5O of ova shed on 

rts 
tios (ycle aftel" a1sill 

the, f urtl day ofe Sul(lCttaIleoispended ill injection of fheOil(iIi, Iel)ti(le,atInoon o itI)oCstrils. Resuls ofaii1e 
'ss

o1 llate(l I IRIf extensiVe 'itiunbeallalog l tago I isslhe restilts othe 2 3 
have beeI IepoIrted I)revioLsh1..2 .7, i-CrIsubstiCtitcd analog, [)-Phe 2show hIIIt tile iI 7,itro arid i. 7110 r'sults par-allel each 

o 
orther. The LI RI-
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Fig. 5-4. [(.: '.)I)1e2,)-Trrp h]1 -LI adill nta~ist adLSity in vitro alnd n vw~o.
1 less recorded the P values art <O.OO1 of I H RI (1) vs L +-Analog (A). Each 

result isthe mneain of 5i-I0() S1..!. (CtC(NchopeII,,Ie car'hxylic: acid.) 
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Fig. 5-5. [Ac:I'.Phe 2,I)-Trp"]-IHRI antagonist activity in vitro and in vivo. 
Unless recorded, the P VdLIes ire <0.001 of LHRH (L) vs L+ Analog (A). Each 

result is the mean of 5-10I S.E.M. 
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Fig. 5-6. [ )1, l ) :L r ,,9]-LI-r'RI I antagonist activity in tiro and in
1i,. 1'rhss Iecorded, the I'val,,ues are <(O.(, I of I RHI (L) vs 1. + Analog (A).

L Ii-s isthe"mea of 5-10tS ..
rsuhi 
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response was Coml)hetelN inhibited in vitio at a dosage ratio of 166:1 (ana-log:lllRII) ard in vzo at a dosage ratio of' 10(:1 in rats and 333:1 in chim
paInees. Ii addition, this analog Co0iiplttely inhibited ovulation in rats at 750
 
ig (Fig. 5-1).


Surprising it-stills wele ohtainied with the %crv 
 closely related tetraibsti
tired analog. c .1)-lhe-,l).t~heI-lIllRH ((Fig. 5-2). (pc represents a c ,clopentanie carlhoxvliR acid residue that is less polar thal the pYroglutaiic

acid residue ormallv pleseit itposition I since it io long r possesses the
lIctaii or carI)lOlvl group of the latter residue. This ( pui analog had essen
tially tile Sie potency in iio andin viv, in inhibiting the 1.1R-1l response
ill the rat ( lilnliparize iot (lone)asI lie coirespor(ing l).lhe2,lro1 ,l)_Phe,'].
IAI RI-I analog; however, the C(pc' analog was coillipletelv inactive in inhibiting

ovulation at 751 p.g and tile corresponding noi-(Cprc iatalog completely inhibited ovulation at 200 vig. In furthe- Studies, the CipcX1 analog applered to
be p,,orlY a)sorbed from tie suicutaneous injectiori site; )resurnablN', it wasthis factor that was rlsPoisiblc for tile inactive anti(ovilatorv activity of this 
analog.' 

Results in Figures 5-3 and 5-1 show a dissociation illin vitro and in v'ihoactivity. J,,i I RI! anld)eI).lrpai( [Cp 1 ,l)-Ie2,1)'Irp .tJ.LtIRH 
were equally effective iliinhibitirg the 1I1RH response in vitra and in Vio;however, tire Cl(p analog wis inctive in the antiovulatory assay at 750 lg,
while the corresponding D<(;lu analog conpletely inhibited ovulation in the rat at 200 tg.The same results were obtained with the [D-Phe 2 ,Pro',D-Trpp]_.HRI! and [(pc ,)- Illie", Pro, I)-Trp,'J-iH R1-I pair of analogs. The former 
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(Allip)itt.%I ItItibiteti o'uitiltjoi Ii the fat at 7501 jig, an l(ic orresponinlg
Cpc' atllhg %Nits( (mllletlc illmaI Ivc att this do)sage (not rcorded). 

Ili Figure 5-5, the( \-riittital I(-[et' llttd 11attlotg, \lro .1 litl)'ip']
 
1.11R11, illlibited tlic IAIRI I 
 icsptisc of t/ .111(llMi"IWO),its Well its ovilit~til 
ill the rat. 'IhIis tih ig hltdl.thiot tditcc tuneis ilc in ti/ru and two tinwis tlhe 
itftioSvillattot ;1(t1IN it N ()f I Ille ( m I c.uImiilig mil( Iitt 1dii~liIN 

(hitiolitl ltlt a111m1(1 :es"idies ltlstpicslited-i i t effective itnitgoinst. The 
I I-tlti1li() aitt Iii lhig. i ( iPt)I-il'Iit '-lfU, (Fig. 5-6) ill

i/pu, (oti[)etev i ltitd ille I' I jil Iesj~tise ill io Ill thle lilt itlit ehim
p)alue.l itic Iatplctlk IiibIted itvttlatitmi Ill tl iltat 2((1 g. Fuirtherimore,
Wilks lnd mllctgucs dcititmsttal t1.hat IIibisallg itihiihiited(fte preoviula
totv goIIOtI4nput se It-tiot ()f a Iteisis titkv(11tig at 5jOlltilteols lInlfl-

Figil .5-7 "Il,t)w, lic I iio P I.!IRE II itililittors results ()I attother N-

Ahct p()OII \ (f (Iic tV~t Ic(itttd itiiil()g mititgomlsts rec)i-ded wits ttctivy the 

Pf~c"A/-I\ ai11t11r4s.silv~l DI)(APliIiie wve I tilmie thiti theliglilsl atctic 

Thie i / u? ttsitlts Int Figmt 5-9 were ohrtiiu c utiiilrlne 1 tile d1ispersed 
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I t IIfhc \aluies oll L,\/-fe 2 .I /' 1.J1RI114 s L.+Anlog if(- *-'0.00(1, **<01 atnd 
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I.IRI! (Az-(; v), and LN-A(-I).I)CI-I)h)(.I~Iihe,).Tr!)', (. .(;istoac~tv.I
h','dirazideJ-I.HRH (des (Uyh%'a'' cetyl iydriazi(h.) iii the piitirv (lispjrsed cell cultureassay off ' ,ahand associatcs. The /" vailes of I-iHRH (I.) vs 1.+ Alalog are *<0.001,**<0.0 I and ***<0.05. Eith is the mean _ esuhi of 5 S.I.M. The Parent A\nalog 
was synthesizedI1% Dr. )avid C(oy. 
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cell culture m )i(1 fVale an( (olleaglies. ' Both analogs were 'r potent
I iio sin(c lllhe ,llol l g: JR I (hsaged rat iowas less Ihan (;e.dt lt The

analI g with| Il(e aultl lhv(dralidc IlO(ificaitio at positic-n 10 was slightly more 
)otcnt lhan ilhe ;ital()g with Ile (-terntinal Az-Glyviv mo(dification. Even
though th %wVo,c t)(c in inhibiting LI IRJIN t 11 *t1 111-response, nei
thter anialog was c lcitive ill inhibiting Ovulatioin at 2 [Lg inthe antiovtulatory 
assay it) ills (lFigurc 5- 10). 

..\z-(;1y'"j-l.IIRI I is very aclive. For comparison (Fig. 5-11), tie in zito activity
of one ()fRiviR's and Vale's (urttentlh motst otent ,2 ,3 ,6 -tetrasti)stj ied
analogs, N -A-s- 1 ,l)-I-l"hce.l)-l rt""]A IRI I was (letermined. " Az-;lyi

had alotut 7W of thfe l))tt,o yf'n(the lattcr analog in i'itio. In tile antitiv'ulatory
rat assa\, Az-(v'' inhibitetd OVI\tlatiOn by 50%'1 and N-A-A-Pro'-analog bY 
10( at a dosage of 6 ig (I:g. .:5-12).

Figur" 5-13 Show. iestllts of th(- 1 2,D.Tr1) 1RIHR

aid N-.\'-I.-.l.)( l-Ihite ,).Irp:,j-l.AI RI 1 analogs (hot iSynthtesized byStewirt alid (Chilllttiltasavililtlt). '-.-I)-Ala' was assave t, il'Io tileand ill
antiovitlat(o assay, and N-Ac-I.-\la i was assayed in i'ioin the rat and chim
lu~cc'. tIlese alnalogs wcrc Nc'iv effective it"all systems. N-Ac-I)-Alt partiailv inhibited IIRIf resl)itsc ,itI nigml itedium, and only 20() of the ratso)vultd aitcr a singlc inJc(tion of 6.5 gig of' the analog at n1100n Ott pl)testrus.
\Vhli l)-Se"r" 1)-I r, or 1)-Atg, was Substttte(l itt() the LIIRI analog 
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Fig. 5-10. In vivo antiovulatory activity of' [N-Ac-l)-pCI Plhe,)-pC I-Phe ,iD-T]rp"j
I.IRI-i (Parent Analog), [N-At--I).p(:l.IPhe ,)-p( IPhe&,l).TrpS , Az.(;I). ] RI 
(A-(;Iy"),and IN-At-I )-p(I -lhl., 1)-p( 1-Phdl)-l)",des-(ly' ,retyl hydrazide]
!.tRIJ ((it";;Iv ;it. l 'tldraitId ) illfemale ats.H'i, 


http:Irp:,j-l.AI


100 A B 

Lj 750 . 

Fig. 5-11. In vitro LHRH 
antagonist activity of [N-Ac-L-
Ala' ,D-pC I-Phe 2 ,D-Trp-',Az. 
Gly'0 ]-LHRH (A) and [N-Ac
A3Pro',D-pF-'Phi 'I)-'Trp'1LH RH 

-

(B) in the pituitary dispersed cell 
culture assay of Vale and 20 
associates. The I' values of I.HRI 250 
(L) vs 1. 4 Analog are *<0.001. T 

Each result is the mean of' 
5 t S.E.M. The A'-Prol analog was 
synthesized by Drs. J. Rivier and .03 .1 .3 1 3 NM .03 .1 .3 1 3 NM 
W. Vale. ANALqG ANALOG 
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Fig. 5-12. In vivo antiovulatory activity of [N-Ac-L-Ala',D-pCI-Phe 2,D-Trpl,6,Az. 
Gly"-I Ht (A) and [N-Ac-ASPro',D-pF-PheI2,D-TrpS, ].LHRH (B) in female rats. 
The As-Pro' analog was synthesized by Drs. j. Rivier and W. Vale. 
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Fig. 5-13. 

1 (:]_!1 1 .2 DN..\X.I-Alai,1.I)Trlp,,1.I IRiI a( IN-Ac-1.-,laaL)-pC
l'he",l)-Til)p''1-1,1fRI I antagonist Ii'ilVY it 11t'iu (atldlI/o) inz 'o. Unless recoded, the
I' valit,;i(e.0.0) 1.1 III (.) %s .+Analog (A). Each result is the Ineall

S.lE.M.5-It0 , Tihest' analogs were s,,ithtsizd(I bY i)r,...J. Stewart 
(of, 

and K.
 
Chim li asaLi lhajI.
 

aittag(Jl ist )N-.-IhIr', D-lN ,).I r )c.". 1I R1 1,cach analog significantly inhibited li't1.11 RI I LII i1 Vitro r.spolse (Fig. 5-1,t). I)-Ser" was slightly morePltetit than I)-TyTr or )-'\ rg. T he I)-Ser' tlillog had about life same po-Itt it1s Ithc abtove pile-lit alnllOg (1not _reCO((). In the rat ;anltiOVulatiO'ryassa ,tv, firse ana.imgs Were weak aifftagl()lists. With iiijcttil s with 200 Lg D-Set', I)-'l'r, (rI)-Arg' analogs, 75(/, 10(1 , and 60",1 of the rats ovulated(Fig. 5-15).l'hc palrtil ( more effective in inhibiting ovulation; at
analog was 


NO(J(-, 10-, and1t50-gg dosages, 07, 2(;.(, 
an (I4,t(Z/ ovulated, (not recorded)."iguct.s ,-1 6 aid 5-17 show the iesults obtain(1 from in vitro awid ill 7ivostlitc-s by the itnal"gs with pairs of' L)-allillo acid substitutions at positions18,5; of the: [N-A:c-'Ihr- I).lihc2 ,1)_Trp 0i,, .1 [RI analog. I vitro,
1,8; (Ir5,8 

[)-Ser' )-Iv was tarkellly more activc tihan 1)-Set ',I)-Arg' or D-Tyr,l)-Arg, atd was (omparable in I)()t ency to) I)-SCr . At 200 g-g, these three an
alogs failed to itihinati)villatiot (Fig. 5-17).

Int(olllast to these restlts, the ;allllog with l)-ainoIl}) ac!Cid stbstitutions It2,3,6 ats well as .5.8-[N-AcThll_th,I).1lrp:,,l.,er..Tyr.Arg+_ 
1.11 RiI-rcstlted in a mtorc. p:tcttt anttlo()g both il 71itr() aill in1 Zi7o thln anyof tie other analogs (Figs. 5-1'1-5-17). Sul)stitutiOlIs w ierat positions '1,5,8,an(l this aialog was about two- to threefold more active than tie parentatalog withtout these .1,5,8 1)-alnino acid suhbstitutions (Fig. 5-18). Whether 
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Fig. 5-15. !n vvo antiovula orv activity of [N-Ac-Thr',l).lhe ,l).''.Ser]_
LIIRH (I)-Ser'), [N.Ac.Thr ,).h i).Trp .,DlyrJ~lilRI!(D-Tyr'), and [N-Ac
Thr',l)'Phte:,1)'-Tr',l)-A rg"]-I.1HRHf (1)-Arg") in female rats. 
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Fig. 5-16. In vitro I-RH antagonist activity of [N-Ac-Thr',D-Phe,D-Trpi,' ,D.

Ser 4,I)-Tyr'J-LHRH 
 (1)-Sei ,D.Tyr'), [N-Ac-Thri',I)-Phe,l).Trp.,D.Ser4,D.Arg, 
L-RIt (D-Ser 4,I)-Arg8), and [N-Ac-'I'hr,D-iPhe2,I).Trpwl);,I).Tyr',I)Arg,].LHRH

] 

(I)-Tyrl,D-Arg'). The P values of LIIRH(L) vs L+ Analog are *<0.001, **<0.01 
and ***<0.05. Each resulh is the mean of 6 -SEM. 
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Fig. 5-17. In vivo antiovulatory activity of [N-Ac-Thr'i,D-Phe2,I)-Trp.',D.Ser4,D. 
Tyr3 ]-LHRH (D-Ser4 ,D-Tyrl), [N-Ac-Thr'F ,D.Phe2,D.Trp .,D.Ser,D.Arg].LHRH
(D-Ser',D-Arg'), and [N-Ac-Thr',D-IPhe2,D-Trp-'.6 ,D-Tyr',D.ArgI..LHRH (D-Tyr 5,D-
Arg') in female rats. 
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IN VITRO IN VIvO 
INHIBITION OF ANTIOVULATORY
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sttliutjoii (4f ihe 1,-J I-Phe& resiute into this analog (ani enhance its activityfrthier has not vet been cvatlnitd. Ih,.evecr, the type of sbsitotions at 2A6,(i
mtav in great )atrt determine %fhat might be most favorably substituted at•-,5,8 (3,r the reverse. .\Iso. as found fr the 2,30s-sisthititits, tIe (:ombinalion of sub)stitutionus at positions .I,5,8 imv in great par he uniquely inter
(I-pendelit. 

DISCUSSION 

For most of tie analogs, the in zitro and in Q'izo activities of the LfRI-I anal)galntag(itists closely paralleled each other. This included inhibition of ovulatio i mrats and of I.1IRI It and FSI- respmses in vitro, as well is tileI.1I RI-I LM- resmnse in rin in rats and ciinlzpnees. As the analogs becamile
mI)(l aohtieI vitro, the' als) became mote active in iww, I oWe=, if the1.1IRI I nhitrv and atiovulatorv potencies did not agree (i.e.. CpcI), it ispossible that somtie of the antago:iists (oti( l)e absorbed more slowly afterSt1(ulctatI,.tns injectioti.2 "T~he latter route of' administration is perfortied inthe antiovulatory, but not necessarilv in the in v'ivo 1J.!RII inhibit)orv, assay.Lnderstanding more about the kinetics of absorption, metabolism, (fegra
(latiotl, anid cxcretiot of some of the more potent antagonists could help to
elucidat,. some of the prablems. )evelopment of lradioiiitlin assays (RIAs) 
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of sonie of Ole antagonists riiight be one of* the most expeditious ways of 
accomplishing this goal.

An interesting problem has arisen as result of the utilization of two difTer
ent types of in 'tro assay systems. The IHRH analog antagonists have beenassayed in 'iftro bv otir method of using intact pituitaries of 21-day-old im-Mature felllale Fats2 and by tie pituitary dispersed cell culture method ofVale"' usi ng tle pitiit iries of adul nale rats. Results over the past eightyears show that valid quantitative and consistent estimates of LHRH analog
antagonist potent" cai be obtained by either method. Nevertheless, even
thouigh results patalMi c the,eah oOtencies are consistently much greater
when assayeed by the dispersed pimiitarv cell culture method. 

For exampl, tlie a ntagollist:LI-IRI-I dosage ratio of'ne of the more potentantagonists wis 2.0() by tle ititakt pituitary method and 0i.01 by the dispersed
cell method. The reason for the consistent difference in results is still unknown. It is recogniied that by the dispersed pituitary cell method, we doindeed alreadv havc sti pelaclive 1.11RII analog aintagonists; from the struc
tural viewpoiit, ilien, the potential for designing antagonists having many
iore-fOlcd icre;se,; in pot ency is considerably less than if the present antagoiiists are not already sileractive. By arbitrary definition, the antagonist:
111RI dosage ratio c()fa "super" antagonist would be less than 0. 1. Also, if we alreadv 1 have su pcractive alitagoi ists by in vitro result, and yet theanalogs do noit ill pcar tobe stprci;icfive v in vivo results, then the method 
of administering uhe not vet ol-rital and more study isneededlltiigonists is 
at this level. 
Illreg;ircl tostlic tcire-activity relationships, it is well established that using

iliesequeice if 1.11 PII as a starting structure, the most potent inhibitors toovillation have thlie se(I ience [I)X2 "'j-I-IRI!,where X is an aromatic aminoacid. Inthis se Iici ic, ilie position most well def tied and most ulnchangeable
seems to be i)-'l rp'. ost modifications at this position seem to be less suitable 
to interacticn it tl e(eptor.T I)X'-' positions appear to be more easilymodified, as Qwliwi by the activity of the various groups of halogenated analogs illthe sccnid position1 and tie substitution of l)-Plhe for 1)-Trp in 
position ." ( Jehitlh, th iam: INti .nlct e inhibitors wlic h retaiin the I)X2-'6 tnodificatiOni, but which have been changed at other positions in the LIIRH

S(lulVi(-e. iid&catc that lhe struictural integrity of the molecule is defined
 
p"jiipally In.residues 2 thirouigh fi.For exalmple, itposition there is wideI a variety of possible fatvorable
substit iti s, stirt img withihe i,<(;hl to I)<(;li change and contiInuing withte N-acct l derivatives of L- or 1)-Ala; L- D-I1he; IL-or I)-11ro; D-Trp;or 
A+-'rt: Aih; Siir; .- or I)-Thr; ;and Gl. A rigid confortnational rule at 
position I is mt evilet but there appears to be contimity in the requirementfor the N-..\c g,rtiI (8,3) and the observation that the N-terminal cannot beat alml11 Or ;I latrgec g-ou p. I'lie mutiplicity of' groups that can be substiited ;t l<itti) I is ill sharp contrast to the I-HiRI-I agonist series, where 
"- lu is the primel( choice toi activity at the N-terminus.

Friebel and ccdlc;goeslshave cotritibu ted other findings that may eventually
be lielpf cl in better indlerstanding these structure-activity relationships.5 
"'1heV Observeod that tle additional substitutions of the respective 1)-aminoacids alone or all together itposition t,5,8 into the [N-Ac-Thr',D-Phe , D
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Trp"'J- LI-IRII analog resuih in active ,lltagorist s.,The lie,;,su)stittuted Damin(o acid anah(g posit)ion at 2.3,6 ias well as itpoIsitioti -,5,,;win,more activein vitro and in tlla1 
8) 

z,l) aliv of* the related alalogs with oae (position -1,5 oror two (position ,5; 1,8 or 5,g; l)-amino acid sihitstitltions, or evenparent analog without these add iti 	
the 

nal substituted l)-amlno acidls. From conformatioal energy callculatiotis ibr the I)X ' , , Inalogs, it is possibleporate thlese to incorthree .1,5,8 modifications in1 telie imolec(tie and ltain tal(l
structure closely similar to tite stalrtinig sttcl ili..*
Finally, the telltil position catl bc
improvemer,! 	

stlidied for structural modifications ofIn most 1.I RII analh)g altagonists, the i.'ajitlo (;-trl-t1itial im(odification des-(;lY"N-'rol'thivlatmidc does not entliatice antiON'tulhtorv activity,However, in sotute allalogs [lie Az-(;I ' ,I)-AIi ', or l).Ser, substitutions havebeen more ef fective. ()i t iec basis of' iprelerre(l c()forlnaitioii, the group inthe tenth positiot will be itnjuxtaposition to ti'- N-tetminal residlue. Au interdepetidett relationship between llh groups at the eti(ls of the molcule 
anilly be vital tor all lefetive atntagonist. 'lhat is, large groups in ole positionmay require small sul)slituctls ittile tetlih position fin. clh;iaicd alctivity.
In conclusion, 
 it is hlot vct clear fi()nl a structitlrll poillt of, vicw whyI)X2 	 theseries tliimakes file best inhibitors. It is apparent, liXXevr, f'tollIourresults th;lt the )-muoi1) l(d substitotions 

collllrmti 	 it-1,5, and 8 (1o not chianige theo1fthe I)XOw ;DValog, IN)
Additiotially, liltstrm iturc-a(t iitv relatiotnships of most ()ftle 1.1RIRR atialogantagonists paralleled ccl( ollht'r illitl 'lro a(lid in vito. 
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Discussion: Pharmacologic
 
Development of LHRH and Analogs
 

CYRIL Y.BOWERS, MODERATOR 

The potential of the new clinical approaches to the control of fertility and
antifertility with the simple decapeptide hypophysiotropic hormone LHRH,
which stimulates release of LII and FSH from the pituitary, is considerably
greater than was initially envisioned. Results now show that in small carefully
timed closes of LHRH, fertility is enhanced. However, in large doses, infer
tility is unexpectedly induced. This infertility effect is mediated not only in
the pituitary, resulting in the decreased release of LII and FSH, but also,
unexpectedly, at the direct gonadal site of action of LHRH, resulting in the
decreased normal physiologic function of these organs.

The imrortance of I.I IRH or (;nRH, <Glu-His-Trp-Ser-Tyr-Gly--eu-Arg
Pro-Gv-NH,, is indicated by the many analogs of this hormone that have
been synthesized. The unique solid-phase method o.Y peptide synthesis of
Merrifield, along with improved purification methodology, has made it pos
sible, over the last several years, to synthesize reiatively rapidly more than a
d ousand highly purified alnalogs of LHRH.Substitution of a D-amino acid
residue at position 6 of these analogs for the achiral ;ly" residue of LHRH
is Unique, because by this modification, tile activity of both the agonists and
antagonists has been enhanced. Further structural changes of tile agonists
and antagonists, however, have not paralleled each other. In fact, anino acid
substitution at site, other than position 6 rather markedly decreased the ac
tivity of the agonist, while often enhancing the activity of the antagonist. All
the most potent antagonists have the sequence [DX2 .' ]-LIHRH,where X is 
an aromatic amino acid. The 1)-amino acid substitutions have not only helped
to skabilize the analog conformation but have made it less susceptible to en
zymatic degradat ion.
 

Superactive 
LHRH agonist analog! have been synthesized, as have highly
active LHRH antagonist analogs. One of the most active LHRH agonist an
alogs is D-Trp". des-Gly', Proethylamide" ([D-Trp"i, Pro-NHEt'-LHRH). Its
in vitro activity is 1,14 times greater than LHRH-a 36-fold increase as a result
of the D-Trp substitution, and a fourfold increase from tile N-terminal Pro-
NHEt modification. Also, ID-Trp", Pro-NHEt0-LHRI-I is much more active 

Panelists: David if. Coy, Jean Rivier, Arno F. Spatola, John M. Stewart. Discussants: Linda
Atkinson, Thomas M. Badger, Jose Balnaceda, Emil Steinberger 
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thall .IIRIIt t vivo il ra; and hnunmans. ()ne teile active LIIRII alnof ,lost
tagonist analogs is IN-Ac-A 'PIot, D)pF-1)i ,hc'Tlh.,.ll IRII. Itt the dis)erscd iititan.t t'll tititrte svstetm. it sigitiftcantl' itthitited thie LItR! 1,1
r'espollse, even witltl the nitit,tg9tiist: LI IRII dosalge riiio was O.()l. Also, whentie N-Ac-A -P' antitagontist Was (lissoIlv'ed illt oill .I(0111 and single itijt-tiotn
of 6.(0 vtg was aldlillisttlteed to Sp)oltlln ,lslv cyclintg femlc rats at nool oilprorsl ll WAS (O>llpttcIN finhibi't.tS, <ovutll 


lte develop.nt tllof pottit LIIRII mttalog attagoltists has gadtlalllyevolved ftrotn ite sllstailed efforts f several (lifieteit gtro(ttJ)s of lt'.stigatoIrs
aft'r tlltsi~t woll. Intile problemt siltlc tiltttjlati ot oIfthe thletlical
st'ttIitc of I. 1ds-IIus' RI IIRI I t 17 I ,-LI1 ftitked tIte initial st(iuess of'
theest sIl(fit.s, Itlitst L.IIlRI I anIlalogt beltIse it wIas tIagotlistill to be sVltilie
sitd. 'This antagonist was wtk itt polittv. but it (flil intlt(at the itIportante
of a ihatnge at positiil 2 it the d loJ)lttitl )fan atilagisll. l)-Iieh
L.IIRII antd i )-Ihte.",l)-l' IZ.lIRIoI ate two othter tltagontisls of, ill1arlierteiasinrg polt N. I N.(itltphasi/ed the N'alt'i (fittol')l'rating a l)-aromilti 
.till) 
 atilResiltdl illpositionl 2, 'tid also ile value of itUl P'orating a second
I)-autillo itticf, tile plopiitious gollist-lagoltlisl l)-T'I" snlhslittiottl noted
albo'.t.'htiltd'tltge IIt Sl)btitlintiots it polsitionts 2, 3, andtf (6wetr t'stablishied 
teXt ,andagatill tilteIplilljtill Snbstittntio.l al Iositiot 3 was a l)-aalolnatic• atiilo
mtid, sttinitglv Spe' littllv 1)-'I , i for llital a tivil.T let It'xt mnajol I c",s, 1)'moil illtt <ofsit(' caltlt, ifnl<
lit n (if' lte N-ttcr-
Itlims, f1Ililct"l) ""l-lIl sf.
D IRI I ;mtta~lU,N<,tt.w:rtlllv was thatl sutllitultions 
fo- the -A ,li I %ttc(c a~lat, gtolls: howtv, stlUtittit'al rteqtil'ellents
ait I),sitiolt t igi h toseI wt.r tttllh less t , t t)(isitilons 2, 3, andti. The
poI)ssible IltiIlllt(cIffv tlailestthstitllliols of position I sll'tled with I.-<(;Il
to 1-- ;Ill,(d grtlt!tllv ittltolt.ul eil N-ttetl (lelivti'vts of I.-o 1)-A\i;i,or D-l-ic, I.- (if lD-l'l,), !.- m)1)-Tl, l-'-l1-1) A:' Pro, Ail) and e.vent 

L
(;I. The~re
 

%%,Ils l\'Ill h IItllimcl~tlt for1 N-l(tt\' group~l
<'ln" it Ilict 
 alld tile obstcr\athatl[liot th. N-ttvrnlinal olld no(t bct il~lamlnino OF ; (hllgtcd groutp. Tile (C
ttcrilillitl Illodtific+atli(lls, Ill<<OHIplalison %%ill OictN-Itcrininal mod(ific'ationts,
 
hatvt Itad a t Itll
h Stllclr ittllttet1tl tn tint itthibitor'v mtivitv i (' tlgooft

tlists. lht. (es-( 'IvI'I'\ -NIIl i'etN-t'tittitl olii(aiotn has Ilot bee1tif'votrable., bill fill. .-(;Iv1anld ilh(' attv lih\diazithe
vt'-;l" N-tc'rilH
 
Inlioifi'tlots hae hec witel it lelpftl Il>poltt iltt;sclett .Il1laaltahg
 
illlt
golltust s.
 

Strttttual rtlintltettttts art tlow beitng moret itlitlsixel' 
 maIde ill the basic
IX. I)X I-ihI RII Alt:tlg ttattugllists. As (eS('t'ril)tel, the t'trtl systemttnaticsttI)-l)y'-sltI utII~pt,;Ithwith aldlitional lt( m todiictiio<ns oI this basic struc
ttire sttllls tol 
 ie . hill is tllw tIteIh'tl fbi' itl'eftsitlg t potentyt (V o i'th all
tag(llisl.

(0ttrrt'ttttl, 5smile. (If tlte olllowiltg ate tlltl'tfilte f'atvot';tble str'ttcttral stlbsti
(titllIts t positioin1, 2, 3. llid 6. l\t)(sitimtn I, N-acetyl-A:IPro oIt N-acryl'l
AI'tro trte vet'. good stlbstititions. At )osition 2, l)-Pl-I'ht, and )-pF-Pi eat. Intteel tile Ilst flvorable iIlltlhtitItg the iihititor' attivity. So far,
halogettatiott tt thI/.'i leetn fie optitmal site and mnltiple hal-Pam positioIn has 

gvtlltti(lls have been less efetjIv. 
 lEetn though I)-'l'rp at position 3 ap

petlred to be thte most tillhaltget.)e stbstittitot, evidetn'e has been obtained
that Ihe P(2 ftut)itthihl)l)-Alt Ilav be slightly )ettet.r Also, at position (i, the 

http:ittltolt.ul
http:develop.nt
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Sitioli 3. 

p~~ I h/Iap(;RI I fin- (I(.( I()lVIIIg I I dIttgtotIhI s I I; lt akn;IoI ' s IIIaupg~tih andtt 

*Xlso itnot 1.1 I ikgI um bcitiottstvc*iuc bNtai stitdo. lmit's tto-cil Ih 

sicilit I Idls p sit ill ittillv Ssilt's bti ttiit imttti thit'lilt p~li pof.1. 

be~jiitwee tt il stchii- itandjitt Wtg lliitii ltigIf itailogs pTlscii Sutt 

fal tltt tu llmeti t..ilt flt: po.pidue 11;1 ts itlOittiiti lsllitttt~ btll.-hasl
siltitglaius. t~s suirsp.sotoatusclioa whidtf (sildt li fptotttl I us bu-Ob titc 
fot:imfgilIIvio tpttil (dthteseit puiidu.;I iw I-likgu tliih (lc.fi 

iia.111 th ititi al jito itt '111 (lit: id iiiofi l lilil fftIttst ihi ilols to lit:' 

-7Ao, Owt 9-hI IAl~itIt: fliititis \ti ,I(, we1akIn ite:us oiTictiita pofRI 

it bI itl imiititv.ItM situ.st-ih'(tiiiiiul. lir litita (dItwis itjiniattisl 

a, tl(Ints uItt. 11(ig c o dimthus,3.lillgus sii"" ta llil iipoIzic Ilt' l )gaIfiit is 1) 
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In parallel studies, peptide backbone modifications of the LHRH analog
antagonists also have been performed by incorporating the nearly isosteric
sulfur-based surrogates. In addition, substitution of [CH 2 S] or [CH2SO] at
the 6-7 linkage of an LHRH analog antagonist markedly decreased the ac
tivity, again indicating the requirement of more conformational rigidity at
this site than is supported by these sulfur linkages. The 1-2 or 9-10 substituted
CH2S surrogate antagonists, in contrast, (lid not have full in vitro inhibitory
activity, but the in 7)11o activity was definitely decrease(]. So ar, the discrep
ancv between the in vitro and in vivo results has not been determined, even
when analyzed in terms of the lipophilicity, diastereomerism, or different 
types of sulfur surrogate atnide bond replacements. Since the oxidized (sulf
oxides) in comparison to the nonoxidizeCd sulfur surrogate linked antagonists
had less inhibitory activity in vitro, the possibility arose that the sulfoxide
metabolite may more readily form in tivo and, thus, may explain the dis
crepancies io tle in vitro and in vi'vo potencies. Nevertheless, the results presented strongly support the value and intricacies of utilizing nearly isosteric
sul fur-based surrogates for le, ter understanding the functional role of pep
tide backbone atois, the carb)onyl oxygen and the amide nitrogen. 
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In 1971, Schally and colleagues described the isolation, identification, and 
synthesis of.I]RI J* Since that time, more than 1000 derivatives of LHRH 

7have Ieen synthesized. 1,1N.1 20,44--6,41,51 T h extensive chenical and phar-
Imacologic advalices made regarding LI RI-I and its antagonistic and agonistic 

atlialogs have provided a potentially new basis fhr tile regulation of fertility. 
Frmn t historical perspective, the LI-II(l a?tagonist. represelted the first 

peptidic subclass to be synthesized and biologically identified, with the goal 
that such ihiliibitory alulogs would preventt the critical surge of L.1l and of 
[FS, tiercbv bhwk, g ovulation.,2,4'' Io.,'ever, it is only recently that 
.11111 anttagonists wVith potencies pritilal for itiote extensive pllaritaco

logic, saftt, and(clinical evaluation have been identified. To date, while re
search continues in this tea, progress in the use of the aw-n.At. ("super" 
l.IIRII analogs) has far exceeded that lot atitagotlists. 

'llC carly availability of litulierous, highly potet synthetic agonists has 
l 'ifled'( the foutidattionl for idetailed reproductive pharmacologic evalua

, ,peptid 2'1 ''' 

releasing at 1(1 ovutlation-iducing properties of .III". observed in laboratory
animiuals would ()ffer a new therapeutic approach to clinical male and fetnale 
in fertility. ' , IlHowever, the collective effects observed with the commonly 
accepted pir(fertility parent molecule (LI-IRI-I) and its potent agonists were 
contradictory to theory, and IIIinin tmerolts experimental models, were pri
tuarily and consistently ,ittireproductive in character. This paradoxical 
antiieltolduCiv pro)perty is manifested by the ability of these agents to 
interfere with or terminate pregnancy pre- and postcoitally, reduce fecundity, 
retatrd iberty, and inhibit sp)ertuatogelit'sis iti laboratory animals. In women 

tion of this (lass. ''''' Origitially, it was thought that the LH-

We .?(k11 igC the paih tipaition of R. l!,auei'I Dr. ((;astiointestinal thIiiiiniatology), Dr. B. 
Baxte WNS I'!hatrouoogy), Mr. A. I)tvinis (Renal and Iulion,,,ry 'harmacology), Dr. A. 
I.is (lnl irnIII Weohogy),and Dr . W,'ndt ((.ardiovascular PhIrmaclogy) for perform

ing, tieIhseOtIodar phalu.to(o!ogi( evatiatiotn of W,'y.10,972. We are indtlebited to 1)r. (G. Boxill, 
Dr. t-. R. Stewart, t)r.J. Tigner, and Di. E. France for performing, ta fisle, t)r. R. ShairIa, MIr. 
tie saftv evaluation (Toxicology and Path ology) of Wy 40,972. 
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and in fiarut an inils, frequeutly these agents produce lutealcan incomn petence, despite their intended Use to induce ovulation and establish viable 
pregnanu(ies. 1.0 11.1120.33 

From t'iesc studies has enierged a piredictable reproductive relationship:
illgeneral, tellgleater the agoonist potelcv, the greatel - tie autirel)r-oductive
property. (it ietitlv, it (olieived that such LI-fRII agonists mightwas 

represent a riovel (lass of (otntraceptive agents r'()i"
both sexes. 

This chap t, reviews i rivestigations supporting the paradoxical antireproductive pharuau ,tgic(haracteristics of I.H RI- and selected agonistic analogsin female anifnudls. A brief note regarding safety studies and their relevance 
to the regulation (t tfetility in tie clinic also appears. 

BASIC LHRH AGONIST PROPERTIES 

LI.IRI-I a tgoi isti( derivatives share the property of inducing thle releaseof ptuitirv 1.11 and aIl inl inducing ovulation in a variety of animal 
)Id.(s. 11,21, N tflit' OtUSI highly potent analogs have been syntlie-

SItei by, se)V Ir l (Si .2 
, W, 12.41-4 a i6.4t SiuMid ildei coi)potidS

is l)-Ala'-tles-(;l, h"-P tiimidb'-Lth (NHlEt)-LI IR1I (Wy 18,.481); D-Trp-1.1IRI I (W\v 1t2..t(iJ l)-I'l"-d.s.-(;h ".Pro-NliEt-LI-I RI I (Bachem .1(922); 1)Trl'rN"\Ie-"letl- les-( lx""r /)v-h,ltEt-LIHRH (Wy 10,972); D-Leu"-des-
GIv-Iro-NIIt-1.11RII (Wv 19,728), and D-Ser('BUL'Y-des_(lv t -ptr()'.N I IIEt-~I 1k II (Wv -l1(),."98; ltisereliri). Several o)fthese conmtmdii~s have beecn 
conipa-ed in lutltieol t)l)gic(tests with the Wyeth C0tnJ)Ound, Wy -10,972.

lhe o<tvari(toni/elm, sterild-b)locked rat, which is highly senisitive to theLI I-rlceasing t ivit v (fIlse cormpounds,f represents a frequently used test
for agonisr (lassifi(at ot (Fig. 7-1). 
 A more direct, physiologically relevant,ard equally reliable test is illustrated by Figure 7-2, which denionstrates the
til coure of 1.11 Rclase al(l subsequent ovulation with 
 a "sUper" igornist

(Wv 4(1,972) itl plro(ettols rats whose 
 spontaneous ovulato. x' inechanisnishave ben intlbiteticd with Nenhiutal. (omparative ovulatory dose-response
stullies arRe(.se, ted ilFigulre 7-3. Figure 7-4 reveals that WVy '10,972 ly 12
rolutes ofIadmiistlatiott, is effective 
in in(ltcing ovulation. 

ANTIFERTILITY EFFECTS OF LIIRH AND 
AGONISTS IN FEMALE ANIMALS 

Initial stildies denoinstrated that tile parent nolecule, LI-IRH, was capable ofin hiibit ing In egt cit 1v whent administered pre- and postimplantationally to insetiitated rats. ullsparadoxical atireproductive effect became significant
tipoti deitotnstatimo that a large array of agonists produced similar effectsat ctsi(eablv hwcr doses than LItIRI-I. The ability of the two exem)lary
agotiist:,, Wv -10,972 and Wv 18,.481, to inhibit pregnancy in rats, both beforeittiplatiati it tclaitlogeutic effect) and afterward (interceptive effect), is de
picted itt Figtures 7-5 aud 7-6, respectively. 
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Fig. 7-1. SerumLI-H levels (fd"variectomized steroid blocked rats treated with
 
I.IIRII agoilists. 11hpoint is mean (t S.E.M.).
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Fig. 7-2. ELff'et of .1IRH andi agotist on serum I,] aInd ovulation in Nembutalized 
(Nb) prcsti-ous rts. Each point is mean (±S.E.M.). 
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Fig. 7-3. Ovulition induction with LII R-I 
agonists in the Nembutalized
 
p)roe'rous rat.
 

Extenisive studies utilizitng numerous agonists in several animal species establiished the ftact that such agents can predictably produce postcoital contraceptive effects, such activity and potency being correlated with the basic"agonist pi)operties. 2...--1,49 Table 7-1 summarizes for the D-Ala" and DlrIp deriv'itives of I.-tRI-I the close association between basic agonistic activity, as represented by ovulation in duction, and their pregnancy- inhibiting 

TABLE 7-1. Agonist and Postcoital Contraceptive Profiles of the [D-Alao]-LHRH and [D-Trp 6j-
LHRH Series 

AGONIST 
OVULATION POSTCOITAL 
INDUCTION CONTRACEPTION 
MEDIOO*, CLAUDOGEN INTERCEPTIVE 

COMPOUND jig/RAT, IV MEDIOO, ltg/DAY, SC
 
LHRH 
 5.0 200-300 200-500
D-Alaa-LHRH 

10.0 100.0D-Ala 6-des-Gly'0.Pro='NHEItLHRH 
1.0 
1.0 1.0 25-50D-Alae-N"'Me'Leu'des.GlYI°Pro'-NHEt-LHRH 0.10 1.0 1.0 

D-Trp'-LHRH 0.10 10.0 1.0-10.0' D.Trp6'des'Gly 0Pro ' -NHEt ' LHRH 0.10 1.0 10.0D'TrpS'N°'Me'Leudes'GlyI°Pro9'NHEt.LHRH 0.10 1.0 -1.0 

*Approximate minimal effective 100% dose. 
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pt(pcrty. lFurthermore, tlh amt i)regtutticy effct, a s evidlet-el for ovulation 
induction, is readilv' manifested via various routes of' adminiistration-sutb
ciutaleous (S(C), itltraiiusttlar (IM), oral, aeros , vagillal, andiasal. 

IThese pa radlX ical antifertilit v effects hawe been extenled ,and reintforced 
liy the of this (ailitylass of peptidC to: 

1. Retard lpubNt, 
2. )isrupt tlic eSt utlis ccle (delay the offset ,strtusof anid mating) 
3. Inidute pil-atoire ovuilttiOn 
4. inlul( e liteolysis 
5. (Caui.se ovariall atnd tierine regression 
6. Rcluu. fct(ljnit, iii Hisceiniiated anitials 
7. 1Inhibit ilie ()%Vatial/utelmjie stimulatiot proltucCd by hluinian chorionic go

lai(1(o)Ir l)ii. 1" I .'i. 4 

lhics ctfctls are reversible, si nce once treat ment has )een withdrawn or the 
p'tgi1,111(v teruiiuated, tioral lbreeding processes are restored rather(Itni(kh%.1'.' 'lit1S, aIltough these peptides had beent shown to induce go
liaotnol)i release and ovro ,ulation,and to bc conceiekd is J)rofertility agetnts
oiigiially, thecir most prdoirh iua ft prolpertv was one of ai antireproductive
iatlie. lth pllthoral of data of tie atltifertility properties of' these corn

lotundls plrmvided lile fotundatio lo lovel approaIi feinalc clitracepr a to 

MECHANISMS OF ACTION 

INDI RECT EFFECTS 

It is llmttewi n- ldivthat in both) sexes, a CoI]omio II)(Ie of action subserves tie 
atlilie)0oIictive characteristics of IlIRI-I and the agonists, expressed via the
pilt iitarv-goniadill target organ axis. Investigations utilizing varied dosing
Mhc'leilc, anid aitmual models have demnstrated that these peptides, by vim-
tue of tIlhir traditiomal agonist lroperties, gelnerate a series of hormonal
evetlls whic h evemtiiallY result ilnreproulucttive itcompetece. Ill[ he fellmale,
the.se pliidts (iiluding IIIRII) lroduce the following: 

1. L;rige hut ret'i( I+II levelslts ill sertll 
2. l)istortcd FS!I pattertis 
3. Inlappi-opriate lprolactin secietiOli 

Fig. 7-4. Wy '10,972: 
Ovulation induction in 
Nembutalized proestrous 
rats via various routes of 
administration. 
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Fig. 7-5. Postcoital contraceptive effect of' LHRH agonists in 
 the rat: claudogenic; 
trcatnent given fron days I through 7, subcutaneously. 
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Fig. 7-6. Postcoital contraceptive effect of LHIH agonists in the rat: interceptive; 
treatment given from days 7 through 12, subcutaneously. 
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4. Decreased concentrations of ovarian LII, FSH, and prolactin receptors
(desensitizatioli/dowll-regulatior). These effects result in histologic evi
(fence of: 
a. Luteolysis 
b. Impaired steroidogenesis 
c. )elayed estrogen secretion 
d. I)ecreased progesterone secretion 
e. Elimination of uterine and/or placental support resulting in either infertile cycles or inhibition and/or termination of pregnancy.'.<9-1.17,.71i.4.15 

Figure 7-7 shows these ,ffects in the pregnant rat subjected to LHRHintervention r reiiplantatonallv: similar results have been observed duringthe postimnplantation period.' Tlhe agonists produce, in immature females,pubertal retardation, manifested b v delayed vaginal canalization and gravimetric inhibition of the ovaries and uteri. 17.26., W Chronic treatment can leadto attenuated pituitary responsiveness resulting in reduced gonadotropin c'it4 1,A2put aud inhilbition of ovulaltio. 

EXTRAPITUITARY EFFECTS 

Though the rcprodtuctive dysfunction subsequent to agonist treatment ap
peais to take placc mainly through th1e pituitary-gonadal axis, evidence haspointed to effets generated beyond the hypophysis. 01,i.47 In pregnant rats,
Iypophy,'sect()nmi' on day 12 or 13 of gestation does interferenot with theviability of ie-griaicy, since the placenta as:-,mes the role of' the lituitarygland at tihis stage." Administration of LHRH or ag(.l.,ists to such hypophysec( t0111icd pricgiliant rats leads to pregll;ancy failure, implying a direct effect 
on eitii Hilivafr 1)th. ,34 

:
5 In those treated animals whoseI( , 0;v placenta, o 

preguian y is bein g t ei n.Inated. blood levels of proges.erone and rat placentallactogen (rPL'+) decline, thereby leading to feilplacental wasting; replacement
with porgest.re owe re\crscs thIese effects. However, "ERH and agonist inhibition of ilI. appeals to be seconIdary theto disrF.pion of progesterone
secretion; thiis suggests that heiir extrapitui tary action occurs through a directelfect ()I the ovaly or by affecting placental hormones other than rPl. (e.g.,rat chorion it golild (1Icpin) for luteal support. Other studies havenecessary 

deriionistrated the presel)ce of I-HRI and
in, its synthesis by, the human 
placenta; IliOreover, placental progesterone secretion be suppressed bycanI.1 IRII. T hese data furthen implicate LHIR at a notIhypothala mic level.X..

Additional studies revealed that IIHRH and agonists can block follicularmat u1rat loll and ovulall)!', ad reduce ovarian [SI/I-I receptors induced in
Ihypophysectolnii/d iMniMatu iats by
e "PMSG or h((; stimitlatiot. ,, ThearOmatizatiori of ail(i-,)geiis to estrogciis by monolaye" cuth nies of granulhOsa
cells can be i'hibited ) 1vI.IRI and agonists. 2 5 

Further COilplicatG 11g factors are involved sitce tin published data from thislaboratory have demon4strated that LHRH and several of the aforementioned
agonists can inId uce ovulation in hvpophysectomnized proestrous rats in a doserelated manner Serum I.H levels in these treated rats were below the levelof (]etection, and such rats required higher doses to bring about ovulation
than did intact proestrous rats; the dose-response curves were parallel. These 

http:porgest.re
http:pregnancy.'.<9-1.17,.71i.4.15
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results reirlf'brce tihe pletloit of' reports supporting the tecogilitionl of' thesepeptides by tile ovary (as well as by the testes), ailnd aihlitiotally at testdirect stinulatorv efiect on tile gonad. 

to a 
I.-IRI-I agonists cat) also stittutlateoocyte Ilieioti" illttlurationi ill Zilmt'M, prodtuce altisteroidal effCtcs 

. lirectlv oiltle sex ual accessory orgalls, all( produce alilipregillcv effects t1lIlatet-ally,whet] istilled direct lv into a sinlgle, gravid tlterie hjorn.2' 7 
IhecoICite ivdata SoploI0rt tile +ont0el-tiotl that I.IRI! a11(1 agotiists (aillproduItce ailtirelo-rdoct iv.e effects illtle absetice of tile h1v,p)hvsis. Suc'h eff'ects are IllatlifCsted thrilgh(lldct actions oil tIle plactczlta ,)Igolads, adversel'v affectilg secretiotl of' both gotadotropini-lkt atld sterold hloniotles.Ihere is evil.itce that tile placetlta auld golads anid perhaps the ltetuissess recetlt is for I pios-RII, that a direct down-rtegulator).y llechllistll tiiayv beoperating, altl that the tileauis by which this class of pepltide prod(ces itsantifertilitv effetsc t is tin01 (e-corl)Iext hall preViooslV al)prcicated. A nillof the alitifertilitv (lfct' ts l)l( 

So inll 
lt(d byce lIR I agorlists is presetitet ill Table

7-2. 

SAFETY STUDIES: ANCILLARY PHARMACOLOGY ANDPRELIMINARY TOXICOLOGIC EVALUATION 

I-IRI I atlld scveral agotlists have beell s lbject.d to a atterv o[ tests to lieterxititit, the,ir tox(ic)lo i- liability alld their potenltial effcts oil itiftilro
resUlts of a ireliilrlr 

diJc-tiv'. orgati Ssttllls illrats. Tlhe 
illt
toxilc gc st,(h\ 

N. ictllte ravellous
illlla+tilrc ft-,ale rats are seeti illlable 7-3; lhlrotropipllreleasilig h 


W 1,8,1,5, ate 
lltut. (IlRI I), SMtNIOll.Itatill (SRII) and tilc [h1I0 I aittagollist.
in(lud.d for toiiiarisol. Ilie (lcosages zt(Jirited to ptihic.als tiitowaitil (Ifects art Ill CMtid(t~Ic loh. cx(css of those It(Ijlrelt, fot the
 

ptilllar, agotlist (ovilationt il1(tl(t0itl) ef fect.
A u itetXtiI s v tv'a ilItloll ill liatlle fCIale 1,11as (Taic-I) it-kitces the'rejtI-od (tttieC jIlirtl(a.o )gih ( fct(is of W .(),972
larl,(zi< h 

to thost ')libseuciid iii itiilzllt  ilu tis) Itsts. (Xlulpaurisoi of thIe litililtiaui ,y ,iis/Wtit ta.(eptie) properties fI Ilhc anlalog wilh a ulti of IIlit'il'i)(dll(ttiV',
h>iitailltiters il(lcitelt.s thatt lp~ropo<sc~d atl .Sii(11l e<Ic Icidisth tlizlilt(>t\ It, ;tlts suggest large saltl fsg re'gillt,icS. (ftr, 

(e''xt cuntin l. on jP.80)
 

TABLE 7-2 Antifertility Effects of LHRH Anonists in the Female 
1. Increased pituitary LH & FSH secretion; pituitary desensitization with chronic treatment
2. Teimination of pregnancy 
3. Inhibition of ovulation: premature ovulation
4. Down-regulation of gonadal receptors; decreased receptor numbers5. Inhibition of gonadal steroidogenesis: interference with enzymes steroidogenic pathways
(inhibition of 17 r,+.aroxylase and I7,2 0-desmolase; stimulation of reductases)
 
6. Luleolysis
7. Disruption of estrous cycle; ovarian and uterine regression; reduced fecundity8. Shortening of menstrual cycle and early onset of menstruation 
9. Re crdation of puberty

10. Direct inhibitory effect at gonadal level in the absence of hypophysis11. Direct inhibitory effect at level of uterus'placenta in absence of pituitary 
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TABLE 7-3. Acute Toxicology of LHRH Agonists in Mature Female Rats 

AGONIST 
(OVULATION-INDUCING)

DOSE % DOSE MED 100' 
COMPOUND N pgkg, IV LETHALITY REMARKS ug/kg, IV 

LHRH 5 50,000 0 Slight ataxia 
WY 18,185 [D-Phe 2-D-AJa"J-LHRH 4 3,500 0 All rats appeared normal 

20.0 

WY 18,136 [D-AlaI-LHRH 5 400 0 All rats appeared normal 4.0
WY 18,481 [D-Ala-des-Gly'0 -Pro 3 50,000 33 Ataxia, respiratory depression, loss 4.0 

-NHEtJ-LHRH of musde tone, loss of grasping and 
righting reflexes, cyanosis. Death 
within 9 minutes 

WY 40,972 [D-TrpP-N"-Me-Leu7- 3 5,00k 0 All rats appeared normal 0.40 
des-G,'y'°-Pro-NHEtJ-
LHRH
 

WY 90,261 LD-Dihydro-Pg,-des-Gly0 
- 5 3,130 0 Slight and transient hyperpnea; 0.40 

Pro-NHEt-LHRH increased motor activity
 
TRH 4 4,000 0 Stimulation, increased motor acivity, 
 -

increased exploratory behavior, 
increased vibrissae movements, 
exaggerated startle response, fine 
tremors. straubtail, piloerection, 
stereotypy-sniffing, head bobbing, 
paw licking

SRIH 5 5,000 0 Transient ataxia, reduced grip 
strength, impaired righting reflex, 
constipation
 

*Minimum effective 100% dose. 



TABLE 7-4. Geeral Pharmacologic Profile of WY 40,972 in Rat 
REPRODUCTIVE PHARMACOLOGY PATHOLOGY/TOXICOLOGY ANCILLARY PHARMACOLOGY 

GI CV 
Ovulatl n 
Inducticn 

LH 
Release 

Postoertal 
Conception 

CNS 
general 

Gastric acid 
secretion Motility 

Blood RenalPressure/Heart Rate 

IV PO 
0.40t 40t 

Total 
EdoopLjAkg 

IV SC 
0.004t 28t 

Total Dose 
(0Ikg) __ 

IM P0 IM IP 
400t 5600-2400(4 Atrophy of 45,000§ 1,000 
280:t uterus, cervix, (stimulction 

vagina: reduced irritation) 
ovarian weight 

IV 
>5,000 
<10,000 
General 

depression 

SC 
No effect 
at 1,000 

SC PO 
No 

effect 
at 10,000 

Total 
Dose:jgkg1 

IM 
Slight and 
transient 
increase 
at 1000 

PO 
No diuretic 
effect at 
100,000 

and death 
Acute IM-no 
death at 
100,000 

-ED,,, = Approximate minimum 100% eff6ctive dose. 
tAs single administration. 
:As multiple administration. 

§Thirty-day study. 
'Approximate minimum effective dose. 

'C 
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a aitsal spilay' ilidC of diug dtfivct'r, thulgs iilli and )rtcticald)t'or pvidi 
rucits .AIadllilist rat i o. 

lhc va'iouis ifCty that Ito ovCI i.ild sc+io s liability wouildv sudls l-al 
be alticipjtcd for ally troliltusoic cf'fcts on othfl olgaill systeIic ill the 
cffiuaciolis doste: clipfoved iIith' atinial sitidfcs aitd those alrcadv tlrivcd 
froii a iitiltitidc of' cliial cXlfwri, cs. I) fiact, th. salct'/cfficacv Iargin 
appears to be olitsttiudirtg. sillce it is fortscil tliat fil clical (lose le'cls aiid 
their firequnencvy of ad(IIIIIstriatioi might be abhrcviattd, pi odIu ihig rapid Coll
traccptiv'c cifcts wiliotit all ,N.ioll(tie c'i) oillisc to clisiig t-epiroductive 
capahilities. It is fitfitcIr )et(ivcd, iII View of' thI-:+c ,ittic'iptuul Iioi)trctCd 
igitilli iVs (0 (;Is(o the oral (uitl'('uI1 )tivs), that It) .Xcssi'VC(contiar\' ,t 
stress woulti be JLI(tcd o th sie olgals associitcd with the rcccltion. phar
attiOkinwtics, inctaholisii, and diisosiiti of' theise ('oIpoilds. 
lExtelsiveItrials are If(,,%' Ieuired to cstalblish ( ontttriaculptivc cfIficacy oluring 

tIIlJ)FO(I( iItlt'i,(oillr', chillploVinig \'iriois Iegir lelis. Of nit is a recent 
repoll that 1)- I(rl'"-lus-( I\'-i~i -NIl'-Il IRhI (Uop to 511 ag/wonai/day, 
iil lix' lltOll .CIV), )itcl IIt~wo o 'lisc ilivx (Iavs, (lid IIt) Itclulniliiit Jilt gilitcy

I(-6 wecks of gc iMitio). Although li'rgtr (lto.e or hloigi dosilig i-t gilieils 
of' this ofr ollhi, t1goltists lliVa be reuired iii Wollici to ahicvc fihc toiitra
gesatiliollial ctftt':s ol)Sclvl ii a jll it (i latuttiiuMdels, th jItuStCe Of 
i(:( (whcther tluiXogcitiot tlllo )i'olig iht Itiial phase of' thu ie'lulistlial cycle, 
or .iidog f i itiv ilotli iiag iiist) the Ilills -iniig tgll;illlv) ilfiodifx' (i.e., 
tuolic t ftfl ils0f ihc ,gonlists.. (iritcclizaiiolli of oillhilial h(./itgoiliist 
ilici(t'm ilins ,s well as It'liil i oollif(ll.igf , liitc 'ti )Ioceet' s piior to ill
plailit ioti 1dt ing atJjli'1xiiilel\' daI 1-12 )osl )vulitioti ) ill iliseiiliitlated 
WOilltCiI tll'c ialliit' iijlitils of' oigoitg itscal'lol ( fii+ts.
 

A rcxiu iWO ihc ( li(l[ial ii)plittltioitsll of' II RI I ;illd alig, is piteseitid ill
 
lablc 7-5.
 

SUMMARY 

'Thlftst utll Vut'.5 have witnicsscd dratitittc iivall(S ill [lie dtevel)llntli of 
tle (lit ilili iltl iittuholog, IIlRI I ail its pelnidic aliahigs. Ap)ltat'pl of 

TABLE 7-5. Clinlcal Uses of LHRH and Analogs 

1. Diagnostic 
a. Evaluation of integrity of hypothalamic-hypophysial-gonadal axis in reproductive


hypotunction with agonists
 
b. Pharmacologic identification: potency and activity identification in normal subjects with 

agonists and antagonists 
2. 	Therapeutic (under investigation) 

Stimulation of reproductive function with agonist,i in clinical conditions such as 
amenorrhea, anovulation, hypogonadism, retarded puberty, nondescended testes; use of 
agonists in precocious puberty; use of agonists in gonadal steroid-dependent tumors 

3. Contraceptive (under investigation) 
a. Inhibition of ovulation with LHRH an'c' ,,sts 
b. Inhibition of ovulation; luteolysis, pregnancy termination with LHRH agoiists 
c. Inhibition of spermatogenesis with LHHH agonists and antagonists 
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proximaly 1000 (o1i(lp~onds hav'e l)cc synthesized and evaluated f'or potential use ,iscontraceptivc agcts, based oil either their ability to inhibit
gornadotropin secretion and(<sle(eti',, ovulation, or- to prodtuice paradox
ical antifVertilitv efcts it preglantII altd lioljleglait animal ifitodels. The 
'Orller class ('itIII5I5e5Iis. theI. IIRII altagonists, the latter, the LHI-I 
("SUp'")agorIists. lhIC tMost p1rorttisittg developments ill terms of scope of' 
animal a.d clitlicia iii'cstigatinus havc octturre(d with thc agoiists, whose basic
LHRI I-like properties of golnaldorropit release and <vilattioll inldtIliiott have 
resulted in dramiaotic alterations in the pJittitav-goitadal ;xis, leading to conl
traccpltivc effetis in bolth fitiales atd tiales. ()IIthe basis of, their ability to
itftitic lutcl,,sis ttl tctntitte tOe scctctjoilof progcstcrole, several IAIRII
agonists ie pIcsczItl 'Nuntdergoing extensive clitiictal evaliation 1,0t Ilset 
potetntial lteal 

as a 
phase-irhluiting/icnscs-induungapproach to contraception.

The fichaiuisins b which Ithe I+I RI I agotists produce their antirepro
ductive e(.Ilteis im:hidc iipCrsC( rctionl of I.I!, dvsphasic 1SII and distorted 
prolactit Secretion, dticreitste illgotalal 111, I;SIi and pioltctin receptors(down-regulttioir). iithiibitioi of steroidogclesis, arid evetuial disruption of

the reprodlu I[%c (ittthtnmn. Rcccnt evidencc addroitillv points 
to all ex
trap)ittiiatrv sitc o a(liol of 1. IRII antd itsagotists, illwhich these agctls cat

nlolil. gonlmlal ard placental lormone se rtlion inl 
 tile absencc tI' ile pi
1titary glml.
 

.
'lht(spct(ii of ei-ollftictivc effects. ,andtie t'xi o1ogic, iathoogic, and
 

pilmlllo,I ci'l;l), inl\'4itng varied dhosing re(giills and< IvollIc.'S I.lhlilis
traillt, havse (Iclloist r;tteod Ithsaltyl of steIlcted I.IRII agonists. Any ti
desirable 'i letIc's ims fdt notoed ill arty of, the 
 ittail m eles cllpioyed
lI'rsafit cv;tlnaioll ]ui'vc (t trrcd alt doscs t11cxccdinlg those necessary

flur prriia( l ;at il ialiuit pllttiFscs. As such, Itcsc (Ioi,(l<tilIs present i
tllcral~ Intl l )(vc'(lose (losegil~lll ((()Iltl'r: vs. l-rodiltiIng t11t<>wa'd side
effet' ts)IIi unsidcrab] it,<irtuldc itt laborator , sttdics.rt 111r1 1) s afet if relativ ely, (T<tfil ec 'llclong clinical 

1l ti litv ag ents, .1 1rtf,tuse i~s wflc e rapidly 
i tcisill g lII 1(15 ili[t (Loiisag[1Ct1 1f,,side '"!Icleo 

f 
is 

cifor tttl racic tiv.e utility, t ilct stltt-IUS>
titot(tl'ilgiltg. 

lis hcd t 1 tievi tiiu.-ilit a, itti, cat1)(, lo it I.) their cilons ltsta l)dpo

tlefu, Ic(i.loftillic ff(acv, lak of signilicant sctulodav (uiotclnrdtictive) 

ieculisi >(fstiulg piot( oks, ltcaly s plJ<ort their cutdidilt) yias potetial coltra
ccpt~vses sIll( l lti lc femtale. Recent cliitical rep)Orts on te ititsal apli

a(ail tofscl tcd gouuists, outder varied (1lsing schuedilcs, and theitr ability
to telrtittt.e atttelv ihte lutcaf pihtsc of the 'uettstrtial cyclc, reinforce this 
p rtititlt hCFtipcp i -)tt ,,l, tao thic regtiittioi Of' fertility. 
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The Effects of LHRH Agonistic

Analogs During the Luteal Phase
 
of the Rhesus Monkey 

JOSE P. BALMACEDA 

RICARDO H. ASCH 

The discovery of gonadotropin-releasing hormones (GnRH) has been one oftile mnajjr advances in tile area of reproductive biology in this century. GnRHhas beel extremely useful during the last decade in understanding the neuroendo( rioe mechanisms of' gonadotropin secretion by the pitulitary, and hasbeeli an importanit tool in the diagnosis of different endocrine pathologies
when tist-d in dynamic tests.

Advancements ii biochemistry have permitted ihe complete characterization ,d idenItification of the decapeptide I.IRI ast well as other hypothalamic livpophysiotropic holimones. Recently, several laboratories havedevelopcd agonisticiand antagonistic analogs with diffeient properties to tilenative 1.111RI as tIesult of' changes in the potency and in the aminoacidic 

AGONISTIC ANALOGS 

LI IRI I amalogs of increased potency, relative to the native I-I RH ("super"analogs), have beenI found to possess paradoxical antireproductive propertics. "i lhe anti iertilit effects of' LI-IRH and :igonists have been studied in
the last car Iy several laboratories with interesting results that 
may open
new appi machs for fertility regnlation.
.\dininii'.' ()itiofi LI-I. I- or1f -super" analogs piroduces retardation of theolset o)f pric I N. and illhibitioli of weights of' tile atdellhypophysis, ovaries,and llterli " 'I lhte itiinatrie female r'at."(orbin and Beattie have reporteddhal the aIdllilistlatiot, of peptide analogs of 1.11 RII produces ali iinhibitionOf the prest'ris golltd(;tr-opii) sirge, ovulation, and pregnalicy inthe t'al.Snpport ing tle possible dir'ect effects at tie ovarV, Ilstieh and Ericksonshowed recently that LIHRH and its agonistic analogs inhibited FSH-inducedincreases Of estrogen and progesterone secreli<on in vitro )y lat ovarian granulosa cells and in vivo when administered to hvpophysectonized rats."7 

These paradoxical pharl'iacologic properties of [.-IR- and agonistic de
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tivaiti\'cs havc also beetl osc\t'cd ill Lrcgtianc\y. Admitistrationi of I I IIl
 
,,golists results illtrtulltit toll of prCglaztltv illrats and rabbits prior to and
after ittj)lallftaiol. ' Single. ilijcctiolls resilthcd illcoItplhtc resorption of 
iltilawitalioi sites mil Ic(tttiall of ,I tit(ll Ies'eoiIthlemeint. Rcstorattion of' 
fertilitY ot ur, illtl etique.tltett (tcafter atalog admiistration lias blcCi
tjscotit ,isis by which allfalogs il tlt<c It'tl Itirtti, Ofl l)regtiit,+ .'I ht- li.( hmi 
titIty lie still tilleit, but I pOl,iflc ltclytic cffcct \.iis suggested. These
~rt.elitticiidy teSlilts stititlmti ( lttitl rsc.irchi trils to,etaituite the ossilble 

fitturc iI)I,)lt,.io iof 1.1f1RII ititalogs illot.i.itepjtiOll.
Nilliuts idil to-wotk'rs htl\' shtown that the adhtilistialottll of I.IRII ilg-

Otlisis itlhilits tic lll lgtc i .d(I\ S (I str ,gcls i1(d 1.11 miid s ls<.I)llc lltst>I
latioll ill : C'tptt'.( ll)ti(d YCn tlmt. d<I.tlo,ltritted the Sitlcuitalcttous 
ittiettio of a llollg-, tit llg ofI I.IRII during tle lutt al phiase it ftrttially
SN-(li gi llIel i edttIt stlott lil( l hlase anp(l i lltttll Ofset of, ll lstss. 9 

The p)tlttl L (ft lt11 ill p)rOgSt.t.rlit and cstra(liol t(,)tcitltttion during 
, lssgge'sis thiat lhtco<lNsissile treat tnit (Ic, was idlttlcd by the I IRI I anilog.

'I his luttolkiu el 1.1 IRI I ;lgoiststinlicttof ba'e Olbviots coitritleptive
aJppli( itiots. It is is t ilo t th,it, rllif\ thie fiethiatistit )N.which hllCot to 
1\,is, is itnluted IP. ticst' drugs. 'lIte eXpCrimtnts (1C(ttri)c(I below werel 
J)lltillcIl to ctafblish if [)-I JI)J-I.I IRII has itlutolYtic elfect illthe rhesus
tltOllkt ill to (Itclte11tiitc its mc('titit sillof actiOll. 

THE RHESUS MONKEY AS AN EXPERIMENTAL MODEL 

lilaed e'llt l i ttc.g of' ovul(tiot 
of if(h orpis litew inltl iojltitit piimati." Tile ctittiii usc of*
daily sttitti t,,tll .cstl, 

W \c grl exjltitt tfllllthe and physiology 

o'llitlc. ttl lapamosopy allows .u,to detertitle the
 
tim eil o01'llatioi %\fitlhAll alu llri%s I 
-t 12 hours without illttrferillg with the
 
ti0tt1,il plogtessiol <,ftilc ( NIc. [Ilic list, Of titcrosuigical ttchilliques has

ttiadc it possilh, to oltilltIitl( I olofira litacl fot in i,11 stuiles without

Scriills (lilagilig tillt ;itllii ls mall'ic mt idwith t liittt1 Il1tlli tililltiotll 
of
the.tbS1t'.
 

Ifh t slts l tr.stittt ill tlls Ililijttt. have )eef obtlttint froil txpcritieltts
using the I ui"ls tlnitlkcN O.Xlm ultnatlh) is iatmodel. This s)cies of pritimtte 
Ipttsttlt.ts tal (Iimags Its a,tilllel for resealrch illbiolog. ,of rttptlotductioti. lIIfi( ntt 'ttk, 1t1t.t til 1,1( \ I1c,like tha othlii ttai is approxitmttelv
011C liiai totitti im) lhw ittive oll t1Itiot Icligihs the fllicultr atd ttcil 
plhis<s aie Ils) Sitit1ilal thoe af wolliall's (Ncle. liduitlhgihl te(to iill 

lttloi1i1ility o h ,t l bt'tw,,otC ilus, hipol.sis, an1d,t it lt o lIlpollh ti 'gollafs is v.ell established illtlc litc atte uiid presets Itil sigtiificalt differ
(1(t Ii, ilttlt wfiiti is k inlwo(tti. lot all these teasotni tilt tiestis miotnkey, 
p-l1,hps beigt thotst to tilet tllil Illhioloy, provides a gooitd modeltifr 
stilditl I the cffct (f,fI,1l0Iatililogs oe iltpo .sce.rrdttttidvc 

EFFECT OF {I).Trp+l.I.HRII A)MINISTRATION DURING THE LUTEAI PHASE 

lhe first glotup of experimietts perfotrmed pseteflaled todetermine the
effct ofta sitngle (los. (I0 Ig) o l)-[rp'l-l1 IRII adItmitisteret on different 
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days of the luteal phase, of tile rhesus monkey.4 Four animals received the 
drug on day 3 postOX'uat1(11O, flive animals on da,' 5, and four on day 7. Daily 
serum estradiol. LII, andlprogesterone were determined in each animal in 
the stidy. Initiation of mnenses was determined by daily vaginal smears. 

Figures 8-1, 8-2, and S-3 prcseit the resalts of [D)-Trp"]-LHR!1 adminis
ti'atioil 011 days 3, 5, and 7 after ovulation. The average Iiteal phase in our 
monkey nnlony lasted 15 I0.6 davs (X it S.E.M.). A significant shortening of 
the luli.al phase %is obtained it all the monkeYs that rcceived the drug on 
p)ostovulaltovlday 3. Fiour of the five animals inj.ected on day 5 had a shorter 
luteal pihase. Sentl Ii 1)i'i)geStscron v'altes (crCased signilfcatlv 48 hours 
after the a1dninisiration if the di ig in both groups 0, aniinals. No a)parent
shortening of the lit.eal phase was obtained il the inonkeys injected on day 
7 postovulatioll. 

hCG AND THE LUTEOLTIC EFFECT OF [D-Trp6 l-LHRH 

In an experiment ptarallel to tlh otes describtcd, tile ffect of hCG adminis
tration dtiring the litteal phase of animak, injected with [I)-Trp ;]-LI-RH was 
studied. Tlie schtdile ust.d to, adhminister h((; intramuscularly in increasing
(loses (30 It' On lday 6, () It' oi day 7, 90 11LI; () day 8, 180 11 on day 9, 
and 360 It' nit day 10) the sc(ictioii of ni((; by ihe trophoblastiillics 1 
(uil'iug early )l gli ill(,." 

"lt" animals receivedl 10 ing of the antalog oi da ispostov lation f l5 
lowed by daily INI iijet liois of increasing doses of hiC(; flom days 6 to 10. 
A second group of t1 tin muikevs received 1I0 img of' [I)-p'I-]-I, IRII and 
h(:(; &lil' siiulitaeoiisl\ froni (is 6 through 10 postovulation. 

Administralion of thevi'iiid[I)-Tirp]-l.ll RII1 shortening of theI(:(; the 
hiltwal phase alid did nlot haigt lit" engtll of the luteal phase whelln given
siniltinlemiisl'. lIi iiitil progesterone and estraiddl increase elicited by
it. ;nlministlation of 1It( werc simila to those reported ft) untreated an
iials (Figs. 8-1 and 8-5). 

[able ,-! shows (t'e ('esiilts of both groups of experiments. Only the mon
keyNs trinewi )i (Li 3 m 5 1ist vudaion showed a significant decrease in 
hutieal phas . h'Iglh. 

IN VITRO EFFECTS OF [D-Trp']-LHRH ON PR :.,ESTERONE 
PRODUCTION BY CORPORA LUTEA 

'Tlie I)nueiiig ('Xertiteiit (oifiriled the luteolytic effect of [I)-Trp ]-LH RH 
administcrled (ollIng the lutcal plhase of' ihe( rhests monkey. An in vitro ex
ptriment was de'signed to delermine whether [I)-'I'rp'1-LIIR- had any direct
effect onl [)Iogesteloii pr-lnction by rhesus monkey dispersed corpora lutea 
cells." 

Corpora ltcwa were. Obtained Frim animals laparotomized between days 6 
to 8 after ovulation. 'Ille tissue was thed transported to the laboratory iin cold 
I lalin's F1'0-1tCepes mCeditinit. 'I echiques 0)1 dispersion and incubation of' cor
plus hiliem i cells were acording to those reported by StoufTer and col
ltagues., 'I ht corpora Iutea cells were incubated in separate tubes with 

(Text continues on p. 91) 
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TABLE 8-1. Effects of [D-Trp 6J-LHRH Administration on the Luteal Phase Length 
of the Rhesus Monkey 

DAY OF ADMINISTRATION
 
(POSTOVULATORY) 
 LUTEAL PHASE LENGTH (DAYS) 

[D-Trp6]-LHRH hCG n Individual Animals X = S.E.M. 

3 4 7-7-11-8 8.2 0.9"
5 5 12-8-11-7-7 9.0 1.0"7 4 14-15-12-14 13.7t-:0.6 
5 &--i0 3 14-14-15 14.3-,0.36-10 6-10 4 16-15-19-15 16.0 1.0 

6-10 25 15.2 ±0.8Untreated 50 15.1 -0.6 
Colony 

different concentrations of [D-Trp"]-LH RH ranging from I to 100 ng/ml.After basal level,. of' progesteron)e production were Measured, hCG (50 ng/ml) was added to each tube to determine if steroid production could bestirul.,ted. Table 8-2 presents the results of this experiment. No significantdifferences in )rogesterone production occurred between the control cellsand the tells tn atled wit h the analog. However, the increase in progesterone
pr,,oucrion in reSponse to the addition of IrU to the ruedria was virtuallh thesame for each culture rabe and was not inhibited by tihe prncele off'[l-Irp"l1. I RH. These results, although In)taifKe(n ,itrn, cast doubts on the possibilityof a direct action of'D-Trp' --LlIRII on the ' orpus luecuin cells as an expla
nation for its luteolytic effect. 

LUTEOLYTIC EFFECT OF ID-Trp6 ]-LIRH IN
 
HYPOPIIYSECTOMIZED RHESUS MONKEYS
 

The lack of' in ti'o direct effect of the LHRH analog on the corpora lutealcells suggests a different nmechanism in action to induce luteolysis. A secondp)ssibility is that the luteolytic effect of [D-Trp ]-LHRH is niediated by thealteration indued by the drug in pituitary gonadotropin secretion. Ferlandand co-workers have shown that IIHRH is capable of inducing a decrease inovarian LI-I receptors in the rat by increasing the concentrations of seruti 

TABLE 8-2. In Vitro Effects of [I-Tro]-LHFH on Progeserone Production by Corpora Lutea 

[D-Trpej-LHRH (ng/ml)
CONTROL 1 25 x_ S.E.M. 

Baseline 128 120 150 121 114 126±8hCG stimulated 215 168 275 255 200 224 ± 24
1. [D-Trp'J-LHRH do-s not affect CL steroidogenesis in vitro;
2. Its luteolytic site of action is probably not direct at the gonadal level, but probably byhypersecretion of LH resulting in a down regulation of ovarian LH receptors. 
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III order to evaluate tile possille role of pituita r gothadotlopill in the

Iuteol,.tic c fuct of [l)-lr1-lA tRI I. wc adtililistacdcl this tlalog t( totl r
 
l ipopIlfhsectotli/eofd rfit s illonkcxs ill ich ovli ltiall hatd iwCl 
 itllledt i

with exogenlous goladotrop)ills. The Sttti' was performed il three artimiafs 
et.lt ]l
that werle l ypop)l Ii/f at t 9 montths hlbfore the eXpttlilltt.. At


the tite of their almission into til, sttoId. the anlimals were also reo eivitg a
 
weekly 
,,aitea,lc (lose of telxlpredntiisolovti actate S mIgikg intraintlis
cularlk. All alimals were diothic~llv atlet oilhicc atlf exhiitcte(l a ;,l)st ice
 
of citrcllatitng levels of fIN (asal and after inUtiaetOtIS admIit~iIstratio[] Of 150
 
-g 1.11 MRI)I\ the Illotise ititerstitial (ell testosterone assay for 11 I-h( (A de2
ter ntiol.niil'/ (:hromliC lack of ovarian stimulatiol wNas further revealed )K


ti~peatecl lalparos(opic exallinlation. 
 ']fie complletenless of hvpophvysectotnv.
Was ootnfirthledl lhtoJog.:iI\A i IMttSllect itl a1sinigle anlimal that1 slil)secjileltlv
dtied 0)f actitte pantrttitis. No i)ituitlrv t-thitlatlts WeTC tt)tsttlt il tile selli
ItYo.i('at.
 

()"u atio t \sas itndticct it twosparate trttlettt pylus in eat, atium.al with

htinniat ttltlojualsa gomllhltroJils (h NI(a) lI ttC(rditIg to
ha(n ; etetgitlle l

(1e5( rilwe(I in l)itga ,tnlllotdgetr it) rhtesu, n oks. ' lBiefh. 
 this t h-

IliIt (Ot sists of th tlaify ittttrtlvsotlar alhtijti,,t rtot) 
 of 37 It of 1I.,I and
1.11 (h.() initil the stilli total estrogens ,lt hlies a level of 3:() pg/til, at
ithi(lim I.1) 1 f h( ( ate give.!) ilttr,,ustlIFrl\. Lt'Idtr these (Orldi

liotns, oi<vliji' jo(t rr0e 
 it) I)th cvles of treati tt in etah atimil 2.1 to .IS
 
flis aftet- the admtlinistratiotn of, flU:;.
 
()ftIhtotal .;x 5 
 ill;tory iltl(cd(tyt Is. single osillatiots weret ohsercd
 

im lloil oases. (),I atlitilal )tesentedi tw.o ovilfatiomis. olie inl ali oir, and
 
inl tIle sixth alillll. fotr ,olpora ltitea were formed, tille 
illthe right matv
 
atnd (ne it) tle If. ltring the first intdlt(ed ovufatory (Ndc 
of each inlitlal,

1(0 g I)-,I*rp¢'j-+IIRfI was atmitnisterel ittrItllistnfarlv ill (I ;ill) saline
 
so(litionti 1 (ass 3 am!t 5jpotovIilatioti. (This (dooe, as dlescibed, is htitolyic

ill tle -lestls tomikes\.)
 
()t tIlt.s(co d in ducd OVtilatoy cldc, .1) Ing of I)-Iq'--I.IIRII was
 

,fltlithittert h ittisioln 
 tlday 5 postislation. ttiliiinitiirosmurgical tch
tliOjl.,,. tile ;istCl<lallt lt,in II of the tlteritic artery was 
dissected free 0f1its
Sllppolting \aclttlat Shealth. PIeviotis studies have shiowmi that il noll[liet

pregmlat t Ihtes, tmotlke the ascendtatlt hratich ofi the ttcrinc arterl provides
Iliote thall 9W; of tile ovalrian cirtlajtijo. '' A 30-gatlg nee(lle fittled to Si
lalsti( tubitlg \wats placed inl the Iimel. The sclcctioti of the correct arttv "is
confireld I)v tile initial a(itnitlistratiot of' sufficient methslere-I le dve in
salite to siaii tile (ot p sIltenit . The infiusion was perforled with a l unrvat:f 
inftsioti p)1U1 it a rate of apprxitmlatIv 0. 17 tuil/miinte for I hour (total

lltiltle = If tlf). Blood flow of the ascetndltt banch of tile tlitit ctllater 
was not itllltel hy ile itfusiot. BloodI (2 ml) was collected from tie iaiti
ovaria n vein 1) direct ptulctltre with I 2 7 -ga needle and syringc tinder
visual olscrvatjot), throtgh 

cg , 
ll)operatitgtl icrolscopfe at -30, 0. f), 20. 30,

,10, 50. 60, and 9f0 minutes relative tloitlitiatiot of the ilfusiotl. SN'sienic
1h10d was drawn dail,%from tile l hsaplhenlous or ftm .lot obtaitledvtin. SclrIuln 
from perip)heral atrnd ovarial hlood was usel for Ji~ogstrtlevn detcrnrinatiot 
by RIA. 

The administration of [l)-'rp0 +]-lIItRI- according to regimen that hada 
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been shown to prioduce luteolvsis in intact, normally cycling rhesus monkeys4did not affect ielitea phase of induced ovulatory cycles in chronicallyhypophysectomized rhesus monkeys (Fig. 8-6). Serum progesterone concentrations and lengths of the luteal phases were not difTerent fi'ron those reported previously in untreated animals from our colony (Figs. 8-3, 8-4; andTable 8-1). (lirculating progesterone levels reached a peak between days 6 
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gg of I)-Ii1'JL ()It da~ 3 a d .5 pstov1llillio tfil IuppNeSSdi 01t tile 

first %w(--klpistiI~uloit lit' l'igtii of tlltc' 11a!iist's ill tile threcC treatedl 
t'J1StI'pc:6amlas %%ais 13, 13, 1;11(1 1 (Lo iv. 'I lest' it'siIlts wee not differenit

from Ittal filast (tillttl) of [lititcI .1iriitiiak ill our ((fl~mv. but were 

(ftlttittitfd y Imidltil'ts I tust I. 
flt.' flli1i tfiliim~s ()f Iing [D-' 1 ipj-IA.1I II lntIikcjst' did iffTect the

lmida pitist of tilt(-(, ifl('s mliiukt's; peIpHiAT'tAI SerIllil1 plogt'sttroi conl
rationsetlit aiid Ititeal pli~ist' leligils wct nomitial (12, 13, and H1 days, t'--


Njcet ticeh). Ill Mitllitjnll. th' oxaiiai litllisintis Of this lirge aillil of' tile

111 RI I atiilo-g did lnt prodiite ;iti majikcd (Ittr ,itseof 
 progesterone -onl

lityalf effe tll I ml)ip'' -Il (RI! ii (O11t's ilt,~ltcod It' hisiielvt i (int 

l sllts illi]i-Illfniii(d stild iit's ialt thit'Mitro()l ce i li' iti Threlik ts(d llti I of"IIIIIosc l bietit(di' itul~i ('ft'( tIlt' sIR lo illjticlitactsog
gt'stilgl that11.thecdtseitltit t~li'o\ lpolii\ lt'd iliotitis fiitonky ill
ill ij c t o o(I% t%slllil tcI ,( (a i b s u((I m t o o lil' l f a p s i l 

ABISEN CE OF tItRht BItNDING SITES IN CORPORA IXu'rA 

tflusIgcicl tA ICiS Iis ('\Jltlilli'll -spcis siiti1.1tilt'PIthavee ut 1ndocumentedp 

sz llIiit~h~l i %ll'silhot. ntq('etII\llv petftuiiit'uI beweSwas .22,s 
n- us'11ngcSile *iftt'i ifititti ullut sit;] . Ri t1, ndiquesilt' tgliss oinduced wase 

kbm Nn~il Iill ill oll 

golm 'd c(upi I~tl ,It( tin tEab 


k SN il 11m% als li Illi kt'vs( I lat rthe lvelan , Suchia 
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BXl00
 

T 

Pituitary 

Lung 

Small 
Bowel 

Kidney 

Liver Fig. 8-8. Specific binding of 1251D-Ala6-
SE17 analog to rat pituitary and corporalutea, lung, kidney, liver, and small 
312 bowel from regularly cycling rhesus 

rr460 monkeys. (Asch RH, Van Sickle M,Rettori V et it]: Absence of L.H-RH 

725 binding sites in corpora lutea fromrhesus monkeys (1lacaca mulatta). J Clin 
Endocrinol Metab 53:215, 1981) 

The l-Ala' analog was radioiodinated according to the lactoperoxidasemethod in itiallv described by Mivachi and co-w rkeS 2 3 and modified by Marshall and Odel I Bio Rad iEnzlnVobeads were the source of' lactoperoxidase
and glucose in tle io(tination reaction, L.abeled and uinlabeled analogs wereseparated using ion exchange chromatography on carboxyn]ethylcellulose
(Sigma, fille mesh ). I.;l)eled analog was stored Mat (. /5i 7.5, in 0.05atilln(iulitilli acetate. The specific activity of"the -21I-labeled IIRI I analog wasicasu reld by self-dlisplaceinent inthe ra(lioreceptr assay (800-1000 liCi/.g).1.ti teect onitv iniduccd early onset of menses in all the animals. Ovarian veinconcentrations o(f Iprogesterone dropped tsearly as 10 minutes after luteccbm . lPeripheral concentrations of seruim progesterone were markedly di
linshed on the day following surgery.

Specific binding of (-11) hl)-Ala analog to plasmia tembranes of' varioustissues was tested. The protein concentration per tube used in binding studieswas as follows: 150 tg pituitary, 90.A .tg lung, 1-47.2 Rg kidney, 165.6 [Lgliver, and 97.2 Rg small bowel. For rhesus nmonkey corpora lutea: E 17, 122.8
,ig; 321, 128.8 [tg; ,160, 132 ptg; and 725, 138.5 Rg.Nonspecific binding was determined in the presence of 1000-fold excess ofunlabeled analog. Rat pituitary plasnia membranes specifically bound 27% ofthe radioiodinated analog (Fig. 8-8). However, no specific binding of theLHRII analog for hIng, kidney, liver, small bowel, or corpora litea f'rom
rhesus tnonkeys was observed. 

SUMMARY AND CONCLUSIONS 

1.Administration of single injections of [D-Trp6 ]-LHRH during the earlyluteal phase (days 3-5 postovulatory) of the rhesus monkey consistently 
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induces earl\ inset Of lmenses and decreases in serlmll progesterone con
(entrations. 

2. The luteolvtiC effect oft[D-TrpaI]LHRH is prevented by simultaneous orsuccessive ad iinist ration of chorionic good htropin in doses similar to
those of the per-iImplantation period.

3. [D-Trp' -LI IRH may have potential as a contraceptive if used early in theluteal phase. The rescue of corpus luteum activity when hCG is administered simultaneouslv or following [D-Trp J-LHRH suggests that its effective use (luring midluteal phases of pregnant cycles is unlikely.
4. 1l)-Trp"- lI lRI does not affect progesterone production by (isperse(d

cells from rhestus n11nkev corpus luteum (in 7i'Jo).
5. L.ocal infusions of [l)-TtIrp ]-l-R1l into the ovarian circulation do notaffect the progesterone concent ratitins in ovarian vein blood of hvpophy

sectolizedilhstIls o0 lkevs. 
6. No specific 1.1RII receptors were fotind in crude plasma membrane prep

alatioln )f rhesuis ntot)keY cor pora lutea. 
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Antifertility Effect of an LHRH
 
Agonist (WY 40972) in the Baboon
 

V. DANIEL CASTRACANE 

JOSEPH W. GOLDZIEHER 

The synthesis of LHRH analogs has stimulated great expectations for a newmode of contraceptive regulation.- Many studies in rats, nonhuman primates,and hunmans have indicated a luteolytic action of these potent synthetic agonists. Recently, however, exogenous and endogenous chorionic gonadotropinhave 
i 

been repotied to prevent the luteolytic action in both monkeys and'' women 21 + and the contraceptive potential of these agonists has been proportionately diminished. We have sttdied the Wyeth LHRH agonist Wy40972 for its lutcolhtic action during the luteal phase in nonpregnant baboonsand for its abortifacient potential in pregnant baboons at the time of firstmissed menses. Ihis agonist is a potent luteolytic agent in the rat, and thisis the first study with this agonist in the primate.5 We employed various(losage reginiens and routes of administration in order to examine both
strength and( duration requirements. 

MATERIALS AND METHODS 

All animals were normally cycling, mature female baboons (Papiocynocephalu,5)housed in individual cages in proximity to and in visual contact with a breedermale. The menstrual cvcle of each female had been followed for at least oneyear by daily observations of the changes in perineal sex skin. Our previousstudies had determined that ovulation occurs I to 3 days prior to sex skindeturgescence, and therefore the first day of deturgescence has been consid
ered as day 3 postovulation.

Normlily .-ycling female baboons received I 40972ng WY daily for 3consecutive days in the early luteal phase (days 3, 4, and 5 postovulation) orin the nidluteal pihase (days 8, 9, and 10 postovulation). Baboons treated in 

These studies %%t'rcsp)or-cd by Contract PARFR-223, The Program ior Applied Researchon Fertility Regulauion. The agonist WY 40972 was generously supplied by Dr. Alan Corbin of'Wyeth Laboratories, In . The tehinical assistance of Cornelio (elaya, Phillip Czar, and OscarClayton in animat studies and Daniel Martinez, Edna Wright, and James Kyle in the radioim
mt0noassa v la oratory is greatly appreciated. 
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[fic carax luteal Ilase were. bled daily tolu dt\xS ' through 1)i ad every
othei dlaix I lt ;I. -rtnt l (1a'20 posto liltim. aloons trIcate(I in the mid-
Itttal phase vt.erv bled oil dlaYs 4, 6, and hrough 12. and every other day
thette'liter utitil (ti'. '20 polosttlfatiol. Vei.lh-ireatt. litiol atilills were
bllc.l () it iil: r Sthte(ltile. All \Clxplltiles merc fboi tlic f,.eimrail vein 
ider light ketitn anesthesiea. Alilll'swere obher, cd (lilv fo0r (;tallg.s ill 

pIticiiea sex ItitlC;is,:, 

folr "trliol 11nd( progesteron. , as ,'viousll ' 


,kill (WIfmeln'ses. Plasma w;.ilvie by ratlicliittt (RIA) 
desc -1-d., ltradliol alitise'im 

was geneo iosl u,iiedb 'I )rs. ). C. Colils ain K. Wright (lol LnivciSit' ) tliltd l-<lta~~k<+,tilli ,1r1lt Im 1)1-. 1). N . Rao< o f <:ur illrtitilti~ill. 

letnltt lealbimolh %,ric maltditied the peloxulato pe)iod lilt basis 
of previi< ilt~lividlltl sex skil' ( t" t.(.CI tls and (C f d<lilx]\"sS i tliol of subtle 
( lalliges ill ,tX skil ( ill g til t itel.lesd cxmil wece retNllilecd o f ile first 
a!.I sfex skill (let ges elte., whinh was da 3 l)stmtoiltt i<. rellgtullt was 

( t(liiitetl I)' tI1 li lteisti eltltlilltof l silia estrin iol it t ( slJproge.t roli( onill ,la
Ili, Is. aind '20) pot tltLLtti is i ei ,lit ' I ll) iit ". Colfttillild 
)rt-tgliiti llillJCl xSIml, tttel 'xWith \WY 107i2 iiirig oi! ait,20) postli
(CPHll) ( i(otdiitg to thle Iollowilig iepititeiis:
1. :\ iii he large loswe ( I0,0(tl g ) iitiiisicf IM oii di 20 
2. I lti(e, tiilx dose.s ( 1)0) itg) adi'lilulistli-c< I (lyis )(1, 21 attd 22 
3. ..\d tiiiistt.iti oiifr m ll osillotic iii llitp (Alzct), .%11( Ireleases I Illir 

tlot 7 (11i%, iialti to It (;lil\vdd ot n g WY .109172 

.\iliiliil' s ele bledl (tt d<iiN 20) through 26, 30. Mil :T3. .aiteiliitil Of, 
ll~lll( v as d(lTet!"Iut v, plasitia levelIs (f estralol atil piogcstertone,\;igiial bltedigl, ;111(1 ilt\ (hiatiges in peii al ser skill. (: iior l atilills rc
e cil li(li salinetwte( tens or anll1'm ositoti' illiiullip. Resullts fror)


it CClliI(ol iililill hlvtt ec, collibielinto in 
 lgle grollp. 

RESULTS AND DISCUSSION 

,dI llIaMuiit(4o ilt- lgonist WY .10972 at it I-mng dail' lose f'Or 3 tollsec
(i . illliX Lax l Ihvi Ci Mltli(fl I)tleSt.e t0l'e CCIe retsullted ill an in

sisentltolosic lespo ,se.Me anihit.lel )hist length (± S..) in the coitrol 
,tgioup was 17.7 t 0.7 daxs (it = 7). Ireatttit c ill the earlx' luteal phlse
shortne ict ) Ic andi 1i (fa1 \ iatill s: the third had a normal lutalItoH ill tw) 


hlilse lengltIi of 2(0 <1: +.s. "he 5"lir 
luteal plases we.re acto)liallietl by alleatlxd e'line it) plisila plog stelolit. , lstit;i tiestrati ol was insitlill e!etr ' 
\,ltl iMtm (it three blilosoll wlngli lieiticillt 1)11 ill a ft-w ofa s returned 
to toiitil hx ('Is (Fig. 9-1). 'llttiititicil itl t(e ittilliitil phasc Also shoitetied 
I to 1.5, I5. aind 19) (lts: p)aiira i'ogst ri.d(oi. lined ct'lit thall in ('ol

tls ill tile iw haboolis ,ill short luicl )htil Ill allhae. treet. :1ittiilals a dra
['iltil n lololtge(dlit t.i', ill cst.+ii; x'i devidlilfollowing tretinlalnt 
(Fig. 9-2). lit All baboois lie lmclistrtil cxle illliltdiattiv\ following tile
trettedl ( tIe was iiorm1,r , blsed ()it thte pattern () perii.l sex skill tirges
tI Ceaid clI.(geS(cle.
 

1Iheset restlts (lelliistra e (ol[ii ;Illc liteolYtic effectiveness upon early
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DAYS POST* OVULATION 
Fig. 9-1. Effe(t of three I-rg doses of WY 40972 adminuisteed in the early luteal 
phase (da -ys 3, 4, and 5 postovulation) to normally cycling baboons onprogeserone Mnd estradiol levels. Stippled area 

plasma
represents nean levels (__S.E.) ofprogesterone or estradiol in control baboons. Mean luteal phase length in controlbaboons was 17.7 t 0.7 days (n = 7); in the three treated baboons, luteal phase


lengths were 1H, . and 20 d;,yVs.
 

or midluteal phase treatment in the baboon. Asch and co-workers' have demonstrated the luteolytic action of a similar LIRH agonist at the early but notthe midluteal phase in the rhesus monkey. Midluteal effectiveness of other
agonists has been demonstrated in the human.'.

Luteolytic effects of microgram doses of other LHRH agonists have beenteported. Since there is presently no evidence for qualitative differences invarious agonists, the minimal luteolytic activity of milligram doses, as used inthis study, suggests the possibility of a biphasic effect. The possibility that themilligram quantities administered in this study may have resulted in somesuch biphasic response has not been investigated. Of additional interest is theobserv"tion that these very large (loses of WY 40972 produced no perceptible
adverse or toxic reactions in any of the animals. 

Only limited studies with LH-RH agonists have been done in the baboon.Subcutaneous infusion of [D-Trp6!-LHRI-I t(, baboons for 7 day, durir .-theearly luteal phase had no effect on either luteal phase length or plasma progesterone, although a significant increase in both plasma ,I-I and estrogen 
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Fig. 9-2. IE'h(" of threC 
 1-rg (loses of WY 40972 alninistered at tihe nfi(lluteal
 
Phaste (days 8, 9, and 10) to normally cycling )aboorns 
o ]lasnrna progesterone andesriamliol leVels. SupJ))lC(l aras are the salle as illFigure 9-1. Mean Itleal phase

length ill(orilll baboonis was 17.7 t 
 0.7 days (It= 7); illtile (hiree treated
 
bahoons lureal phase Iengths were 15, 15, am 
 19 days. 

was floted ."Su bct taneours imlarntation of' ia pelleted formulation of two dif
feremi 1.11RIJ 
 agortists immediately followirng sex skin (leturgescence (early

hiital phase) resulted in a shortening of' the luteal phase and a decrease in
plasmla I)'()gcsterone. II ml)lantation 
of' the agonist pellets in pregnant ba
ho)ons was asso)ciatedl 
 with a decline in plasma levels ofchorionic gonadotropin
and i)rlogCstC,.le although only one of' four treated baboons aborted."t

A's in the pr'esernt studies, other rep)orts have deronstrated luteolytic activ
ity fsi rih l IRiI agonists. These were not always ex)ressed by a shortened

luteal phase bIut, in some cases, only by a 
depression of' plasnia proge';terone
levels.7,. I
 

In our initial study in pregnant baboons, 
we used a very'high sin ;le dose

(10 rg) of' WY .10972 otl day 20 post vulation. Three babotons treat d in this
,namnter (lislplayed a transient( decline in plasma progesterone (Fig. 9-3). Two
of' the thiee baboons also showed a large increase inphasnta estradiol levels21 hours after d(I1g administration, with no fri rther effect on estradiol levels
thereafter. All three baboons maintained ,in essentially normal pregnanc)

except for tIre transient fluctuations f'rom the normal pattern of plasma estradiol anrw progesterone (Fig. 9-3). One explantation fhor the lack of effect of
 

http:i)rlogCstC,.le


105 
Antifertility Effect of an LHRH Agonist in the Baboon 

52 

43 (A4 

-, 3360
 

25-001. 

L: .14143 

X-.417 

6 0 " I 0
 

0  100

60

40 

20,
 

' ' " 2 '4 26 28 SD 2 34 6 18 20 22 24 26 28 30 32 34D.YS POSTCONCEPTION 
DAYS POSTCONCEPTION
 

Fig. 9-3. I.Affect of a Sifngle I(-tug WY
injection of ' 40972 on day 20 p)ostconceptioll
on plasma plogestelet. an( estrl-(liol levels i ,pregnant baboons. Arrow and

vertical 
lie ill(Jhat(e day o a(di|isti'ation. Stippled areas represent mean kvels(t S..) of plastila liogst,vioe or. estradiol in control pregnamt baboons. 
Iln(ivi(lal baboo r.lreset(ed by different symbols.s af. 

this single a(hmimmistrattotl na be t le short duration o(taction of the agotlist,
atdll subseqtetit trials we expanded the duratiott of' treatment.

In the second stltdty, we used a relatively lower dose, I mg, administeredOn :3 cotscCutivC days, again starting on day 20 postovulation. Of five pregnant habo)olns treted with this 3-day regimen, one aborted. Progesteronelevels it thislanlimal were already (eclining at the lime treatment was initiated,and it is di ftitIt to exclude the possibility of a sp( ntaneouts abortion. In theremaining fMir baboons, there were slight, brief declines in plasma progesteron,, which st ion recovered and followed the normal pattern. In these f'uranimals, estraliol levels were elevated after the first or second administrationof the agonist, and only returned to control valies at about 10 days after the 
initiation of treatitent (Fig. 9-4).

We next utilized an osmotic miniptimp (Alzet) which releases I t1/hr over7-day period. The concentration of the analog was a 
100 tug/mI, and therefore 100 pLg/hr, or 2.A tug/day, was released ovcr the 7-day period. Of fouIr 
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Fig. 9-4. Effect of three l-n1g doses of WY 40972 administered on days 20, 21, and22 postconception in plasnia progesterone and estradiol levels in pregnantbaboons. Arrows and vertical lines indicate days of treatment. Stippled area is sanme 
as in Figure 9-3. 

Fig. 9-5. Effect of WY 10972 administered fron an osmotic miniptnmp on plasmaprogesterone and estradiol levels in pregnant baboons. Release rate (100 [Lg/hr) was
constant 
over a 7-dai period as indicated by the cross-hatched area fron days 20

through 26,. Stippled area is same 
as in Figure 9-3. 

treated baboon;, the one which aborted had never developed the increase inplasma progesterone characteristic of normal pregnancy. Vaginal bleeding
was first detected at 48 days postovulation, long after the expiration of the
osmotic minipurtp. lit the three baboons that maintained their pregnancies,
insertion oIfthe tiniputups produced essentially no effect on plasma 
progesrerone levels aid a slight increase in estradiol levels after 1 to 3 days,which subsequentlv subsided to control levels (Fig. 9-5).

These attempts to interrupt pregnancy in 
 the baboon with megadoses of'Wy 10972, a potent synthetic LHRH agonist, are discouraging. There wereotnly two abortions in ,,total of' 12 treated animals and at least one of' thesemay havelbeen aIspontaneous abortion. There is some suggestion from theosmotic tfitij)iun) results thaip a sustained exposure might be more effective.The use of, high doses of this agonist for short durations as an early pregnancyabortifawient agent appeairs unpromising and, indeed, studies from otherlaboratories widh other 1.1tRHt analogs in both nonhuman primates and ho mans appear to be in accord. Results with the "megadoses" of LHRH which 

we have em'loed suggest that merely increasing the dose may not be an 
efleCtive approa(I.
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Female Contraceptive Potential of 
"Super" Agonists of LHRH as 
Assessed in Infrahuman Primates 

BRIAN H. VICKERY 

Over the past six years a steadily increasing number of reports have enumnerated actions of' LHRH which appeared inappropriatefunction of this hormone. Tihus, (loses of LHRH that 
to the physiological 

are appreciably higherthan those required to stimulate gonadotropin release and to stimulate ovulation have been noted to delay onset of puberty, inhibit ovulation. and evensuppress luteal function. These findings have been confirmed with the superactive synthetic analogs. Tihe unexpected and unexplained nature of theseeffects Causetd then to) be dubbed, genericallY, paradoxical antifertility effectsof I.]RI I ard its agonistic allalogs.141.41 

OVULATION INHIBITION 

Jolson larid ,associates' showed [D-I.eutj-.HRI- ethylamide to delay vaginalopening ando i libit ovarian growth in the ininature rat, preventcycling, and cal se reversible atrophy of the ovaries andi 
normal 

uterus of the nattir,rat. Tihis ability to prevent cycling has been 
assay fi0r 

made the basis of tscreenilng1.I110I agonists" and has been extended to aincling caltle 24 all 
variety of specieseven dogs.1 "1he rapid reversal of the est rus-su ppres

sant activity hr s led to a suggestion that LIRHI agonists could be of Ise forcycle svilchronization in farmnarlials",
 
Guided by initial reports that IIHRI-I and its agonist analogs
effective in were poorlytie more readily available laboratory primates (such as rhcstsIor bonnet" illacaqties) ht hal;t1 baboons showed good response, 1

investigation of ovulation suppression 
we began

in baboions. To f . inimize traulma during chronic drug adllministration the I-IRI-I agonists ([D-Trp'Il-lIlIRii ethyl-

I ackiowledge the'dse 13llaborltStevens. Excellen t thub 
iollof Ms. (Geohgia sso-assislalloc was 

I.McRae and Pliide \'en ol t ,1WrlividelsaiJohn Rowland, Anne Woiden,Ri 
tv Susan Rinne, Patticia Kirt igatuer, (Christaiard Sei"denlt_,g, Karen Bergst, 1 .JohnF, and . l'Powell.Radioirimnoass

5 s were titerolrle1t 
and at 

'i William Brilites, Agnts Bajka, and l)or.othv latlenire,1 
were supto)( ihe studlies 

the Ia 1o1altd iCs of )r. S(ott m3o ri e andI Professor V'ernon Stevens. S o(ded inpart Iy NII1 ( ntratt N01-111)-0-2811 to SYlex Resea ti. 

109 
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amide and [1)-Ala"j-1.11 RI ethylaniide) were frnluiilated as comipacted 
holesterol eImlhtS ' atil ititlated subcutaneotislv. \Vhe pellets cnltairiig 

a rota! ofIo )(0 pLg'kg wyre itmplanted on the first second (hi oNf I'or 111Cstrui
ioll, was (lCAiCd lvbfotut 2 weeks."1 Other sholot-trii .stot(lics wereovulation 

reported showing a siiular effect of [I)-Ser(IIiU)"j-LIIRII thvlaiide oil 
" i'u shcnl admitistercd by diaily injection tacaques. 2ri to stilinptaild 

01igCr-t.ertti stiil.ies were their riounrted in both rihestus' arId still)tails2 ' 
ar1d have shown tha, 6 to , ionths continuos trealiient with cither [)-
I IRI I ethvlainide or Il)-Serl'B)1-lIl RI ethvlaritide i S ittrsisteiit 

with (lttilitTiZttis s'uppression of oviulationl (Fig. 10)-1). A rapit etuill If ovu
litior follows cessltioll of treatment and is SubNc.edl(l t lutealI ,iormil 
plhse,ias judcCed iv circurlating levels of progesterone. Ovulition suplression, 
;issh<o., itt this case with [D-NaI(2) ]-I.JRII," is assiatlcd with brcak
thioigfi bleeding or, at nirrtiples of the trijiimal eflf.tive dfose, with atcn
oTfhea after itle first c"cle of, treatment (Table 10-1). 

11 h'1ClS at- klilhftectable through the piiV)d of doisiig (Fig. I0-2), bu 
F1S11 l\ls shtw tit) consistent change. PrCovurlatonv surges il esiraldiol ar-e 
1tint 'ell a(i basal levels aire reduced to Carly follicular phase values. Focrtilitv 
is iiarkullx suil'pl ssed but incidence of matilg is tw]llIgec.' Il tIre stllilii1 
tadl,-d t1t .;ute, goniad ntripitt release was riot stimulated by an exogcrotsl ' 
sulppled et(llogel! llg'.+' rhesus, injection of l1)))00 It of It(+(, atl itllthe 
ti;idt 5hit lid 1 it itui~lc oviilatiotn.* lhese results setll to indicate down
regulation U lWbe 00 ctrriing at both pititilr and oariari levels. 

ser\cal trial, ino\.lving women have had resuls colipal;rlelo. witl, those 
ilnlvling iliflhtlalt iiritates. An early study showed that daily sublctita
tiCn1ii itjt. 1 (lBt.5)'-l.! IRI I ,tfvlaride, ldrinristeredtioi of igdav 11)-Set 
ft ti inctissttitllti lotprC'cnted ovulation it four wIlnilrtO Siiilir itditgs 
resulted firuilM) Lg per LivNof LI [Rl) '12and 2.5 Ig/da of' [l).lrp"-.I IRI I 
cth litte. Nasal adiniristratioti of 1-Setr (I'BlU);-liI I I1t lilaritic has 
es'ltblihccithat ovutlation is consistently inhibited by daily lsdes f .1()0 ug or 
a,.": iregutlai bireakthirough bleeding or- anietorlria is obliserved. 

sc\uts -six \ONICtI.. Used rio other w:i)uiraceptive, arid no pleglialics resulted. 
0)5 iiltt tretuirnis Within Atweeks of discontinuatiot of ip to 6 montlis of 
iicatitteiti. Mear (stradittl levels, piattictulaily itt 'le atirorlteic population, 
tic I,t's.,t following eitlicr rtas~ll (orsucl itarieuts a(fiiiirist tinlo i.-

I)ESYNCIIRONIZATION OF CYCLES 

slit-etit at1d cll'iigtiles shl'vcd that ia single iln"jectiion of II)-lip1-IllRI I 
ctlhvl.inicfc (luiing tIhe a'irlv follicurlalr phase itl wonirer catlsed a delay itl 
n utfitini.n. t ' lfirec inriectints of' 50 pg ed)-'rp-i-IRIt duringcthvlaniide 
titetiItruatotlli ill thisus irionike's caused t intsutfficient hiteal phase and pro
t ted ftofin pfegi'it t v.' \\ have bt-r.i litnale to duiplicate this lalt.r finding 
wit Ii three ilails itt ec ttunsof' 50i pg 1)-Nail (21J-IIRI 1,althotigh dela' of' 
oulatin1ii was obsel \ed (Fig. 10-3). 

(Text Contlinu'. OilP. 114) 

*\Vtkcr lit. Nt Rc (,.:Utnpublishcd data.
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TABLE 10-1. Effect of Daily Injection of an Aqueous Solution of [D-Nal(2) 6]-LHRH on Incidence
of Ovulation and Breakthrough Bleeding in Rhesus Monkeys 

DOSE BTBtNO, 
 OVULATIONS PER ( )tg/day ANIMALS CYCLES TREATED' DAYS§ 
-
 5 13/14

0.31 3 7/9
1.25 3 1/9 
 13(2)5.00 3 0/9 10(1)20.00 2 &,6 
 2(1)1180.00 3 0/9 3(1)11 

Duration of treatment was 90 consecutive days. 
tBTB = Breakthrough bleeding. 
tin anovulatory cycles only.
§Number of animals showing BTB.
1IBleeding associated with first cycle of treatment only. 

1)1 



1LH RH -T Pellets- #4 F0 ----

- - 219 

1 0 mg/a mal#156 
106 Sham Implants 

t
 
:25 

24 

23
 

22
 

21
 

20
 

19 

18 

17 0 

16 
S15I 

I'I IIA 
1 14 -
S 13-12 

11 

10
 
0
 

9 

Ii8 4\ fiII 

i , I I I 

3
 
a

- I 

6 


1StImpaIan 4th Implnalon PelletsRemoved1 
-


"-

11 00 
1.3
 

, 
k1k-

l0°°A,! 
.0

" 

0', 1 0 

3 10 

i 
a' 0o\ 0 


aIai 

:'-0 o 'L,,o' -


I I t I 
, 

. .J.._,j.I_
-t- .L---,-2-
 263
239 255 
106 114 122 207 215 223 231 247 

IE,124 32 40 90 98 

t DAY OF STUDY
DAY OF STUDYtDAY OF STUDY 


P elles Rerovd
4h Implantaton151I planhlhoun 
month
with I g per alimal pe<r

mowtlhs' hr()ni tlctiltlltFig. 10-2. Ettc(t ( 7 

d la] vel, of 1.1tand FSI- i ['litlelaiiieof i) elle.tMI-lrp l-4,ttR el'hyl plas 
uiddle pallel: ourth I l)(l ;

t '' atillll lIn1Olltl o 


p~at-: IllOll t)0h)mvg cs(;<S;iol1" lltl.
 
It -sulsI no(likeVs.1.1 ll -1: filst 

O oftright 

112
 



22 

20
 

: 18 RHESUS MONKEY #S-2 

w 16
 
z 
0 14
 ccLU 
1,- 12
(n0 

0 Day 13 
 Day 20"cr 8I Day 18" Day 13" 
< 6 D-Nal2;6 LHRH D-Nal2 6 LHRH0 450 


50 pg/day g/50 jg/daya 

0 
Menses 29 dy cycle 37 day cle33 day cycle 30 day cycle' 

120 
 25 1 5 10 15 20 
 5 30 35 1 
5 10 15 20 25 30 
1 5 10 15 20 25 30
 

DAY OF CYCLE
st rise in progesterone
 
Fig. 10-3. Effect 
of three daily injections during menstruation (50 p.-g per animalcycles) on internienstrual interval and plasma levels of progesterone 

per day of [I)-Nal(2)"]1-LH RII in two consecuitie 
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LUTEAL SUPPRESSION AND PREGNANCY INTERRUPTION 

Studies illr-ats" and rabbits"" on the jiostovutlatt<rv elffe(Its (f'LHRHi agonists
led to fil suggestion b.%(olhll anid (o-,'irkcrs''1l ' that these agents nmight
be ef fective tt(epit viaagents act intig itc lysis. Prcniature dentise of the 
corpus ]litetilt hias ,also)liell seetn ii tile (log following treatiittt with one of
these agents.' The suggestions We'c rtpidly allplied t( intestigation ill
woliell. Prteliti-ii-v toilisilig results were ot)tained with inljectioll of' LI IRHitself;301 cl-'rpl'j-llIRIll o1 naisal aduiniistration of' [l)-Sertlntlliid le'-: 

(TBU)'j-I Iti I tthvlamiche." 'lhcllunnilir of doses ranged fioni 
 2 to 5; all
Studies, which werc cotlit tcd illfit luttcal pliase of liolrliregliallt womien,
d(nIefllostted lu.ioly'si1s. I lofw'cver, i<trtrttcritl', atttnllpts to s5l)lress luteal
fiution il fa.lCtile (if exogenou)tS I](:(; ,idillinistratioll. or-(luring early
pi egirnca'1 have fared polr'ly. lhe stuldcls, which deal with the ability of a('(it't' (It ilas) of t;ltnt with I((; to colilciat the effeclt of' two inijec
tions o(fII RII agoniist, scel isomelwhat lirnlited basis F0r tile ti0or proignosis
for thesc agents during early pregnli(y.


( )ur owitl tudics, using two injec(
ttions of uii to 501 pg/dav II)-Nal(2)"J-lJ IRIt
approxinitaltclv 9 Mid 8 (l\s beoreV expiected ilielsti'tation in the baboolln,

have showi no ciiatg ill Ilital phase length or illclirclitling levels of progestelolit. ()Illtpreviou studies with pelleted II)-Jlr)'jll RI I cthvlainiide or
II)-.'\lai-"ll lR I(-tlliiLttilei itfipitoie alproiliiittlely I d1ays aterlovulation,
oll the oelht- hi](f, sliowcd ia (lt~il-<ul hittal sulp)pressinrt a prellailil

)lit(1iilolli.', Aot<o.t iitl." 
 ftitiiher trial ittll niaooriswas erforiited isiig
Itti dalilv fitte It, 5( rtg/day Il)-Nal(2) i-IIIRI Istai-ling oilthe
trlls of 2, or 

third i '  
t er vrtl tiorA.' signitiiatit, dose-r'latt'd stppJ)ressive efft'c(, oill

hlital phas plJgsttlo1oe was olistrved (][.able 1(-2). At ht highest (lose

leve.l i iteglat i ltt(" of progcsteiotit fot ite ltitcl phase were 5.,1 j of
(otlitlilp lailrl
ottrol viliiws aid 5W/i of' vahitCs ObIsteir l forlprevious cycles

il the. sallt ;iiill

rioit is. Iittal pliis, (ltrati(ll was shl ihtel l Ilteattieit butttt a dhose-resporaset-n-.lacl to rrlllt. 

Siililat dla hae\, [wen tel)<ortd lo wlltll altIll iister(l II)-Scr (TIBU)"j
1 tRI 1ctlhtvlailii(he, 600n 
 lgla\filli oasally sialtittg (1( (lays aftir ovulation

and (oitilltitg tiiil 015(<l of itltciirt iaillon." sttarnrg'!,.,daily nit,elion of i0 
p-g 1l)-Setr (ll 1'-lil I (titlallidh illworiell starling 5 to 7 (lays after 

TABLE 10-2. Effect ofTen Daily Injections of [D-Nal(2)'J-1.HRH Starting 3 Days after Ovulation 
upon the Integrated Values of Plasma Progesterone during the Luteal Phase 

INTEGRATED VALUE' FOR PLASMA 
PROGESTERONE - S E.

TREATMENT NO.
 
f-g.DAY ANIMALS Cycle Prior to Treatment Treatment Cycle 

Placebo 3 74 -25 84 = 11
2 3 86 20 74 ± 510 3 72 10 
 52 19
50 
 3 77 24 
 45- 5
 

*Arbitrary units by planimetry.
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 Ohr lhr 
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 Ohr 1hr, Ohr
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 8th 9th or 10th

Injection Injection 

1st 41h. 5th or 6th 8th, 9th or 10thInjection Injection Injection Injection 

SERUM LH 
ng ml o----o 
SERUM PROGESTERONE ngrmI aFig. 10-4. ell otle"f 
 (liilv irtjeCtions ()f[I)-NaI(2)'J-IHRJH starting 3 dla,'sovulitimi,,on a1ttitc after'


euol ses it) 111.-,crt5 and progestrolte levels il II
eliale
 
buboolls.
 

ovulatiol and co.lilltluig illtil ollset of' inlenstirl'atiol had no effect on Itteal
 
phase pl(ogester',lie anl 
appear'ed to extendItwas Ititeal phase duration."condcuded that tile timing of' onset of' treatnerit was critical. No datawere given1 ()n tlie bioequivalence 
(loses an( routes used. 

or blood levels resulting from the differeli tThe tilechanisin of, action of this luteal suppressive
!le(( ICI atilIso)l)sc -re,particula
svit, ill 

dlvilllight of tie (ontinued a ICte r'espo the baboon of botlh pituital-v and corpus lutetiln (Fig. 10-,1). A recentstudI has shown pJlasnia estrtone (but not evadliol) levels to rise f'!,),,vhig [D-Lel"J-.I+RIi ethlamnide treatment in blai ,us (Fig. 10-5)*. In vie v of' thestiggested lteolvtic effect of estrogen in the primate, these estrogen effectsni1;,' play a part in the luteolytic mechanism.
Presllati , th(e (oliintatioln of' c(otinuous dosing (pellets) and the timing
of* statI tlfadniiiistr'ation 
 (-- days after ovulation) with I)-Trp<J].I RI 

*Steves "Vc: esonial cotticatlion, 1980. Also Figures 1I0-7,10-10+1,
I0-11.
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Fig. 10-6. Effe(t of conlcurrelt rclreatlte ,,ith pellets of Il) 'J-IllRli 
etl.s'It.jc* plasnia ([.IIRH-T) al( lU o(il iut -ialphast (htrtltio land plastila levels
of prog ster,.,.in rhesus nionkey ,,; I Ing of I. IRII-T %wassilhtj_taollcuslN 
tnplpi'llttf pet atittial il I thtt g(1ughof t(e( c; ((10 It: NX; per

animal was ini(ted IN daily frotit das I throiugh (6 of the (ycl. (Asterisk
ii'ldlht, .-letr 0?(.t)5'.)
 

ethylalilide (tnicdcotlt for ot. filldiilig4" that this agent ant;'gollizes tile ef'fects of' exoge tlots) h )(both on luteal pl-ase duration, tn(d on progeste-one
levels in rheslis nionkeys (Fig. 10-6). I)ailv suI)utailetlis inettiol of 1.5 mg
fD-Leu ]-l. -IRI I ethyl;ntide has recently iben showl to altaig(ize tile stet'oidogeti(c effe(:t (f 1000 or 200) IU i ; given (uhl for 3 das to fetitalebaboons (Fig. 10-7). Of'course die possibilitv that rhesus ntoikys and baboons are nioire slnsitive thln wornelt to the piiailoxical efTects of theseagents catnot be ruled (Jut; however, it seents un likelv in light (f reports of
decreased sensitivity to goniadotropin-releasing effects.l 
The results of our studies in pregnan: bah i,;s3 also c )ntrast isitlh the 
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reported lack of effect of LH RH agolists in pregnant women."U Administra
tion of 125 fig/kg [D-Nal(2)'1-I.HRH (n = 2) or [D-Trp']-LHRH ethylamide
(n = 4) by pellet implantation beginning on the 14th to 21st d.y of gestation
resulted in termination of pregnancy in two of six treated baboons. In all
treated animals circulating progesterone levels, presumably luteal in origin,
failed to rise in response to rising levels of chorionic gonadotropin as they
did in controls (Fig. 10-8). This rCsuh, and the rhesus monkey experiment
showing antagonism of the steroidogenic effect of exogenous hCG,51' may be 
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GESTATIONAL AGE (DAYS
Fig. 10-8. -ffect of suI)cutnCous inllizntation of 125 g/kg [D-Trp"]-LHRH 
ethyaide (n = 4)or [D-Nal(2)"]-LH FH (i = 2) on seruI levels of progesterone 
starting on day 14 through 2i of gestation in pregnant baboons. 39\' 
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Fig. 10-9. Effect of subcutieous illiplalitation of [e-'. 
 etiivllanidev-IR or[)-Nal(2)'-lt IRII on seinni levels of Ch, rioni( gontadotropin starting on day 14

through daY' 21 of gestastion in pteglant bi)aboons. 

likened to in vitro studies that have demonstrated an agonist of LH-IRH t)directly inhibit the response to hC(; in dispersed rat luteal cells."Ii This directactivity appea-ed to be media ted via specific binding of the agonist [DSer-(''B UY)-1.]-I.RH etylamide. More recently it has been suggested that theeff.ct is dte to a hinucti onal uncoupling of the LH/hCG receptor complexfrom adenvlate ccxlase. : 'After the 23rd day of gestation progesterone levels 
did rise tirkedIN,(Fig. 10-7), but this wts though to reflect a placental con0it 1(i inkeeping with recent findings in rhesus monkey.' Interestingly,the profile of' circtulating chorionic gonadotropin was truncated in all treatedan inials (Fig. 10-9). Suppressive effects oul circulating progesterone levels inpregnant baboons have also been observed following daily injection of' 
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LH RH* and [D-Leuti-Lt RH ethylamide (Fig. 10- 10). Again, suppressie effects on chorionic gonadotropil secretion were indicated (Fig. 10- 11). In viewof the recent findings of presence of an(d putative gonathotropin-rehasing
function of an L.HRI-l-like molecule in the placenta, -29.17.,13.4 this mayrepresent a down-regulation of placental receptors, simiih r to that noted for 
the pituitary.' 7 

*At'gren RA,Stevens V(: 1'crso>nal
fomm iC(ation, 198M0. 
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CONTRACEPTIVE POTENTIAL 

From til experience with the LHRH agonists so far, the progrnosis for theiruse ais ovulation-inhibitors is good. The only drawbacks so firu Voiced are thequestions of desirabilit, of the associated aimenorr'hea:ticenorpatisal-like 	 possibilli tv of either astate from too little estrogen production, or the dangers ofuiniopposed" estrogen; and lack of oral act ivity in presentl available agents.Amenorrhea may be preferable to irregular bleeding episodes and mayhavc to be a consequence at present. Data so f;.,, have not Indicated either aliypo- or a h yperestrogenic state to result froi; even 	 long-term treatment.7It is frtinllate that tile extreme potency Cd thesC "St perT" agonists has allowednasal ad in iristrat,on to be used in these earl v studies. Whether this two-logorder increase in dose requirement
ecoriorno 	

Lir nasal over iuj.c table quintity will beically feasible is not clear. I Iowever, work is proceeding on alternativeroutes and formitlations (e.g., vaginal depots and depot injectables). Clealy
should tile lack of'toxicity noted for these agents (ontinu e, we can ant icipatean additcon to our cc'ntracepti\+e pharncacopei,.

ITe u ses of I-HRHI analogs for des\'nchi-roinit icic, fIillicular luteinizationin the ali en-e of ovulation, 0 induction of inadequate huteal phase are in
the very cayrlv stages rf-invec:stirtion but d(o 
 not appe.r !cri;',lirillv, the iIcte-ceprire/nrcenst ccal.ilnductiicn ability of' these agents is controversial. Studies of 
vet limited dictation of dosing and minimal (lose levelIalipiclatioon with LI1 II aorists in women have shown little promise. Oil
the other htc,d, rimuhtiple-dos oich(ronic amltinistratioll via pellets inl infrahtiiran prima tes indicates .c igher prol:abiliiv of particularly at thesuccesshigher dose levels. It is anticipated that when optitim conditions have beenelcidated in the infrahucnla primate, a reexamination in women will permit
a final judgment. 
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Evaluation of Antifertility Effects of
 
LHRH Analogs in the Guinea Pig
 

CHANDER P. PURl 

ARPAD 1. CSAPO 

An attractive option for reversible unisex contraception is the use of LHRHarid its agonistic analogs to "down-regulate" ovarian and testicular functions.Since .HRH has a short half-life, analogs with increased biological activityhave been synthesized.1.1 i'lowever, a "L'outleneck" in tile preclinical developulent of these (o1ipounds is the species differences that limit the translatitM Of* anial studies to uau. This impediment might well be exposed by 
......Ong. a species with "h in-like" regulatorY chrmacteristics. In this effort, reproductive biologists repeatedly considered the guinea pig as a suitableIoidclel for p'ecil-ic]l studies. 7 

The guinea pig has been considered human-like fOr the fioowing reasons.Early ovariectomy terminates pregnancy; abortion occurs through the ex
pulsioll 'f" the uterine contents rather than through absorption:cIptuses; the onset of the conof' labor is initiated at high progesterone levels; and 
p'arturition cannot be delayed by progesterone treatment.(ur interest in the guiriea pig as a "model" species fin pharmacological
studies was substantiated by our exp-rience with (_;Eanalog of exceptionalclinical efficacv in postconceptional therapy.' This intramuscularly active(c tinpotind, Si!lproston, although relatively inactive in the rat, predictablyterminated pregnancy in the guinea pig." Similarly, the progesterone synthesis inhil)itor Isoxazol (Win 17,625), which had been 100% effective in therats,'" was ineffective in the guinea pig arn human. Encouraged by the human-like q ualities of' the gtuinea pig and these correlative drug responses, weexaMnined the possible luteolytic and abortif~acient effects of' two LHRHanalogs, [I-Trp'-'ro"-NEt]-LHRH (Salk) and [D-6-( 2 -Naphthylalanire

RI-I (Syntex) in this species during differerit phases of' the gestation. 

lhe atithors are grateful to I)r. James 1).
International )evelopment, 

Shelton of the Office of Population, ,gency forfor encouraging this study,; Mrs.to Elisa F. Csapo and (;abrieleLieder for their dedicated help and in the preparation of' the manuscript; ,ancd to Dr. RonaldStrickler, for his critical comments on the manuscript. 
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MATERIALS AND METHODS 

PEPTIDES 

The LFIRI-I analogs, [D-Trp"-IPro'-NEt].-HIRH and [D-6-(2-Naphthyl-ala
nine]-lI lRft were provided by .j.Rivier of the Salk Institute of Biological
Sciences and by B. Vickery of ie Syntex Research Laboratories, respectively. 

ANIMALS 

line breed guinea pigs were pu rchased from Cainio Research Laboratories,
N..J. Witint 12 hours ater spontaneous delivery at terill, tile f'eiialesiwerecohabitted with fertile males and the ttie when the vaginal plug was firstobserved was desiglatedias day 0 (if pregnancy.Each anminal was then housed
in anr itrdividuail cage with 1.1hours of photoperiod and ad lib purina chow.In aninials where treatmenit was started oi or after (lay 10, pregnancy wascolfirnrend either by l;rparotoly or bY palpation, tinder '-luotheiic anesthesia. 

EXPERIMENTAl. DESIGN 

To stud ,vthe conit rilrntjls of ovaries and the placeniae to progesterone bio
synthesis, pregiiiant guinea pigs were sacrificed on (lays 10 (i1= 5), 23 (1 = 5),
30 (n = 5), 13 = ofard tit 13) gestation. Both the ovaries and the placentaewer retriovcd, rinsed it saline, blotted dry, and stored below -20°C. The ova ties if sei l n pllregnart guinea pigs were refoveld 5 days i)OSt partuMIii.
l'he cf f'ct of iteSalk LI R101 analog was studied in 96 giinita pigs at threedifiercit gcstalitiril ages: prtinIplaitatioti, days 0 and I postilliplanlatiotil,

d(\vs 10 ,inrd 16, \ heii Ihc,cil-hia Illt are iiiselisable; anild gestationtal
dav .12, wirti ire (orpora luca are alre,,idrdispe isale t- naintenairce of 
pr-gnanc'. ()fthesc 916 atriiials, 52 (ex perliilreital ) received diffcrent dosesof tire p:plidC iIII'lloil bY' stub(rcli isinjection (s.c.) twice daily fn- 5 to 
8 (vs. "Thercilriltlin1 c1it'-ol anitrials received 0.5 nil oltllc vehicle alone..1.t 

Th ttlul)ilrg ol 
esn' alilils aird tlieir Ir'CiltiIiii schRdtUles arc striniarized 
in Table I I- . 

TABLE 11-1. Grouping of Experimental Animals and Their Treatment with 
[D-Trp 6-Pro'-NEtJ-LHRH 

GROUP NO. GESTATION TREATMENT TOTAL DOSE/ANIMAL
SYMBOL ANIMALS DAY DAYS lg 

A 12 0. 8 2400 (2 x 150/day)B 12 1 7 2100 (2 x 150/day)C 12 10 5 750(1 x 150/day)D 5 
E 

10 7 2100 (2 x 150/day)
7 16 5 500(2 x 50/day)
F 4 42 5 500 (2x 100/day)
 

"Sperm-positive day (vaginal plug).
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All anilials t lial slavicl Iu t'islIg I.1 R1 I aialog betweCl dav 0 and dav 16((It~i)~, ;-.) W%'t" sa. ifi .(I (,it (lIN 21 o f ;)rt. uti iv, whercas those wlose
ztirillt'lt wa;ls stai d ontida 12 (Group F) were sacificed nt day 47 ofpr'grian V. SN Ilt'× I. fIRI I-,niaolg (2 × 50tI-tg,'Id') was gie\'n to three cycling

arl six IfgIltill guinea p igs, twice dailk h. 5 .. 

COLLECTION OF SAMPLES 

Al iuto)s flit' \le i'ghts (i, tit IhcIliSt' ;rl lla( i e t Illteastel-tid werc . Hlearttldl(IlicIllic \(iII ii)hii isrAllt-s Imoll all tilie 'Xperirflitcal anirmals treatedvih ilk l1l II anaitilog and I liiv (otmro ls 'stie collected into hlepaniized
tis ,, sstvurtges,,ibh Ilt'Iar wa;s irttitlCtel sepalteld, sliap-frozen, and,t ,we<t below 20((. Il(- uiiruis ,tial utelln ,ialdplaccltal tissues wserealsoi i ut.l blimsv 2)'('. Il li stud\ witi the Sv':wx corimpounid, 2-milSItl(lts t i tidi sicIn c taken 


after treatliineu.
 

bli id \, dt ittttiedI,tIlv Iefor-e, (uring, and 

HORMONE ASSAYS 

I()ic"1cI-sI-tc t ill lltrit tl \'ts ritaSItl(I b% IbadiMitinrlru<ass us.ig a speI(n ,ilt1is,-r 1iii r1ii-,cd ill It fit aaillst p)gestclolne (1 lu-Ihemisurccinate)-
BS. S\. iSe. th Illitnl-ri ( hIll h , t thet. guinea pigs increcased the withinari l eI i N'l. k,ai ilirs. i di;iil (hi ,irltgraplhv s\sterll a,;ISroutiielvii',-l tH isi Ldt I c t Hlfm tHill IthIi plasill ,atld tissic sariples plior tol.s,. I lic lei nf 3. l-ilidr,- l-ktut(d-(;l (GI: were ieasuredtlh wiriq ( hiror i ,tl1ii.,titm iIg(pltIt I'( IM ill P(;F ont silica gel (sili
i(*;l~id ) (odl lils , 

STATISTICA. ANALYSIS 

I flit, i. fetei-,s iill lie llonct levels ill tire groups of conirol and experiliteillal ruill \\(.I(iwe atal \ zc Il\) Student's I test, arid tie Chi-square test waslistil It d't-in1iirte slitattistical diflercwce ill rte percerit normal pregrrancies
il t (lidill .itt gr ps. 

RESULTS 

llce tninllg odI tIle hiteoplkactial shiift o, ogesterone biosyntie sis foir tihe

Till citll(elr c I' f fIieglialu-Ni it) tile guillea-pig is descril)Icd iln Figure 
 11-1.
 
rtt'es(lt.\ 23i 4i prgruawri, 
 rI te oarial prgestcl-onie content graduallyinlrt'cisc, ( far, xt tdiIel rhue luulacId col lit. tAfter, day 30, the oval-ian<tpIrgester)lr (tit'ill strllted to d(c;Ise mrid tile placntal ipogestel-oneol till srpl, ill(ir',sed, iriili ariltig It shift ill pliogesteroe biosvnthesis fr'omMat'ies tI( l )I ttllltt. for p.egiiri \ rillaliritelialice. lhe icilioial sigiifi
(ate )f t le mi rl iita \vw, shol' b, l- ealie- finding that ovarnectomxn'inl t-e gliitea pig bIf r ila 25 (dogesllloll tips tile elltou-lilie ballatce andilt alirrl l,,t' I fnv.es er, if tire <ivaric(toilvlwas perforrned on day 30 ofge'statil, .a!tr'IIclilto lacerial ltlrogestcl-ole shift, tie anliials (10 riot 
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plulcitll '%eight (it fit tci ~iI )I i 1', 1 Iml1.) 
 - 0.2 g (dav 23) to ..I 1-0.5 g((1;v 30), illl I ).l. . 'q w l (jI N 11. 

alml)." hi t 't,\Ildic( (Icti. -ijiti(l the &;Iv ()I which tile IIr-tItll cnlll( behllclStaritel, noXdlmijlc lhc J>nv.ililr Inteiit( ;IerN.l )nmi(ifacicit actinn of 1I1 R1 I

allalng iI tli' gi.lica-lig iiind l.
 

T able 11-2 ilhl"is rtes thatl bctcrii dalys 0 and .12of pi" 
 gnancv, Salk 1I. Iagonist hail no,plntili(tabl. i(ftJol ol l('glilltcV, despite re,,eilt(i admiriistIhItiol lring 5 lo 8 (i s (I d(,, s totaling 5011) to 2.10) lg in oil. I'lh,'wcight!; 

AIABLE 11-2. Failure of [D-Trp'.Pro'.NEtI.LHRH to Interrupt Pregnancyin Guinea Pigs' 
GROUP FETAL WEIGHT (G) PLACENTAL WEIGHT G) % PREGNANTSYMBOL 
 Contro; Experimental Control Expe,'nental Control Experimental 

A 0.17-002 0.16-0.02 0.99'-0.04 1.06 ± 0.05 58 67B 0.16-0.01 016 -_0.02 0.91 -0.03 0.95-0.04 66 750.11 -0.01 0.16-002 0.77 - 0.04 0.82i-0.06 100 92D 0.09-0,05 0.11 ' 0.02 0.60-0.08 0.71 !0.04 100 100
E 0.11 .0.01 0.09-0.0t 0.77-0.04 0.77 t 0.03 100 
 '100F 15.30-2.60 17.20 -3.10 3.70--0.60 4.14+-:0.70 100 100 
*Autopsy on day 21, except in Group F, whero the animals were sacrificed on day 47

of pregnancy. 

C 

http:4.14+-:0.70
http:3.70--0.60
http:15.30-2.60
http:0.77-0.04
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TABLE 11-3. Progesterone Levels Ing ml or g), after [D-Trp 6-Pro'-NEt]-LHRH Treatment 
(2 x 50 ig'day) from Day 16 to 20 of Pregnancy" 

HEART UTERINE VEIN UTERINE PLACENTAL OVARIAN 
PLASMA PLASMA TiSSUE TISSUE TISSUE 

93-15 121 -18 
Vehicle Control (6) 

25-5 18--3 7518_t1210 

117_+ 18 141 14 
Experimental (7) 

22--6 16--5 8650--980 

*All values -ire mean -- S. .M. Animals were sacrificed at day 21. 

ot f'et1)ses ald pliitattc in thIe ((litril ,it exlrimchtal anulas wr-e similar. 
This irldicdht lit 1 -ilg :1hal migration Of the frtili.d ovum and after 
im)lantation, hoth ietiiie (i afte ltteoI)lacelt'll shifti inIprogestcroneoIt theil 

ibi05\itllesi. this (oliipoliitl hiu little+thir;pei itic prollils. 

lale 11-3 shows Io sigriicult di ffrclie illpiog'sterone leNvels in heart 
":11 utilrlie ipllai, tlertis. placltai, ,tI ovaries of wtontrol and expt)i-
iltltita iIiIIIIills treate'td ftr (i, 1) t1o 210 of pI Ixglanti"day ((Grotip E). Similarly, 
illthe othter gi lips o' allill ls at'itopsied either otil dl i N 21 or ,17 of ge.station, 
irogesteroti lt,ls wete i(litilal illtile control atn(l 1AIRIP-trcted groups. 

1 1'I'he level, of, ( I"at( ( I)'1d int tle uterine veil plasma of the experimental 
anlimals verc tilltihitllgt( tiltvalluesfrt(,ill illthlinorImal piregnant Contrtol
;mia~ls,Ii bletI 1-.t).
 

F"gtite 1 1-2 shows the pitogesteloie level ill guillea pigs tre',ttl with Syni
tex 1.1 IRl I aiilug frotm dlav 3 to 7 of ovulation aniul dilIng dlays 7 to II of' 
pritqli(\ . l)urintg tlie niojllul estrus vcle (Panel A.,Normal) the l)lasma 
ipow-slt ,t cI It-,eIs gr;IluiallvN, incased iutil day 10Ip)ostovulatioii behire the 
Itw'ls sltlrted 1i dc(flil, whe'rcls ill il t '(rse the proote treatc anima! ill 
gesterotielleve(-(lswas ohbservd L ovulatio)n. "l a dlie()n 7 of [ inistration of 
this alalog from Lay 7 to I I of plregliiV (luanll lB)e'iUsed a eclrease inl 
progcstero)tie+ le+'vels illtwo of tie three allinils studiedl. ()nIe f these guinea 
ngis ,tholrted 90 hours after the initiation of ihe trcatitit. [''l(,dministration 
oft S eIlttx thrc gtuica pigs fromo(INy to 2 fgestation had rioainialog ill 21) 
efftct oil te le.Nvelsof plogestt le , alld tihe p1egl allcy was intact in these 
antinils. 

DISCUSSION 

()r studies indic'ate that [1)-Irp'-11 ro'-N[t]-IA IR had no impact on preg
iniaiiv iII the giitia pii tnmodel, not even at high and repeated (daily (loses. 

TABLE 11-4. PGF and PGFM Levels after iD-Trp -Pro-9-NEtl-LHRH Treatment (2 >,:50 [.g/day) 

from D3y 16 to 20 of Pregnancy' 

UTERINE VEIN PLASMA, NG/ML 

PGF PGFM
 

Control (6) 0.53 1 0.10 2.41 -t-0.31 
Experimenta! (7) 0.421-0.08 3.17_+0.15 

*All values are mean --S.E.M.Animals were sacrificed on day 21. 

http:3.17_+0.15
http:0.421-0.08
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Fig. 11-2. EIftfe, f [i)-6-( 2 Nailithl-a aine.l ]-IfRH on progesterone levels it
o,(tiaii Still plasiula of :,lfl and pregrant guinea pigs. Panel A indicates meanpr ,gtstelonlt hvels ,f five wiials during potSovulatory period (nrmnal) and eff.ctof LIRl icr-..,iierii twi(ce aih' (2 50 f±g) frinx dav 3 to 7 f novulatin on th earinials..",t- fecicwse iII prnge.iteroue levels on day 7 in one N 

trea ed aintl. Palnel 
pli
B1iinf jaw ogcsc-,inie levels in guinea pigs treated frow day 7 t II nf 

Tlhe fetal and plac,'tntal weights and the levels of progesterone, PGF, and itsslth, ini abolite (I(,I.M) were almosl identical in the control and experimteia! aninils. These observations indicate that this LI-IR H analog, at thedose levels stud ed. has little therapeuitic promise if given (hiring tubal migrationl of the f'Crtilized ovum or after its implantation, both before and afterthe hintopla(ental shift in progesterone biosynthesis. On the contrarv, thehigher- ithogh statisticall, riot significant) ovarian progesterone content obstrved iii th. .tRI-I analog-treated animals (2 50 ftg/day), having lower
I x

litter size (1t.(1_:0.7) than the controls (5.8 ± 0.6), couli be interpreted as 
;a ndication th,f' drug's l1uteotropic action.


O1.ur ,'liminarv naservation that [D-6-(2-Napfhtlx'[ailNm;tinej.LiRl-I 
 lowered peripheral progesterone levels in nonpregnant and early pregnantguiea pigs stggests that this analog might be huteolhtic in these animals.Sinrce the pro gesterone levels were normal and pregnancy remained intactwhenl ihree guinCa pigs were treated after day 20 of pregnancy , the luteolyticaction (,fSvntex 1.1I RI- analog appears limited to only a few days dlring thecycle aind very early pregnancy. However, the results obtained from a pilot
study using a small tumbher of animals must be interpreted with caution andneeds to be vvrified ina larger study. The difference in the response obtainedwith the two different analogs in the guinea pig could be attributed to the 
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diffe'rcmei inI their -lstenci's or tile de'grece toIwilih] structural ilodifIcatiorIs
of these analogs ilignie t tile secet oryN sl'lVSPIISof tile endocril "land.

Studies witlh I'll laialogs ill( (0!isistentf iII showinig their luteo!vti: and
;lortifatjeillI lonsm in rats., 4.21.2i l<owt vCr, tile efTects ohserved in primates
are not s ;llw;ltll itr(t Vc ill inlier't.nce. Snltheti( LIl RH and its analog
[1)-Ala, do.'s-I;lv"N-l.l11 R t,whiih ilh teased tile sclrnn l.1 levels in rats, wereillei t' ;ll it(l(illg (Atiisiderahle' rise Off SCrum 1,11 I Oile rhcsu:S anod bon-

Itl Iltoinke1s. 11,
Si1ilarly, Salk 1.I1RI I analog, which is a potent abortifacientj 

S toill rits,- failetl iiitvrrtipt pregnanc il the htullal." Since this atalog did 
it)( iffc, I )lglliallc n file glillil pigs, it in(l(awts that the guinca pig andthe pricplilas Illighl have sillilatr responses to 1i fRi I'triltlilt. 
Ilithe htim i,I.1lRHt andll Its;tllog 1(lcs-(;h-Nlt., '", proeth l amide]i.IRII h d no1(signifit tieffe(t (MILItC;ll lAiiAlS( ltlegthif giveil ilmediately'fo lhowitig oull~tiotl.""I lowever. when given llate i tilt lutcal phase,
liitelstci ( I wls lil plUmilnl () 

the
 
o M thilel,otsiltl hand, ill tile monkeys


h111teolsis %%;sC%(d hen 
 It D)-lIrpj-Ll I Rl I was i jected onl day 3 to 5 of*,UItilltoll. ,ilidil al [m lect llt(\wille treatmnltl its delaved to (liy 7 post
ltilii~lml.' Illthell'illca pigs llso. Ss rltex 1.11101 uialog :urlitiled the corpus
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Discussion: Physiology and
 
Contraceptive Effects of LHRH and
 
Analogs in Female Animals: Agonists
 

KAMRAN S. MOGHISSI, MODERATOR 

Isolation and synthesis of I.HRH in 1971 were soon followed by the devel
opment of potent agonist and antagonist peptides in the hope that these
compuntds might prove to be useful for stimulation or inhibition of go
znadotropin release and ovulation. 

IThe preceding presentations have focused onl the many effects of agonistic
analogs; of I-I RH in experinmer.tal animals. Originally it was believed that 
LI IRI-1 and its agonists might be useful for induction of ovulation and en
ha;I of fertility. Indeed, these compotunds are capable of releasingnc-enen t 

pit nitary 1.1I 
 acid FSH and inducing ovulation in a variety of animal models.
Early studies, h( wever, established that agonistic peptides were also potent
iitfii:-of' IhI( )rocesis. L)ependinug ol the species used, dosagereproductive 

a 
libited l)a adoxical effects such as a'ovulation, luleal phase deficiency, and 
termination(of established pregnancies. 
The anti reproductive property of thte.,e analogs is directly related to their 

givea, tIl, ,ieand frequency of ad iinistration, these peptides have ex

pole(y. Il general, the greater the agonistic activity, the greater the antifeirtility property.
Admittistration of a parent LHRH molecule and a large array of agonists 

pre- and postimplantation to inseminated rats inhibits pregnancy. Extensivestudies utilizing numerous agonists inseveral other anitial models have dem
onstrated predictable postcoital contraceptive eftects. 

Supportive evidence for paradoxical antifertility effects of LIHI RH agonists
cones also from other studies which show that this class of peptides has the
ability to retard puberty, disrupt estrous ,cvcle, initiate premature ovulation,
induce luteolysis, cause ovarian and uterine regression, reduce fertility in
inseminated animals, and inhibit the ovarian/uterine stimulation protduced by
hCG. These effects ;ire reversible, and when treatment has been discontinued 
or the pregnancy terminated, normal reproductive processes are promptly 

I'anrilLt,: Ricardo( H. Asch, V. Daniel Castracane, Alan Corbin, Brian I. Vickery. DiwmLcsantv:William F. (,rowly jr., I horacio B. (roxatto, Fernand Labrie, Hugo Maia,Jr., Ehard F. Nutting,
Khairia Oniran, Jurgen K. Sandow, Manfred Schmidt-Gollwitzer 
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restored. Ihus, even though these peptitles are known to release gonadotro
pinls, to stimulate ovulation and to pirnote fertility, their antifertlity proyperties, which have been am ply doc ;.iented, make them attractive candidates 
as possible co traceptives.

A series of eiegant studies in rhesus monkeys by Knobil and his associates'have shown that gonadotrophs of the intact pititin ary respond to iunvarying 
pulsatile (inRll stimulation originaing iomi die arcuate nucleus of the hvpothalamus eleasirig pulses of FS I and ILH. Imnnature follicles in the ovaryrcponid to this unvarying gonadotropic stim ulation by increasing ini size andsecreting increasing quantities of et,'adiol, which intuIrn causes the disc harge
of the preovulatory gonaditropin surge, when it exceeds a t ritiual threshold.

Knobil has demonstrated that the adnmnmsoion ot ah unvarying usatileGnRH replacenient in rhesus monkeys with a ihypothalamic i gon(a-Culatle
nucleus) that have abolished eidicogetious .;nRi-I production reestablishes
normal ovulatorv cvcle. When intermittent( (;nRI replacement regimen wschanged to a onit inuous infusion of the peptide, gonadotropii secretion
inhibited. 1l'his inhibition 

was 
was gradually reversed when tle pulsatile mode of(;nRIH administration was reinstitutcit. Alterations of frequency, or anipli

tude of pulsatile administiration of (nRli in these studies, resulted in various
(list urbances in tlie pattern of LI I,FS|{, and their ratios.

These experinents clearly demonstrate that administration of IL RI-I andits analogs iii a noniilsatilh fashion or in excessive aniounts in\ariably leadsto the pheioninuon of "down-regulation'" ad a state of hypogonadotrnpic
hypopittuitarism and all "'fthe expected effects of absent or decreased sex
steroids on the target organs.


lin the female, |IAIRI I agorristi 
 analogs produce large increments in serum
Li| levels, dist(ortd F|Sti patterns. inappropriate prolactin secretion, an d ecreased coicentration cf gonadoiropin and prolactin receptors in the ovary
Ihese changes are associated with luteolysis, impaired steroidogenesis, dcelayed estrogern secretion, decreased progesterone secretion, and elimination
of uteinne andhr plmental support resuling either in inFirtility or inhibition
 
arid/or termination of priegtiaicy.


Several investigators have reported also findings suggesti'e of extrapituitary. effects of these anailgs. In hypophvsectotnized pregnant rats, adhninistration of 1+IIRII or agonists leads to pregnaniv failure, implying a direct
effect on either the ovary, lacenta, or both. (tiler studies have demonstrated
that the placenta contains I|IRI-I and is capable of' synthesizing this peptide.
LII-RII agoriists cati block follicular maturation and ovulation and reduceovarian FSII/LII receptors indutced ini hypophsectom izecd inmature rats byexogenous gontadotropins. 'Ihe aroniatization of' androgens to estrogens byvmonolaver cultures of gratilosa cells can be inhibited by IA-IRIi and itsagonists. Further evidence for tile recognition of these peptides by tile ov'aryhas been provided by demonstrating that IRI-I and several agonists caninduce ovulation in hvpophysecton iied proestrous rats ini a dose-irelat ed 
maritler. 

Questions were raised ahmoi ovulation occurring following LHRIH analogadministratioi in hypophysectomized rats. In particular it was pointed outthat in many instances pars pmst-tuberalis of the pituitar) , which is supradia
phragmatic, remains intact after hypophysectomy. Exp :rierints have also 
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Anotcher concern with chrolic use of agollistic peptides is the development
of ecdotnetrial abnormalities resutting frott unopposed effect of estrogen in
prolonged anovuilatorv state, as derionstrated in a later presentation in this 
workshop. Endometrial pathology is more likely to O~Cur when the absence 
of progestational effect (a ovtlation) is associated witi h'perestrogen state. 

The use of 1.1 Rt- analogs for tollii iar Ilti iZation witholut ovulation or 
for ill(IuCtiotl of luteal phase ectos does rot appear )romising. 

Finally, the inter(eltive (tienstrual-inclttion abilitv and termination of' 
early prcgtlatl(v ) properties of agonistic peptides, though protn-ising in some 
experimental ;aitcals, remains acl area of cot rocversv since prelincinary stud
ies ilhictaills show little promise. 

REFERENCE 

1L iw n I Iic:l jw tn l, totioln of the tietiiidal (',t t. Ini (,reep R() (ed): Recent 
I'jogics in Ifoioi - Re "ecI'hi.IT 30;-53. Nev YOlk, ,a' dcnit" Pr'sc , 19H8t 
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(;nRH is of physiologic significance in regulating reproductive functions. Experiulents have shown that active or passive immunization to GnRH resultsin infertilitV and gotladal atrophy in both male and female animals. .2.7,.H,1 5,20.22Antot her apiproach to investigating some of the functions of the endogenous(;nRll has Ileused aldmltin istration of' GnRH antagonists during various 
philst of thti rcpltl dttctive cycle., large u11nber of (;n RH antagonists have been synthesized by severalgiotijis in rc(cnt .cairs 27 .V Thllouglh h early m)difications of thedc(apcl> idc (;0]Rll yielded antiagoniists 

,naN 

tihat could only block ovulationit( tict ex periti ellts, the first peptide that was 
in 

potent enough to be used inhmIlg-t cnlll stidlics was 2i iO [l)-jh]ul)-Phe ,1)_'l'qrj)]-(;nRll, whichshown to wasinhibit PI)eglT:icv in tile rat. "'Subsequently, nuch more potent andlog-actin g antagonists have been developed alltd used to inlilbit reproductive 
.ut11'liolls i I ,;1(ot h alel at fnalell rats.

At this tite. (;tiRlI antagonists have been alnhinisttired bef'ire and during
ptbert, , during estrousite cycle, and at various times ,f pregnancy. Thetollhitg setlitts present our studies of the actite and chronic aditinistration 
of (;tRfI atlilagoillsts to the fenale rat. 

I hit x ( h t'tc1t1le'iniital assistali(c of NaiiV Keatiing, ' oviQuijiiadaJi -1.vnne Boone, PonceHet jiict/,. Ron Kaii , John t'trtei, ;ianti Rick MN(litnto k is gratefultilcl [Jwledgec. Research%%asIpts ied in pait b, NIII (;iants AN 20917, AM 267-11, 111) 09690, fitl 13527, NOI-IID2821, the Rokcietller joun(tition, The texts-Salk Institute Fourdaltion and tihe March ofilinins-Bilt I cletts, Foundaitinn. Rtreinh was .orndtinted in part I)s The (lavton Fotmndationlot Rrs(It h, (alifoi nia l)iviision. )r:,. Rivier aintd Vaie are (layton Foutnd.tion Investigators. 
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MATERIALS AND METHODS 

Two (;nRi antagoillists were ulci;: 
Antagonist I: Ac-A: -lPro'-pCI.D-lPhe-I).TrpSer-T -- IrDTrp-N"M.e-LeI -

Arg-Pro-Gly-N 1t
 
Antagonist II: Ac-A -Pro'-I"I.).lhe-l).TrpSerTvrfi)eTrp 
 Ii.glro 

(;Iy-N1 2 

Sprague-l)awlev feziCine ra ts (180-200 g) were Iitalitdiiied under a I 1-hourlight, 10-hour dak regimen ,tI fCl Pu rint Chow and water ad /ir, itum. Whei
reqtlCd, ovd Iic( 0o11,' was p)erfornied under etletiiest hesia 3 weeks beItore
the experinicilt. Sludies of the cstl[ous c(le used oil' ,lli als which had(texhibited at least three cminsecui ye-dal' cvles. For iertilit 'N experiments,
intact drlilials were dllhwc(l to a(ljust to the euviIoliliiIowt ()Ie week and 
were the caged ii(livi(tudllv wid a liadlc ot& fertility. Mating wds
assessed in the morning by tilt, preselitc of a vaginal plug ,ill(l ()I stelr-Ii inthe vaginl lavage, this time. being designated (&IN one of pregianeiv. 1lloodsamples wicc oi)taiiled pcl)ii(icdl timlcr light elhcr ieslcs]sid. 'i'hc oul-
Wuiec of *)rcgiiil(l was ioi)itord(IClv Ihe length (If geslation aild the numl ber 
of dcli'elcd ipus. 

l'lasili--pidaltiII (I'RI.) levels were icasured with [lt NI:MI)I) kit aind

expressed ini 
 hit111 of i-PRI.-RI'I sstdr(i. 'lasma, pr()gcstro)Inc (I',) levels 
were ti'astrc as (lesijcl Lv RiviCr dnod \'dtle.)

Both alltgonists, sxiithcsizcd as dfesribcd Im. RiiIcr ; d ,hicrs." were
dissolved in ((1,, oil bv extensive witxilig aliud iIj((led subcutaleously (st)
il a voluit oIf 0.2 till. I ililess otile wise iiciti icd, AnlIgonist I was d(Iilliin
istered at ;a5-m,'Kg biwccklN (hMW I ait[I-mg/kg B\W(B\V c ain(d Antagonist 

dose.
 

TIME-COURSE OF ACTION OF GnRH ANTAGONISTS IN VIVO 

We have tseci two) ,f)prodiclhs to gain an appreciation of the (uration of
 
action of tile antagonists.
 

DURATION OF ACTION OF ANTAGONIST II
 
IN OVARIECTOMIZED FEMALE RATS
 

The till-coursU ' t at ise of Altgonist II oin L.I1 Secretion was evaluated in
gonadlctonici/et was 
in order Io allow bl( )d sampling in fireelv moving animals. Corn oil r 200 

rats. A WhtlitrtlicCd ill the jutgular vein of the animals 

jig Atagonist I I was illijcted sc and blood1 samples were obtained over a 21
hour period. As illustraled in F-igure 13-1, this ;ntagonist Sigilicatlv inihiib
ited LU pIwdh lion1 ho at least 2.1 hours. Similar resuls were obtained with 
a larger (lose of Antagonist I niot shown). lhese (data )rovided e'ideInce thatLii secrIt()n could be coisisteitly Supl)reSsc(l lv a single daily administration 
of the peptides. 
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x-- -x CONTROL 

o--o 0 2 mg ANTAGONIST
300 I-0 


200 
.4 

0+
 

100 

2 4 6 8 10 12 14 16 18 2220 24 

HOURS
 
Fig. 13-1. )uration of Antagonist II action on 1.11 secretion in ovariectonized

feniale rats. (iannulated (,var'iectornized f-emiale rats received corn 
oil (x---x)or 20011g (Anlagonist 1I) (o-0-o). LIH levels were neasured over a 24-hour period. Each 
1)()in
reliir,,its th, nean :t S.E.N . of six ,,uniia .v 

ABILITY TO BLOCK OVULATION WIEN 
ADMINISTERED 36 HlOURS BEFORE OVULATION 

A\(thel test (o rsists of the admli istratiot] of tIle Itt1goilists on the morningof (i cstrus-l...\ blockadtle of ovulation Wits in terlpreted to iId+.ate that the~Iept ( s inhibited the procstrus 1,11 surge normally occurring 36 houis aftertheir ;i(nini sr ration. Such an experiment is illustrated in Table 13-1. In thiscasC, C((iii ltiMi of the effect of the antagonist injected cither on I roestrus or 0n (Iicstris-Il indicates that while 20 jig Antagonist I totally ilocked ovuilati< wh en given ()iiiuoestl ts, approximately I mg an tagi, ist was necessarv
to hlock ovulation when a(hinistered on diestrus-II. Since we had olservel
ihat I mIg of ti same peptide would interfere with H secretion ft at least2-1 hours, it is 1)hIsilile that either the effect of this dose of peptide (id( notlst til) toI3i(h(rs, and/or that enotigh circulating LH1I was present for ovu

lati(on to rake place. 

ACUTE EFFECT OF GnRH ANTAGONISTS ON OVULATION 

lie ability of GnRt! antagonists to interfere with the events leading to ovu
latiorn was tcste(l ini several ways. 
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TABLE 13-1. Effect of ,c-..\3.Pro',pCI.D.Phe',D.Trp36,NMe-Leu.l-GnRH
 
(Antagonist I) on Ovtiiation
 

TIME OF NO. RATSTREATMIENT INJECTION OVULATING 
Control Proestrus 10/1010 jig Antagonist I Proestrus 4/1020 jig Antagonist I Proestrus 0/10 

Control Diestrus-II 8/80.2 mg Antagonist I Diestrus-I 261.0 mg Antagonist i Diestrus-I1 0/7 

ABILITY OF THE ANTAGONISTS TO BLOCK OVULATION 

The lest Usetd most widfiv (oulsists illadmillisterinlg the peptides to regularlvc.cvii tg adtilt fcIl llt"I ts it Iti()() ()1i Ihe (lvY of plr _st0 S. () I]( thefollowilgtlll rlllg hit. ovarits ate disse(led free the 

the. presetle olf- ovt is (hJe( ked 


of . I;it, o'idticts ;tre flushed and 
lldrl a m iroSCue.
Tahle 13-2 ifliisttitt's (la olitailtti'Ill 

;.i 
its 
 test with five potetit allttgollists,With the t'li.iti of I.\c-A. lp ( l-l)Pht. .'l'rjio', N,,.,Let J.(nRIl,

the ,othelr fM It)eplide ottijleltlv blocked ovllatiotl t a I0-Lg (lose. 

ABILITY OF TIlE ANTAGONISTS TO INHIBIT THE PROESTRUS I.I1SURGE
 

Norml. ( ,,1
litig atItilt feallijle I;ts 'xhibit it stlrge of' [H11 secrtlioll occturrinigbtwtocit .f:ll tti 8:00(111 . oumlir<ostils, ;11(l this stige is believed to inlduce 
ovutlaltiii illit rat. W. iluete1rot. tested the 'eflu. Iof corti oil or two (losesof Attagotlist I i)jted on 1 l,,atd ')letmstrl, (Itltll;l LII levels ItIct uIe1.5 iohuls l:tet, lhe Ill-jig dosev was dhoseri leaiis- it had belen shwiwl to)1)1,wk ovulatioti in milv palt of lt' atliids, aid could ellthre'f,C allow ,on>1iitisot btweet'i itthiliotill (,l . Iorlease antiIiilditi, of oviulatiotl. Asillstrtedt liI fable 13-1, Ill Vg Atllgotiist I iliiibitc.d ovillitioll in 12 of 26rats. lhoughlboth grolps of attitls had p;laslri 1.11 levels tint wte sigtlificattlv lower l u th 1f cotttrols, the altltagouist-treatse d r ts that did ov.ltiu hd higher 111 valhues thau those that did ot. All rtts r-cevitIg 21) VLgArtagiotis I fa ilcd It) mlat atid showed ; marked inhibition of, 1.11 secreti<,,
 

TABLE 13-2. Effect of GnRH Antagonists on Ovuletion 

NO. RATS OVULATING 
GnRH ANTAGONISTS 5 jig at Proestrus 10 tig at Proestrus 

[AcA3-§Pro' pC"-D-Phe2 
4 8,D-Trp" ,N"Me-Leu']- 4/8

GnRH 
[Ac- A3-Pro, pCI-D-Phe',D+Trp l-GnRH 
[A c - A3" Pro ' , 211 0/10

pF-DPhe' ,D-Trp"l]-GnRH 010; 3!'10; 4,8
IAc-A'-Pro''pNO,-U-Phe2,D-Trp 6j-GnRH 

0110 
3/9 0/10,
[Ac-.I'-Pro ,3,4-Cl-D-Phe'D-Trp3 1j-GnRH 4/7 0/10 
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TABLE 13-3. Effect of [Ac-A'.Pro',pCI-D.Phe,D.Trp"6,NMe.LeU,7.GnRH (Antagonist I)

on the Proestrus LH Surge
 
TREATMENT 
 NO. PLASMA LH LEVELS (NG/ML) 
Control 8 375 i 6710 JtgAntagonist I 14 162 t 36
 

(ovulat:ng)

10 ltg Antagonist t 
 12 90 11
 

(noncivulating)
 
20 lig Antagonist I 
 8 72 _ 6
 

(nonovulating)
 

SHORT AND LONG-TERM EFFECT OF GnRH ANTAGONISTS
 
ON THE ESTROUS CYCLE
 

IlI 	fist Stlit f x citt~itts, ,asiiglc 2 0jtIf-g (lose of .Antagonist If wasAdli( 	 it.ticrt. iii iugtletla I\ l ' igllIt fcii t , iat, s t iitg'Soh (li 	 it dicstrits II.i'll% igllitlsmi , %sctte r.(ordcdl.( forl th(. Ilext l16da Ns.Tlhis Iteat
lwititi iitt'eif.itI with l lii jit 1115),; () th(. aliil. ti)! th "lltnext10 days;%Iuitli 12 t ili1t\', 1 k lll .ititteih i fitial \vchs (lig. 13-2A). Whent IlteS.ilil' ili1llil( t ptltidh- %jIt(iitot i, l c%(.i('(I' l tatu th ( llso staitiit oil dies-
Illis11). (\(hl ii\\ I, iilk 	ho' kcol,iliiliill 

lNi 2 (Ilis Ititer Ihe scI.(ollid ij((t;li(I dlid liol Icsiillui< 	 iiill all()%(.I ltl('ll<Xt 	3 %'cctks <oIlti lmicit'(Fig. 13-211). 

\t , ,'111d loi<llfti ( tt'lls, l .ilodl
withi 	sc'\c'~la (,1 lo<lotll"(d c'irls. Sili<l(
jIti hliigeil ('ti i l tii t'ii/II Lv Itllt fliir' (If fhlh*i t o i t elot (clllb it 

ittb 	 (ifilis ii iS ,ili lI I*Nli t I(le,ilil elljieilds uit(iii.(c W\ittl rii isltills 

.1t1l llt' III(-(o t~ llIth itF.Sif
Iti \ ll
d11 ll i ill (4) 	 ii (l cl r i< IIIIIIIII) I"Ill 	 (Ic'tcIllilll' tilt,aiilllllm lcdil i ltli5lh tloI ll 	( Ih ll Ii;illlIg IIc an,t%tol 


I ( i.ittlljife1(1(k tiIc t'itltis I\( Ic, a ilst 1of051.50w5f 1 I:\Ilitlist was
]iit( tedl i'lt lot 8 litvs; is ih isilit' I 13-1, this titlilIll abi, tl ilntitt ere(hwit t I of t (I Ifs.\Wltil ilt' sI 	 to)doci i;tl ItC'sd 2ff!) g daily iii the
S,illl1111111
t1 ,aillI 1c(s',', t( lil lti ll,f.'I lisc ll;<,(cl l 1)(( i I ll c 1gllilislle i' 	 i1altt that theilt ii((ld tloIntlr crt, \ iilililt,cstlo"'s%.\ I((h' aillonig
l) iIi bia.sis is Iiilgel 
 ili thll ltit ,lf aiillitl HIot kiig S tiltioull .id thatMilh ililii1.1t <lt.i( lishorl-leirili u,×l)(.r-lliiils. It (milbctpotlill t hatl~~i 

TABLE 13-4. 	 Effect of Daily Treatment with 50 lig or 200 gg lAc-.&Pro',pCl..DPhe', .Trp",
N"Me-Leu;j-GnRH (Antagonist f) 

NO.
 
REGULARLY
TREATMENT 
 CYCLING RATS 

Control days 1-20 
10,1050 J.gAntagonist I, days 1-8" 


200 i.gAntagonist I, days 9-20 
6'10
 
0,10
 

"Antagoist I was first given at 
a 50-tg daily dose for days 1 through 8 then at a 200
.gdaily dose for days 9 through 20.
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Fig. 13-2. Short- and l(tlg-te(rll effects of' ,Atltigottisi I1 oil tstIots cvtle. (, ( ornloil Or one 20(J-ILg (lost- of Anagonist If was (Il( stlrlllt ol- (liestrtus-1 to reItgnrlycy(ing irlts. Dajily vaginal sltwairl Wvee o));rll(t for ihrc c 'ccs befol)r( as well asfoir 12 dtvs atfr thtc inic-(ti)il. L..h point represelts It'll allkllls (X - (otrol:* = antagonist). (Ii) Ntlih)le iijc(tions of torn oil in 20) jig Anttagornist if. 

the blockade of oviulatiOnl only I(Luile': that the 1,11 sIll-ge occrllrling ili theafterlnoon f iptroestrus Ic afl)lihe, whiledaI lIg-tet-l effect of Ihe antagonistIle( esstiltes ;a 2 -hour c(mrplete inhibitiolno of gonladot-opin secretion. 

A'EFFECT OF GnRH ANTAGONISTS ON
 
THE OCCURRENCE OF PUBERTY
 

All eihaiced caplability ofthlc l)v)ptmhalatnus to rclease GiRl and ati iticreasein responsiveness of tie ovarics to gottadorrlopiti, as well as a progressiveelevation ili PRI. secret io, atrc believed to actively par-ticiplate ill the rnatur-ationial process that lea(ds t0iul) IIowCve.r, tht inltCrtlat,e eVentSest)()sil)le fbr tile onset of pul)eNtv atr:: still 1)00th tldelersto(l.

In all effort to get additional intl ortuation 
oil tle horimoial re(luirementof' puberty, we in.jc(,tfd prepubertal (2(6-day old at the beginning of' tile experinent) f'emale rats with corn oil ot' 0.5 rug Antagon ist I for 20 days. Blood 

TABLE 13-5. Effect of Daily [Ac-.IA.Pro',pCI.D.Phe',D.Trp.6,NMe.Leu.GnRH (Antagonist I)on
the Onset of Puberty 

DAY OFTREATMENT NO. VAGINAL OPENING 
Control 10 34.8 (31-40)0.5 mg Antagonist I 5 35.8 (31-42)0.5 mg Antagonist I 5 > 46 
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Fig. 13-3. Effect of 'ntagonist I on onset of puberty. Corn oil or Antagonist IIwas injected daily t,immature female rats, starting at day 26 of age. (x---xControl; o---3 = ant;.gonist-treated rats showing no delay of vaginal opening; A---A 
= antagonist-torated i:ts diowig delay of vaginal opening while being treated.) 

samples were ohtalted periodically and vaginal opening was checked daily.As illustrated in Table 13-5, under this treatment regimen, 50% of the treatedrats had an onset of puberty comparable to that of control animals, while theothe.r 50' showed no vaginal opening at the end of tie experiment k.ay 46).in those rats in which vaginal opening was delayed, both PRL and P,, secretionwas inhibited, while plastna FSH levels were only slightly lowered (Fig. 13-3).In the absence of' E., measurements, we could not determine the relativeimportance of' this hormone, but our data support the importance of PRL inthe maturational process--a role which is reported to be linked to an enhancement of' ovarian responsiveness to gonadotropins. 

EFFECT OF GnRH ANTAGONISTS ON CONCEPTION 

As shown, intermittent treatment with (;nRH antagonists can disrupt theestrous cy.le. Is this event accompanied by infertility? In order to study thisquestion, six adult female rats received 200 -tg Antagonist 11 every fourth 
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Fig. 13-4. Effect of intermittent administration of Antagonist 11 on matingbehavior and fertility. Six regularly cycling adult Sprague-Dawley rats (180-200 g)received 200 p.g Antagonist 11 every fourth da,, for 11weeks. They were then cagedintivihuallv with niales of pirvel Iertilitv while treatment was continued. ThePI eseilcC of a p)lug in the bedding was recorde(l, and mating was confirmed bysperm i:: thc vaginal !avage. Ireatment was (ontintued and males were kept withfemales urtil pregrianuv was established by palpation. Arrows indicate times of 
il ic(t)ii. 

day.N for *1weeks while being caged alone. They were then caged with a maleeach while the treatment was continued. The presence of a plug in the bedding was checked( daily, and if* present, the occurrence of mating was con
firmed by the presence of spermrenioved from in the vaginal lavage. The females werethe male only after pregnancy could be established by pil
ptiu)i. As illustrated in Figure 13-4,irregular basis. Pregnancv (as 

all six f'Vrnales mated, though on anmonitored hv the delivery of healthy pups)O(ctifred inl four Of six animals over a
that 

30-tay )eriod. These data indicatethe intermittent administration of an ontagonist, while compatible witha(tive mating biehavior, can disrupt the cycle and is accompanied by a certaindegree of inf'rtilitv. By contrast, daily administration of Antagonist 1, whichcompletely stopped cyclicity (see Table 13-4), resulted in the total absence of
mating ehavior (not shown). 

EFFECT OF GnRH ANTAGONISTS ON
MAINTENANCE OF PREGNANCY 

As previously reported,"-." administration of GnRH antagonists intetferewith pregnancy. The analogs appear to be more effective during the laterdays (8-12) than earlier days (1-7) of gestation. This is illustrated in Figure 
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Fig. 13-5. lffct ((I Antagonist If on pllnilla lr)ogtstcont P, lcvels I Ilring 
preglialrv. 'lt eXl)tll1,1t was divided in two l,:lves. ((oI n oil or Antagonist 
11 vails itjctIlcd )litc (I,ih Ir ,intdi, I ih iooIgh 7 ofIpItgIIill,(% (blI,k baI iniditates
 
pet l If I't1111 ll C %it iinid t11 t(tuthdi
I).Bloo,<d saiipll S,,t ci a cstlhcsIia befo're 
ch iflj (iol oil dass I,3, i,aniid X Lerlgthi of .tlt ', IN pupsy1( 1i'anCd of 

"TIC Ittl(lded. (x---x (iu,,, oil: A---A - al-lagorlis(t-Il ctlcdt aiiiiials who h,,d a 

Iiotii.ra plegiallt S: --- '?- 11taRigollil-flecd a iials who aborlwl.) Each point 
represcilts the' ,imean, + S.I. of six (x) I Itcc(A.' ) Is. (Might)(ool )i! or 
Aitagtn im II wtis aiiilitrewd fom (tlos 7 through I)iof pregnancy. 'i ne animals 
were. bltd as de(stihcd. (x---x = ,turnoil: )--- ; - a tl i, .t-tit atl *,il all six.'ials; 
aborted.) Lit] pinl r ejMIe Iicai S.E..M. of six rals..Is I 

13-5. I)fall, injec'atios of A.itagounist If dhillig thc first 7 days After mating 
result II a 5W(J Inhibition of preiignancN. While antagonist-treated rats who 
(Iid not abolut had pllasi a I. levels ti)lipara lc It) those of control rats, ter
llillatdiol| (If g(eSlalti 55'IS ;lsiuWC0anierd by itdro) ill P,, scretion. Adiminis-W 

fration >f-Ntlagonlist II from day' 8 throtgl 12 after milling was accompanied 
by a 1i)( rate of ftal resorption anid tmalrkd drop ill P, production. 

Measu etlietits ofI plausma 1RI. levcls have inlicted that they were not 
significantl ht ewrcd il illitagoliist-treatecd rilts wh< rcciveld tile pcptide dur
ing the first wcck (If pregnancy. Sintce PRI. represents th i major luteotropic

9 ,- 'l:'stimulus ill early gestatIlol , . the relat ivse inefficacv of the peptide during 
this tuine coldI be at least partially explained onl this basis. Additionally, 
(,nRIt antagonists do not significatly lower estrogen production in early 
gestation,' a hormonc re(juire(d for implantaItion. 2 . lJy contrast, the sharp 

http:Iiotii.ra
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drop in plasma P, and I.H observed when Antagon ist II was administered
oil individual days encompassing the day 8 thioug djx' 12 period,. is par
alleled by Iesor ption of+developing fetuses. SuCh ldita rte iII good agreement
withI reviously reported studies showing that a(lilisttratioll olf antibodies 
against (11IRM, 1.I 1, or P,, LI 10 ofParound J)tegian v is deleterious to the

' ' , ,f'tuses' 27 1 2 andI.22support tile recogjnized inllorttl c of these hormones 
as Iuteot r.(pic hormones ti ring this time of preglinam v.
 

In conclusion, results obtained In preglanicy' 
cXpuritllts einpliasize the
temporal relationship between the eflicacy of (;+IRJ I alitaigoiists to terminate 
pregliaiu, and tile antagonist's indtuced changes III hoIrmllonal secretion. Inparticular, their niilgestatioll abortifacient action appears to be dlirectly
linked to their ability to lower progestcrole secretion. The exact site of actiol
of (;nIRI antagonists, however, rcilmaills to be Tetertnied.[here is consid
erable evidence that (GitRII agontists (ain act at the level of the gonads and 
uterus to iihibit rpriYOltIctive processes. . l,,.1-i..',.l Additiona!lv, (;nRti
antagonists have beei sliow i to (otipete with radiolabdeled (;ill i agonmists
for binding to go<;ldail ietillibralie fractionlsc and to atltagonize the effect of
(;nRI On luteAl cells inI . lIltute. We threfolre calltot rule1 out the possibility
that Sollie of tile conlseqtelltces of antagonist ildliiiliSIratIrti ll were it] parl ile
tfiated through tlolnpituitlary rect eptors. Ilowcver, whatever their titecliatistus
of ac<tion, (;nIRII ;titagomists appear to be promisiig future regulators offertility. 

SUMMARY 

TIhese dat a,ae tnsistent wt h a physiologic role of iti(logetous GnRI- in
onitrollinig most of the events of the reproductive cycle ill the female rat.

Althmgh ilie exact miechllisuts through which ;nRli interferes with repro
ductive fumIctitI0s need further clarilicition, it is Ol)ViOLis that their ability to
inhilit golmadot opin, and consequelitlv steroid secretion , closely parallels 
their deleterious effc( ts. 
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Activities of LHRH Antagonists 
in Rhesus Monkeys During 
the Periovulatory Interval of the 
Menstrual Cycle and Early Pregnancy 

JOHN W. WILKS 

KARL FOLKERS 

CL4RK W. SMITH 

The ultinate goal in designing and synthesizing of antagonists of LHRH has
been their application ffr the predictable inhibition of ovulation in women.
1'o (late. h(,wever, the biological evaluation of I.H Ri antagonists has been 
largely restricted to infrapriniate species.

Tlihe atltoi isti l ct ii'vt ofa few 1.11R] analogs has been evaluated in
1otlhliuniall prinlateils ('lcecXpcrimentd conditions where gonadotropin se
cretion was prooke(d by c x genous estradliol, LIRi- administration, or elec

,tricJ stintlilatioll ,f the hypiothialanis.'. ' While those studies are of interest,
the ability of 1.11RII itiagonists to inhibit sponti eous preovulatory dis
charge of go t1,(tlopirls during tiornial menstrual cycles would provide it1ore iieaniligfhtl cstilhatle of potential utility for the control of human fer
tility. 

'i1s cha ptei describes cxperiments with [I)-PhiePro0 ,l).Phc J-_LIRH and 
I(<GIhl-Pro )1)- le",I RI administration to rhesus monkeys durI"j-211 )-Trp
ing the peiovtiuat ory interval of the menst rual cycle. The results indicate that
1.11i11 antagonists can prevent ovulation in the mon key and modify spon
taneous reovtlatory endocrine events; however, more potent antagonists
and/or improved regimeis of peptide administration are required to uni
formly inhibit gonildotropin surges.

Several studies have implicated a role for LHIR in the endocrine control
of Iimi man pregnancy. The hunian placenta contains large quantities ofL-I RI-1 throughot gestation," and b, vitro studies hiave shown that placental
tissue Can synthesize I.1RI-t." 1.11RI- increased the in vitro release of human
chorionic gonaulotropill (IhC(;) from placental tissue without altering the re
lease of chorionic soma;tomamimiot ropin. 12 Furthermore, the administration 

151 
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of I. IRI I I) iCegililnlltw inmijkt'vs was itrl)ic(ti toj ilItlCasc Seirui t:horionic 
g9mildoinyllt)itl t( Ct 1t'Ital Iti44Is.' i-t'lIIIlilais eXp t'iilnellts dt'cribetd here show
that tie 1.11RiI ititgonilti II)-i le , ) I-

2 .1iol.)lihtt].l.1 lRliawl Il)-<(Glul)' "-l l I I (ho I,(), d t' <lt ' Itlllolt~l -thoriollicgo
ildtn-oi i I hit(stt illmikcVs duit-lg eairlv pregnllnt. 

MATERIALS AND METHODS 

ANIMALS 

Adulllsts lhI lktVs with d history ofitclistrual cycles of norIal durationwect sc'lct'tt.d Jim St iIl. Tlhe"imillal' (are't andl husband~ry' pro~cedures tbr)I this 
toloiv olf iitoikcs hls pIivoIIslv i)elt'il dtescribed in detail.i 

STUI)IES DURING TIE PERIOVULATORY PHASE OF THE MENSTRUAL CYCLE 

Ireatilecilts \vith IIIRII anattlogs were intiated 2,1 to '18 htouris prior to the 
di ipi.t1l tIIhjt I t t. g ila;,l(r)[i4 l siligcs. or a ter pl-k'(viltl rv g(l t'dlto
)ill sillges 11,1(1 ahiilt' \ titlllto etitl. I'lc estildtdta illl tlesf l" S) iltl.illcotlis

ItfitIi it" g4hitdlitollopill 5i11)44S we bsd l(Ill liblisle dcsscipiioils of the 
ditlyatj4Jl (dI ('c\I('dtt( SeitIjII t'StI4get ( onliit~tiols Fltlilet lto elicit go
ntliropitn dli t l'gcs illi t iltss itmonkey.'lfi lll . S(.llllll t'+'ll(l.ct'l \A11tlc' l IIIII cX c dtt'l it thresho ld lbc[tvtctI 1010)and
2001 Ipg llll Im, .12 hlmir, 1() snt il ~tct II iild I-Si I listhili-gc.,, +althoughtcstr'o
gt'il 4(I l ttltlatnL il t'X((t'c,, of 2(0(0 p gittl aiM 1 flt'ttj t' ill 36 h t rs. Midc)cleg<,l)hitd i tl peaks it) llh('s ls lllllktvs ()((ui twIw II di's 91alit 13 of theInil ll [I lil (,%(. \%.Jilli (L~I\ I I bt-ing [)I(- nicat +'ltic. " jn stra oF,I 11IR I.f\;l f A:\dll i i~t'lil 

dillgot list+s 
 21 1(, i8 hIml41s plrir to, p i lloote tts sill.gets ofJC I cdll'l"ir lt "l~tl<l ttlt'ii 1.11 lltI FSl bt l\''''l )():llm l2 0 ]>g/lil lort two 
tml',( 1111M' (la\ A wl tLi N 7 441the i.ei ltt;ti ( \ Ie. A lliil lstrtioll of, allII R iI lttag)(IPtil Wleiit Nlid( l g llt'ot ll-tili (li thl.ges Welt'e illw iaIeadv 

progrt'ss I'(Jtlitt'(l "st'illtil etItl(i4d 
 vdti t to t'x(ot'ed I06, 1)4/111 f o 0I ' mtore dI, llt'l dai 9 of tilt' Illlt'itst ilal vt h', wilh it iIll(I-c se of llo)' thall
 
51 pg,' lll it il + pit'\i4)lo 2]1 Ilouis.
 

AiItagoilists Wt't4' dtllliltstered ,l5l11 icttolls< itt
1 l lliI 1 f tofclln oil e'er'y('igilt hlurs ()7)11, 1111 ,uid 23100 1tlis) lot :d (il< of six iiij'ttiolls; tie (lose 
of ailtagollisl wdr 50 Inlg"Injetiioil for, a totail dlose 4)130(1 Ing. Thle littiiber of'lo)ll1kc'5s lictlltl with et ti ptltidc W,'as (iittedt 'v li, e avaiilabl' spi)l)ly of* 
pt'plitdt'. Bkd samlehls (5 ntd) weolt ticln onc d)llteof, lilt(. In~cti ,lrii11 (\(I(. andl~ tw lltinltl It l Ill c ontist Ii5egilliitlg o)t day Iof tile! lit'xI Ili scllts; 
blood ampIltflt's Welt' iijtt'ti t''trV t'i ght h)ur1swcIi44 1 rii dtihlliilistratinil of
tilt lll(atlgolist "'i(.Itllll Ws irt'st'tlharveste ro t'il(l b)11 s.loolid)itl ds id '( in
(hili)ii(ii(' fot I.11. 1.1, t'stradiioil-170 att priogt'sicr1 1e ni111g )-t\iously die

ist ri ldolilt lltli l;iss Vs..,2', 'ht' l' Ws ill t'itii iio(ikt'v we're viewed blapilrosto ill tih St'coiti ililt oi(I ithe teltlilit'll l i it l '1 'cle to asce taililthe' i-rtsclitt. or si 'lt mc'l of* it corpulis Itlil ll). 
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STUDIES DURING EARLY PREGNANCY
 

feaillle r'he'.stis molikc'\s wtere cagel 
 with felrtile males otl days I I throughof tilt tnstrual cvcl. Blood satmples were (ollett ltprio to treatmentet and 
pregtancy was verified bI the (talitative dleterinatiotgoladoltr<oljl (m(() iI lCI)iphClal 

of nionkev -horionic scrum using a specific raIl()IlltIInlOas' saY. " LI IRI I ilagolisls were adillilistre(l subutllneouslY III I fill of (,oii
11lict1oil at the dses ;iti tuns lot each cxwCnitI.t. Serutll coiillt'ltions ofImu(.(,, ecstr uliol-I 73 ,and i)Ioges-tt.one during the experimentatlll illterval werc d(let.ti1ttied liIt ttlplic<ate using te radiofilltllOassily itheitods 

citcd. 

IJIRII ANTAGONISTS 

'IhFrcC . IRI I aiigoliSts Were studied ill the rhusts Iollk ,v. I)-Phc, Pro ,I -llle"1-L.11 R I ittltilihts ovulatioi ill I0H)O of, triteld rats wheiahimlsiitet d il ,i (lost- of 75) vL ;it I(io0ll oil p)lot rtst.. ()'utlation is illhibied ill all rats 1)v 25 Ig of i[l)-<(Glui,)ltic2,l.Tri "'llfRI 1.*7li 11 ilostpotent allagon),list Sed in t ltSe stiidics, I(<( ;1uPo)lnl).2l)..ci 
1.1IRI Is i toullsl cf thinc ill fthitlitlig ovulation it rats at a (lhse of 20) ig.Y i 

RESULTS 

CONTROL STU)IES 

Figulc IA-I shws settitlli cminclIt ratiltls of FS11, I ,1. c.traliol, and progestl'oil"l Il' ) ill(il] i otikvws receiving inllections of l'corioil (ftring midctle goi tlotrojjii i llts ,ges.scTItI hori one (one[ttt olnlolls attl secretion
llt lls wcle 1notllltl ill everV Itesp. t. , 2 ()fI pal-ticulai • ilJoll-illtct care titesillohli, (ollllitiolltts Ialate ils of. Stltlll 1.11 alil [! 11 o l(ctlllt';liolis (iliigthe gooiat t-lll l Thesrtis. lleIa st ttlll htolotlt t(ettl t fi thrccolitol I i...keys IIj*( tcd witlh ((tlln oil 2-1 to IS hotis prior to lit , anticipated

ili(h ce (is, li-.iugs (of 111 and [SI I are shown Filit-c 1-1-2. 'l1hcitle of 
,Ift'<lVutllO gol, iolropill Sc(itiOltllir wals ( t lv(IC t',e l,(ctlltltttolls .t11(1 p) ;tilts a lid, tllllt Iioif the gollad(ll.opils aidt stcrold Iloltes wel'etiottttil;tl. (llt)o i.tI flila wilit ovtilllr stigitas w'.tc ll ic edlt a11Ihte oIt, Ilclaplt ollmdo 1 ) itt ill ontitol muoikeys. Additultial 11itinfiliitioll ( )lottrol tlilli

keys has pirt(w' Ntlthttil plllisledI ill detall. "1 2, 

ADMINISTRATION OF II)-Phe,Pro',t).Pht~j.LtlRlt 
DURING GONADOTIOPIN SURGES 

Figure 11-3 lreetts tile setlli iormitone v thites For three tnotlkeys ill whichtteattllellt witl li)-lhcte l~rul ,) lI IRI I was itnitiated afiter tile ii(Icycle(lischaltges of goti olrllili had alea)dy tnllllnlled. Serumti gollilollopin
vales (elitiled o littar basal xv-lues in Monkey 2311 (Figut re IIt-3A) after ihefirst iilagollst illic tiot, atnd tlitilted near basal v';ltes for the text two 

http:1uPo)lnl).2l
http:llle"1-L.11
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Fig. 14-1. Sciuni ( n(bunroaiolis 111 I II twoI, csllliiol, a1(1i pologcivroic il 

(ollotrl)l iolk,,vS ilIc(l(d wilh (o(11 ol
Vertical (h&: w( lillilhg Illilh vI h. goi)l.llopjil Surges.lilies (.[( lose tr'atilvlelIel 'vall; (Ll uk l )i/(olial barS indi<aft(
illenstrual bl.eedinzg; allo-,w indli(awt(s d, 'vofl lapa);sc)p,( cx il(.l (varies.n.'x~m 
(Wilks J V, F(IkVis K, Ilum hri . .J el (I: 11,1(t [l)uI',lr(.I) lfll" l-h ili/ilzghOriIlIo)I re'l'ogdig hl,)lllic(, aiill llfagOllisl, onl p)(Vlevulor)y g()tladoh pll)h secretcion) 

in Ilie leisLis niojkey. Biol ReI ( 23:1, 1980) 

weeks. Although fhet pattern ()f SlUlhl )ogesterone l)Cl ntratiols indicatedthe prese(e of tilttioil lltwai tissiue, lap).os(o)ic visadlization o'f the ova
ries in this iionkey (1l( nt)1 reveal an' lrominent (via strut(:tures.

A moodest 2.5-f Iol clevati(on in serun iII alues was os)SCrve(l in a second mon key treated with [I)-]1he 2 ,l~r(:,I).lihJ- .11 RI I luui the gonadotropin
surges (Monkey 301B, Figu re [1-3B). seruin FS Iconcentriati ons ill this ilon
key clearly showed a ini(hcl ischarge; ho wever, the secretion was discon(clI 
tinti(1U1s anid tlreFore al)tiorllal. I.aplro5c()o)ic exalilati)n of' tile ovaries in
this animal also fiailed to reveal the presene of it c()pus ItutCe n, yet theelevated Serilii progestlrolle values indicated the r)esence of' fl liC; ional lu
teal tissue. 
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Fig. 14-2. Meani (:t S .E'.) seruml conn irat onsil.of' 1.l, FSH, estradiol, aInd 
progesterone in three control nionkev given corn oil injections 24 to '18 hoursprior to nidcv'cl, gonaidotropin surges. Hormone values were aligned according tolitlie o'f II5 pea.k (day (). Vertical dlshed lines enclose injection interval, which onthe average coitmenced 3 dlays prior to LH and FSH peaks. (WilksjW, Folkers K,Bo-ers (' el e.: Inhibition of preoVulatory gonacotropin secretion in the rhesusmoiL-ev b% [(<(;l.ro) D-1he 2.DTrp.,].nHRH. Contraception 22:313, 1980) 
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I 1lliI)lic v'alics for Ile last ioiikey treated with the I-fRI antagonist 
(lii'i~ig llii(1(\( IL g~hiiil()i(O)itl et':io are' shown in Figure 14-3C (Monkey 
332). S tiini I.II ( cintrations t'll afteI the first injection(iof [D-l)he,lPro',D

Phe''-l.I IRIt, bill thien reboinded ill the secondlihalf of thc tre iniit initer
\al; thie S( rli 1)i patteroil f 1AI1 was (liscontiniolis and the surge was of an 
tinilsuallk long duration (iarl 5 days). A preovlatory surge of FSIH was 
not obs iveid ill this monkey. Seriin csiradiol and progesterione values 
showed i iormtial palcrn Ih ilhllg)l lt the nitistrual cycle. Lapa'oscopic ex
,llitilation of the m res 0in (lay 17 of't lhe iinstrual cycle revealed the pres
ell(e 'of ca(o)is liCUlin with an ovullatory stiginl. 

ADMINISTRATION O1 ID-PheI,Pro',D-Phe6l-LHRH 24 TO 48
 
HOURS PRIOR TO CONADOTROPIN SURGES
 

Senti-to gonladtr opill andt stcroid hormone concentrations for two monkeys 
treated with )-PhePr (,1)-lPhe'iJ-lilRI bheginning 24 to 48 hours prior to 
an expected 5 ])otitalilco 11i goilladotropin surge are shown in Figure 14-4. 
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Fig. 14-4. ',eruni (-,(entrations of' 1.11, FSj-, estr,(Jlf, and lpr(gesterolic illtoo kev, treated with 24 to 18 hours pror to 

anti, :iated Ilidc , chc g/+ladotro)pin surges. Vertical tdashcd lines ernclhose tn-atinent 
i:nte+: al; dalrk hlori/ontal bars indicate Inlstrtual b:,hedilig; arro)w indicates dayv of 
lalo,+(tIpi( exaliilatioll of' ovat:u;s. (Wilks ]W, lFolkers K, Hump~hries j1o"al.. 

l'fic-' t "of )lh'','o l-'e"-u iii~ horl net releasing hornl ll e~t,i+ll) 
alltatgomlit, ()ll p)tcovilhatoly gonadhoti-oplin secretion ill the rhesuis mon(key. Biol 
Repi od 23+:1, 1980) 

ADMINISTRATION OF [(. .G~u-Pro)I,D-PheI,D.TrpS.I-LIHRH 24 TO 48HOURS PRIUA TO GONADOTROPIN SURGES 

Figure 14-5 illuIstratcs the .scrtuni hormione concentrations in a monkey 
treated with [((h-'(),)Ih',-r)+;+H Hbeginning on day 9 of'the 
mlenlstrual cycle. Sertrn concentrations of'! estradiol fell dutring the first 16 
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lo ge.stelx()11e if ll te t+o)n lol to - 6 I 

,il (l~i , 2, andl 29t ofL ('ItilI 
(10,,ISe.I \+ll5if(-ll dahe'(h 22 26 30 3420 24 28 32 36 

lilies <'il( lose;+tfllealltlcll ililva+;l. DAYS FROM PREVIOUS MENSES 

h ius fo allt;ojii l ,(lillfiO,toin,i but then rebounde. Despite seruI es
iirti l g/ml6 Iottra i),l (ontl (' s gtittr tha 15 72 continuous hours fit tlis 

iiiik( , F""I I aId lI Ist ir w ot observed. Withill 3 la fter tht List 

pceptidIc ilip-'ltil+ S't.] tilll) cs lladil valhli.s hadl dclined~ to car+1\ iillicullarl).p as 
levels'I. 1,)''+",tl'll1ll Iwogc) fl'loilt,hlte illi/;'lt did n ot ( tit anl <l(')l(o t l i onsl()l,ind~icaited thatl ovxula;tll lland)11 l(.I(s wcrc observed on tilt. ovaries ;I[ 

of, Lialoso 

Nfe''rall , cic 


file timel U ,,%1j.
I'.cli. g (ollli(Ill(Ct on day 9 i ncl 24It.2 i032 ht ay4s22'sllrldl 3 

plpti (reteir.Cotiniat daily b 

tiioike', \r'ld isuill( stllrgts of, I1e ullt S;f Wltia 17 d cISt 


tratl tO last ijl io/of ollod'tlsitmll ill this 
r tshenst 

pnclistrlialt.1c(. 5i( Y(Ic dis(harges I ha ad(F" I wtr ealreaidy ill phror-ss
lll(i<fkt1 (Figureill ;l<t h.iir ( 1.1_(- );it tf I ille ofo the o [(+<(;Itesj()tIol rlti 

reIRII ol day 8 of tilt meneostrufl] cyce.. T'lp gcd<
tro ileSurgs cti eidiIduiul.( ;ldmiilist..io of' (file a1ag eistalthough thie 

dual leaks (Ii(,tttfitl (fis(otlilitloIs se(retioln. Aalt o plis ]iuteunll waslapar<oscop,,, observedald~t clcv\afted set'rum1 lpr<gestelrollc (<'0C rilati<ons Inicitlid 
fIhat it was fuillilaf. 

EFFECT OF LIt Rl ANTAGONISTS ON SUBSEQUENT MENSTRUAL CYC.ES 

Blood samples were oltaillcd frml all llolnkeys ote each week ill tile men
sitrual cycles folflowing aofli'litration (I tit" I.IIRII antagotnists, or coin oil 
vChicle. llevationls ill stl plrogestetolle coIsistetnt with filitutiolafl liteal 
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ditllioriiist (whenl satijliles 
we'ie )hliil,(ild
atr lUji inlterv'al.s). 

issue t-c obserl.,t~ved in ,illlumi lkeys suggest,ing that ,sul)scqluenlt ovarian f'unc
tioti was int~ altet(l. 

CONTROL SERUM HtORMONE CONCENTRATIONS IN EARLY PREGNANCY 

]Figuret 14t-7 deplits. the miiCli se ilini COiCCit;Liotiis of[ChIoiiollic( gOlad(OtrO
1)1n (in(C,(d) atisr )oge'stert,pl hit r t, tonkeys receiving cotntrol'chiicle ijc(tisOn,(l (lays, 25 andi('29,of[fertile Ineistrulal cycltes. Serin concet ratli( m(cii i(( Wtc Liudtecl ( e unl latlel~i)]! itithe: hiiteal p)hase, bult in('tlset.( a pa]idi),f'(lhowinig itn.pllantlatjot to) reachl peak values appiroximlately3] (las |routi thet pre-viouis lmenlses,. Est tad jol vailes incre'(ased( following the

,
 

appearancell(:t 
 of ch]orionic gon ad~otropiin and( hen remilained( elevated. Serum)rog e:stctO tie also) rose(ii i'e.,j)o iise to the aiji)pc t tccii(( bu~t then slow ly,of niCG( ,
decclindcl -ithingf a nadir at the timne of tlie highecst se ri mn i( vailies. 
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ADMINISTRATION OF [D-PheZ,Pro1,D.Phe'].LHRH DURING EARLY PREGNANCY 

Figure 1-1-8 shows serum it(; and progesterone concentiations for it preg
nant monkey studied on days 28 thirough 33 from the IrTvixous menses. Blood 
satlJ)tles Wet' (llccterd owiCe daily except that samples were obtained ;!, re
quent intervals lIti day 31 from the previous menses. [I)-Phe2 ,Pro:,I)-he';].
1.1 I IZl was atdministered sttbcutancouslh in I ml of corn oil ,at a (lose of 50 
Ing at 0900 hours on day 31 from the previous menses. There we re no 
marked changes in serum m(,(; concentrations following administration of 
l)- 1'hc Pro +,I)-Pheh i-IAl IRI-I and values increased pr gressively through (av

33 in a i ter characteristic fbr this stage of gestation. Setum'prgest cI one 
valties did uot ciatilge significantly after admiitistration of the antagolist.
This mnnikcv aborld her pregnancy 76 days after tie administration of [)
Itlie~.I'htl-lqi"]-l.I IRb, but it is not possible to relate this event to adnnin
ist tatioul , the antagonist. 

ADMINISTRATION OF [D- Gtu',D.Phe,D-TrpS,'-LHR-I
 
DURING EARLY PREGNANCY
 

Figure 1.1-9 slios sernm lit((;, estradiol, and progesterone values for a mon
ke v receiving subtatumeis inject ioIIns of [I)-<;lu [)-Phc'l'rp:I1-IRH 
at 0700, 1500. and 230)0 hours on days 28 and 29 of a fertile menstrual cycle.
'lhe dose of lit. IIRI I antagonist was 5 tug/injection for a total (lose of' 3i 
Ing. Tle l,;tettus aid setruml valtes of' nitG, estradiol and plrogestertne were 
normal followilg +dtiiiistration of tie peptide. Pregnancy progressed tm
ev utflll' it this mo kev. 

DISCUSSION 

I.IRlI atagoiists altered and modified periovuilatory etidocrine events in 
lie rhesus tmoikev. l)espite elevations in serum estraoliol coticentrations of 

suticient ofuttation and intensity to pirovoke gonadotropin surges at midcvclc, 
elevat hms iiil1.11 FS I werc rot observed in a monkey tlcatlcd with [(<;ht
l'r( .1)- 'hu l)- I rp +"J-l .1iR I[ (Figure 14-5). The I Ht antagoniists did not 
1tnforti1l. or. (olJletcly inhibit gotiadotropin secretion or prevent luteiniza
thlo in thc tetmaiining mtotkeys. However, the antagonistic activity of the 
peptides was c ide cd by one or tuore of the following observations in these 
tiaplkcvs. 

1. 	 .\t intlendiate (Cssatiolt of ite 1.11 and FSH sur'ges 
2. \lbnoimal. dis(oittuos secrettion of 1.l and/or FS11 
3. 	 Lnusually short ot" piologed gonadotroFin surges 
4. 	 1.11 or FSI I surges (of dililiishecd magnitude compared with those of con

trol Itokt' s 
5. 	 Absenct of' concmiitant FSI I and1I I peaks. 

(;rprlilluitea We' 1 not0 observed at the tittle of laparoscopy ii two nonkeys 
treated with [Il)-l h 1i.():1,l )-lPhe'"]-LHRl-, and in another monkey the corptis
Iitcumi atkcd an ovulatoty stigma. However, ser1tttl progesterone concel
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I latil~li it) ll lhll(( imiikt~vs inicated that funrctiorial luteal tissue with a 
i.n m st cioidngt.a ic capacit v and liIespati was present. [hese observations
si ggt r ath! t(lull ar rapt are, did not oc'cur following ad ministration of the1.11IRI! dhiag aist, a!lt hioghi the Ini(hcyc:le discharges of LH and FSH were suzI iujeitn to (dl C)t 
I)rtVsutllivc* u~ r ~itc in monkeys treated with 

st. liiiifiz/at lill o !)C:(I(IeC lreovalator-y follicles. These 
LHRH antagonistsie(Iaii l',ilirrii,J iA.u\ 1.1I RItI attagonlist whiwh predictably prevents f'ol

liull at 111)111re, ,r t! (liS(harge of thle ovi i without altering lueinization andhlteal cell1 Itrut lolul (1( i)rovi(Ic a hew approach to contraception.
 
.. ii 1ulsevtiori
\ ere.stihg hu ring the (:011rse of these studies was the effect

)! 1J11RI! , itag iiists on serumi cst radio! c:oncentrations in monkeys when
adI tiiiiiistere( I 24.t o 4t8 ho )lirs prior to antex1)ected niidc:ycle gonadotroin
surge. lHot!h II)-lI'hi, ro',)- Plhe'J-, .1tl RI!arid [(<(;l-.P),D.Phe 2,DTrp: 6]..LIII!l rerltaced seramin st radlio! u uricetit ratlos laring the first half"of thetl'ratlmeellt in terval; hiowe,\'er, serurm estra,.liol renotinled despite the continlted adltiitrart ion of thht pioe. These chatges in serum estradiol were 
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seen without o)vious changes in tile( setcetion l),atterns of' I I or FSI I, and 
were o)served wheth r ,rlt tIleI.II RI I antagonist blocketd (Io mt lilietd tIle 
midcycle gonadorlopin surges. 

Tile Closs-letlill of the m <.kevseruni 1I.I-like snlhstaientill ti(t 1.11 ra
dioinnlliassav usetvd For Ihese stutlies nay have muasked imlpJortat changtes 
ill hasal II I setlrtiol (furing treatment with tile I+I ,I I aitiagollists.''' I low
ever, other w<orkers have r'ei)mtetd that 1.I RII antagonists (10 ot alter basal 
Sellm goldotlropin v'alties ill Inll and thillmlies." Another possibilityV 
is 	 that the 1.IIRI! anttagolnists Iad a tirtt ililibiitorv e'fect nFon the pre
ovulitory I)llic'le. This pr)posal is ill (ontrtrIistillctioll the oser'ation that1 ,[D-<(;i'l)-'hc ,l-l'l)+"l-~ll lldid no t b~lunt tht"- in+vilm"+ sliti lation bv 

FSI I of 'straliol ant progesterone svilthtsis ini rilt gl;lltllhs; cclls.'
 
Nitt of ()fotknowledge regarding the ptysiologic role of' 1.IIRII in tile
 

primate nlIt'llstrual cyvcle has beetn tlncidated iV Knohil aid to)ll;IgUts. t
 

Their stuldies intlit flt that Ilt' lmIrI];0 ;t lionl lI lfRI I ill it'llesuls ,lotilkey
 
is a petlrmissivt' olle to iailltaitl the fitm1tio0al intcglyitV of tilt' goladotro)itl
s "cr('tingc'lls, while estrogeis attuallv rteguilate goltotrFopii sl'etn
 
throutgh a diirct athlion tipoti the atl0t'ri' pitlitlrv. llacetlieIt of Itadiofl '
ttlt'lly h".,is Ill tilt' al(lltl' ll l t'lls of tile rhlt's l llolkev lll)rog;tte ,'Ie ,olugt'n ls I.IIRIM se; t'ct'i l; h<()WvtC\tr. ()\;It n(i IC~ciIV CUl beIIn;tnillt'IId hNV 

tile intt'rmlittent, hlurh ilfIlsionIof'1.I IRiI .I IinterestinglY', estrogell elitits 
gollalotrJpitl dischlarges ill lilest' l,,onkt's as long is 18 ho)rs alter tIlt' dis
cot Iti l11 l I.I II Ii l s~ ,. ~ r h 'n ~ tt t <lih .,li h(tc httle.... 

tillt'd to ovuilItt' n t h ilt a.-sllmolkt has alread ' been seltcted b. tilt' sixtit 
day of IIt(e Ilt'tsll-.I l vc\+lt.'- Itoltr stltli('s sh ldt t'olaltiate ilt' ilpotlantte 
of'iitiatilg Itt'attt.ltii witi 1.1 RI I alltagollists early ill ile follicllan i)hast' 
of tilt' lllt'tlst ial (XNI'.

Neither ll -' c'lr,.l-' r t"-~ l ( )I- < lu , -lh -,l-l p l- l lt l 
alhter dct l I (mueolll t holriolni 'rop)lill llI ll liollso<) goillo ill tilt- r-leti.s oll
kteydniiingem'aI, l,t' ml( . ltt <h¢rit<nhdi; htif lAlIRII dhoes 

plhav a icgilato\ Iolt' ill tift' 5e'elitl f Illiolit g'ntl<troill, this f'ulncii .n I"no<t Inhib~itedl ~ I .1110II 1tltago>ists.. Additionallyv, thw I.fI l tl auitag<>

1insts (id Ii()t ,ltel s 't'Liill ttlltrt'lltroaliolls (f progestirltle(t llilIg early 
gt'stal Ion; this ill(licl;ils that likt' ilt' 1.1IRII agolists, tilt't J)tptitles are ill
capablt' of' itihiititig liteaIl Ili tion hlling prt'gnantcv., I how'ver , tilt, doses 
SI' 	ats I lsts oI I-\ n I' o't' i1an tit e ilit' rtelgoni' . hv' Ie InI'. itcicill 'J .lictspolisc, Im\ doe(h ) I ,I 1i)_<,t;11.l)-l'he2-,lI-IlIll had 
gtestatioll In tilt( rat, wvhere.as high do se~s (5 mg/da ,) comlplcitelk Inhib~ited lprtg

rlZI I jIll ,o Il'ct,,Io 

CONCLUSION 

These In'elinlillal'v stldits sl',,.itng al tlteratitul of tidcvcle endocritne events 
ill tile rhet'sus Innkc, 'oflertilt' promlise that I+1 IRII ant;tgotlists will be IMiltd 
to predictably inhibit ovulationi ill womten. Frtticittl areas or expated ill

.lestiglti iltilde: 
1. 	'Ilhc ev+aluation of'1 IlIR1I antagonists with inc~rease'd potencies and longer 

I)i< hgli l hltlv' 
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166 / Physiology and Contraceptive Effects of LIHAH in Femnale Animals: Antagonists 

2. The evaIlationl of- iciltilleri Icgiietcls citj)IIasi/irtg atdrttiiisti-ion o)](f
AI RI! an~tagon~ists e ill itt foilfliutl jpiUIsc ()I the tt1CtIs~tIdl ('4.Cle3. Invt~estigaitions to (letelilec whether the c~cIlts (f foihiliat i'Luplure and~dsdciate (d rihc m-11111 followiig tivaltttellt With IA[RI I alIlgoI lists Call be 

4. Stud~ics~i ii 1 t ijtt't clicfcts of I.!IRI i amtlta 'lsk ulifil t o4'cm-aiadl lO11jcC. 

nlists h~ave111111 Ilnfi(.Iteo *tnv antijf-Iiiiil' activ'jtis 1Ic'radtonldt
:ie-( neqolircd foll dchfilifije (OtI('ItIsiolls. 1
: o4'e.dIIild (tt 
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Antigonadotropic Analysis of GnRH 
Antagonists in Higher Primates in 
Relation to Ovulation Inhibition 
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l',wcn (; Rl I art.Igoists eccively block ovulation ill rodents at low (loses.Specificall, [Ac-olevol-ro'l,( :'-)-lih ,l)"lrp i",.N Nc-l~eiij'(;iRH (AI)id (.\-(fhv rl I .,(.1.1).l~ht ,l)l ,).(;l RIl (All)SI I('(f t 1 w re delion\'(.atIu
ef l'of i'c dose 90 of'20 Lg/ral nid 10 /lg/ial, iespctCive ly.R161s eig hcd I80 to 200 g when ilic(ICe(I StlictidC>tslY ill toui o)il. IIA .stid\ %N',miuici tliken IlllIe chiiiizpaltlt . (Pal tf/ugJdj.stl,), a species thathCle icstiilahs iiil iialCi lialy,isspo' 1 rClS d .icieC eIllo(iIiloogy,7 todcltel' ill,,,
it(G1llI Clt;lCgolists sidh as Al md All ha c antitll ll ropiC'mdl anttimvulj;ICrv1 tiivitill 
hot cl sl)t(ics )rvc mt 

highcr prltlilcs. l)iffcrclc-s ill endocrinhology
ile, alSslll)iOll [flm ([lt fwi' ll I( +cllls('lil)e extr ,1t)t+awlCir.c.C tl IC)Illall, lprticularlY ill view of cquivocai results ircviously')h)Iiicd ill two, liC)llkuV 5 t 'ts with wIier aniagCisritS ;I( ei\'it, rC)(feuts.2,IC 

MATERIALS AND METHODS 

ANIMALNS 

"l'C ililill 'lrialcs werc selc led oil [fie basis of' good healti, and regular andtICri~l~ cycles. Il litle iistances the' were successfilly rained to submitalert vtllipJ)lli(tlrthe: o>le toliinl h was bled tnder ketainin hdrochloride antcs
thesia (10 tng/k 1).


Tlic ;iiiiials \serc 
 exal'iil*Cl d dailY and illcioltice Of, Ilu_"lllld size of 

iIll k was suipp riiedh%ton ti NoI-It)-8-2821 homW NItI II) to tiht Salk Insiitittc atilla S1CIH''1(1CM t i) d litiaIle kCscaCICI Inlittlite, Newedg., Ntexo StaUi.lkiltl, c il' 'killed wltCi i.ul assislCCCtM verity We gratefullyr. Stcvc Ridrirds. 

168 



--

AntigonadotropicAnalysis ofGnRII Antagonists in ligher Primates / 169 

sexual swclling recmor-dd, as (fescribed by (rahani.' [lhe animials were fedoil Pirina ionk,vey chow, su[)lellltlte with frnii and Waler ad lih. Ages
ranged from IO.H U 22.3 years and wcights from 35 to 58 kg. 

DRUG PRFPARATION 

AWhalgs were rmckeive, sa flu fty Wite i),(Ioolir, ant! Were i mraelfoI sub
,ritanc+<siltjctiol in ((r11 oil andImf intravcnos injc.tion in stcrile distillcd
Water. Plrcparainons ill oil wcre tIade by placing an appropriate anlouilt ()f
analog and 15 il oil into a Ilionas teflon pcstle ionlogelnier. After hoinlogeInizig low 10 minute..+s, the mlixture wis placed in a storage vesscl itS.(
Vo'texing beflblrc each ts' produced a pilh-gold, opale-scetit, ine, even sus
pcnsion. The antagonists wer dissolvcd ill distilled watcr (I tng/nil) low IVadmhinistratio t. (GRlI obtaitid fromi the National lituitary' Agcncy was dis
sol'cd in stcrilc sialinc a(tltIle rc(llilirc(c(miientratiol. 

HORMONE ASSAYS
 
E'lstradiol anl proge.-sttic 
 wcreC n1astur(d byveaa Iiintinoasa., using rab

bit anlistla against tite -
 scrun albuiiin ldcri'atives (d cstradiol-17fi anl i)rogCsterote re,,specttively.. ( :tssr(.tivitie+,s 
of" ltest allis ta with llo(istcroid hiortimolcs have pre.viously bccli c tab
li.is idId 

lht [),ti assavs ,ili lts ofI' sciutu sanipl s (250 il for p)rogestetone. 'l-t)pI flr csti *iliol) andl low-, fiihlh-. and high-scriiti )),,s w'c cxtracted in
s(e tp( I )tubfcswith ten 
 molilies of so)lvcnt (hcxate for plrogcstcronc,dictlh\'

ctilecr fIr 'stradiol) by vo<itcxinig lor15 s.cmuls and 
then placing tile titilcs
in a hluii itl p silion in a tneIlaini al shaker for 30 
 ntinucs. SolvCtit and 
st'itnl l;vrs (vt't' ,'j)uii tt(' by ttifuigatiotn anid st~itt'd oettriglit at.
2()( ""ic olvnt la cr was poured off front the Utote. rtitin lllt and
dli. dow,,'n ill a 'oit.-.leX-('va% tmo 20° (piogesterotc) r IO° (estradiol).
at 

()nc uililitutfI (l-l'lf,
(0.dI( solutioon of K txtiifllavotcl g(latin in lh.llios

hlhate. buffltccd salinc; ).1m Na(CI, 0.()lm/11l 7.tij Was l,tfeh NIh'o1, 1:1(00() lhinicto)sal,.lto the tidiets toire'fis, olvc tihe extra ct aiitf tihe tu becs wereit 
vmrtcxef for 5 seindmuls, all(wcd to stand for I inituites andf \')rtexcd again
fur 5 scmnds. l)uplcatc aliquots f (.1 fill Werc transfcrrd-t to assay lubtbs.


A series o)Istandards (Oi25-Mt Ipg/l p1Il 
 I fli csttailiod; 25-lI0 pg/

100 [ lu'n-l( )11, 9 :1 fOi )ogestv. itre) were p-tpa fbt
I each assavIi, alitn tt ing dirt tlv itinto) ass;i' tnlibs and drying d(owN. [lic dricd-dowtt
statid,.s w r'elissolIetl iwiO(.A ti l el-PBS in the lillnet riui l (ist €scrilbcl.

'rni i) to 70 IN A I2.l,6.7- l(N)l-sttadiol, 101.7 (1itnnuol or 1,2, 6, 7'Il(N)J-prgclst<irmnc, 9i.5 ( i/itiil \m'wetadldl tofoach assav tube in 200 pilof (d 'l-lBS folowed by 200 p1of titt' ('ric-s)tidin iill lillitt( withistieilil 

sutfificniit (,cl-IVs t bilid .10toI )1,Ofi trace . (App)roxiniat dililioniscWe' ]:.i.(f()or r(geSteCUItr , an! 1:1100 Wasforlstradiol.) lhc tmixturc 
shakeli at trlll Itilitiratilict for 2, hitrs, whi-tuil)oni 100 p.l itiiniiiobcali 
itagtt (goat aiilti-tlibhil iniilliil itlil, he'avy and light chaili, Bio-Rad
l.ahloatoris) wis,, adhdf. and ihe tllices iictilead ('irligltit ishaking water 
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bath at 37' . After clitiifugation at 100 x g, the superlliatalrt was pouured off
into, scintillation vials , ,lailing3 IIl of a l'Ia()lI'()l'OI'/Bio-Solv (Beckman)'i
Toluent, liquid scilltillation to(ktall and tit'c ftdor 2 lilllites illo it PackardTri-:alb l.iqluid S(Iitillatioll SpectrIonlIe(ter.
 

Assav relialeliitv w~ls asstssed bv 
 tlit quality (o(nirol systeuni oflRodbard and
associales."' StrlrlaId clllrves wele estalllislil(d front a logit log plot of' the
percelt binding verstis ilograln), of steroid santlalid.1" Estradijol and pro
gestelorlt, (olit'iit o eoftil saillple were <a.illite.. All Nallis representIneal of*(Iuplict+ctt (t'le'lIllillatiolls. the 

RadioitlitiuIaSSays for (cil luln/e FS! I arid 1ll1 werc1 p1ertforilled as pre
viotuslN described. "i' llc hitlli pitlitair ,rpl,;iltlior IFR 907 (201ILI FSI ,
.18 IU 1,11 2nd IRli/ig) was tust'tI as aistritdard lt1 both chimpanzee I-I and
FS!I. (;hinij,ll(t'c go ;llTl,opiis (loss-react with antibodies to huilinat go
rildotru pills in such ai nlilit'r that dilutiois of chipliupilazee sera are parallel
to the hiiiruall pittitarN, standjlard. Assav reliability wls assessed by the quillity
cotIlrol SSit-ill of Roul(i alnd associittes. ' All \;lluies represent tile Ililell of'duplic awt dt't t' l niIllit io ls. 

EXPERIMENTAL DESIGN 

Menstrual Cycle Assay: I Ie priniarlv olective oIf this study was to test the
effc tof 0.02, 1). 1, mid 0.5 rug/kg of .'\I on th liienstrual ."tle ill order toid(llitifv :1 dose wiih amltiovtilatory activitY. Three or ourwvl 'vit'lice of 
alliIllaS wcrc tested at each dose leveI. lach sulject trodelwent a vehicle 
c(ntl0 l c'Ylc bftlr drug at!diiluisl;itairi. Ill control ainl treatrireit cycles,
vt'llts blood (It) 111)\',,s' obtajlicd fclill tIl altrt siliects o)I1 tle set:ollrl day
ofI rIaxilnIll sexIal Swc'clliiig, tlll dLil, florii diy Ii until the c'i(d (f tiiaxii al
swelling (licll foIlullal ph;sc). llicv werc also bled Ii dvs 1, 3, 6, 9. ald
12 after s i sw('llirig,l Iegrtssloi (lineal phase). Vehicle or ,llltagonist
adlrIIlristriltili begall il liv 5 of mIraxilnlal s xual swellilng alnd was perforrIned
ilrilIne(lially aftel 11c1te, btweltOie hours of, 8:0( and 10):0) a.11.
VelI or .,ill, ,ldnliIlijstrali,oll etased cither after tile first (lav of sextll
swelling rt'egr-sshll (lSIt dlaN lhitt'al phase), or terilinlltedof was \ihel sexu;l
swelling pen sistecd for rrore I I davs ill cx the coltrol cyclec. (This.Ia ess ofI 

litter lIitclloll W\.' tlrihlovec( b u of ovuil,ltion Illiglt result in
ist. il1ibition 

prolollgcd s'x al SwcIllirig 
 Anid it was lni cessitv to limit (lruig usage.) After a(lilug v\t , cat Ii ;ririnll was re'sted lotr olic V(yIc befonte being reuised. One 
groulp of ariimrals rt'( tiv'cl 0. 1 lig/kg allnagoris Ihirte tiltes petr day it 8-h<our 
initt'tvals. 

Duration of Action of Antagonist: Iit order tlo i vestigatt the lit rtlion of, act oi
of \1, 25 ig (;rih I chllt'nges were givell IV to two altrt chinpavzuees at 3homr intervals for 21 hours oIl tic fifth day of, rli xinaa sexual swelling; 0.1 
rug/kg Al was admitnistered subcutal eously after the first. GIRI I challenge.
Serul.l was obtaild at lit- tillie of each ( rRll i ijectioni and 30 Iiruites llter.
\n ielilic;tl (tocI, exctFt for admuiriistratioti of oil alone instead of' Al in

oill. wa'is ( Iildut( ted 2 dls earlier. Additional subjects were not studied because 
of avvlsioll to rv'[ieated alert \'enij)tlictlire. 
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GnRH Inhibition Assay: Such assays were conciicted in four to five subjectsand con trols. Chirnpalr/ces were anesthetized with 10 20to rug ketamrninehydrochlo ide/kg and supplerlrents given 1 as needed. lihree pre-GnRIlvelnous sarirples were obtained at 15 minute intervals and antagonist ardGnRII were ininiedjtaely adminiistered IV. Repe.-red sarnples were obtainetdat 15-ininite intervls. AL, I rg, per subject was adrministered on day 2, 3,or .4 off menses, imrediately followed by 100 p-g GCRlI-. All, I itg, wasadministered ol dayt', 5, or 6 of riaxinial sexual swelling, inirnediately followed by 10 gig (;lRl: a sectnd (lose of (n RI and All was adminisiered90 mirnutes later. Ill a separate experinment, I rug All was administered twiceat a 9 0-minute interval, but was10 pg (;nR1 % adinristered only once, innieliately after the second All injection. 

RESULTS 

Menstrual Cycle Assay: RestilIs are surirtarized in lables 15-1 and 15-2. (ontrol cYcles (it 13: 'ables 15-1 and 15-2 and Figures 15-I and 15-2) showedthe amicipated patterri Of seXual swClli1g, golnadotro)il- and steroid hormonesecretion, 2lraacteri/edl 

swelli,:g of 12.5 ( . 
by t nueal (- S.E.) dtiration of tuaxinral sexual0.76) daxs, associated with estradiol-I 73 (F,,) levels rising':1i to 100 ig' l ;rr sme instancces, although other uycles did not show largeStradiol pcak',, Stiit'qutreitlv, sinitltanleous 1I1 FSHanid peaks of 18h.()-L 2-t.3) and 52.1 5.9), .sp)ectrvelv occurred. Sextul swelling regression[henr followcd, arnd pr(ogcster n lvcels rose to 8 18 rug/m. l,Theto rrucar( LS. F.) intr va1 betlt thelit last da, of uaxiral sexual swelling (irniuallucial inter-sal) inl fhist (Ia of menscs was 10.7 ( 0 7)01(a mean ( ± S.F)dualtion o)f a s .3.tIleistA 2." 11 (Me conrl aruiuial had low E,, values, avery sniall 1.11 lisc, it icualtilu biphasic, low progestcrone rise, a d an 8

dyt\ hltat;l inlct\,1I.
Ar 0.02 trg kg itigonist. iaxinal sexual swelling was prolorged by 6 to9 (l;a\s c(llpareil %\ith t(olsun (Fig. 15-1, '[able 15-1). l.- and FSII surgeswCre cOrtspotidirglv delaycd, blt occurred in most instarces shortly beforewithdraw;II of ,rtiagorirst. Sexual swellirg regression was followed by t norln1dluteal interval ard irogesterotr values within the rioriral range, suggestingflrat lhe anrtagoniist iithi el olyh a tcnipolrarv delay of ovul;aion. This effect
was n c 
 n at the olict dose levels (Fig. 15-2).In all do se groups, sporadic endocrine ainrornialities occurred, includingdouble Or (liSjiulivc 1.11 peaks in six on 13 instances, no FSII peak in oneinstanuce, and neithe nor[I"1 l-I peak on one iristatit. Itn ten of 13 treatedcycles, the 1.11 peak height wa.s less than ir controls (Table 15-2) and itvclcs tire ninecniea1:511 peak liight was .sigrificaly reduced corrpared withcontrols (tW<0.0-5: paired 1-test). Other thal ts roted, tire endocrine profilesof the Ireated cycles showed the expected patterr, with no eviderrce of' ltereWlineal firrction i resultirg frort tire attenuation of gorlat tropii peaks. 

Duration of Action of Antagonist: In order to exairine the duration of anltagonist action inore closel v, repeated ;n RII chalJlenges were given at 3-hour 
(Text continues on p. 17-1) 



TABLE 15-1. Mean Menstrual Cycle Parameters (Days) in Chimpanzees Treated with [Ac
dehydro-Pro', pCI-D-Phe2 , D-Trp3". N'Me-Leu'J-GnRH 

DURATION OF 
DOSE MAXIMAL SEX 

(MG KG) N SWELLING 

Vehicle 4 10.5 
0.02 4 17.5 

Vehicle 3 12.7 
0.1 3 13.7 

Vuhicle 3 13.0 
0.5 3 14.0 

Vehicle 3 14.3 
0.1 3 day 3 16.3 

(- S.E.) Vehicle 12.5 (-0.76) 
I-, S.E.) Drug 14.7 ( 1.2)-

'0.02 mgIkg excluded; n -9.
 

tn 12.
 

tn 11.
 

ANALOG ,O2-0/kg 

4-

ESTRADIOL 
pg/ml 

200 - , . . 

I ~Fig. 
ig /dI 

30Hduig 

2000Cycles 

160 
120"(closed 

80. 

40CIcles), 


360. L-H 

SIZE OF SWELLING 

2 ~regr 
0 

0,5 10 15 0 A 
DAYS FROM FIRST DAY MAXIMUM SWELLING 
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LUTEAL DURATION OF 
DURATION MENSES 

9.5 2.0 
8.8 2.8 

9.0 3.6 
12.0 3.3 

11.3 3.0 
10.0 2.3 

12.0 2.7 
11.5 2.7 

10.7 (-0.7t 2.8 (--0.3)t 
10.4 (+0.8)1 2.8 (-0.4)tf 

15-1. Endocirine and 
sexual swelling c:haniges 

IIW () enStRuA 
(if' a h.lipantzee 

rieat ed withIie wI 
circles) and (Rl 

antagnhist Al (op. 
respectively. 

origo.tal bars in(licate 

mnenses. IDiug-associated 
lelv in) sexual swelling
 

ession and related
 
ed(in evtwens Was 

evi(len" at tile 
0.2-mg/kg lose level. 

A 



__________ 

TABLE 15-2. Mean Characteristics of Gonadotropin Peaks inChimpanzees Treated with [Ac

dehydro-Pro',pCl-D-Phe 2,D-Trp" 6 , NoMe-Leu 7]-GnRH 

HEIGHIt HEIGHTt 
DOSE DAY' OF DAY* OF OF OF 
(MG/KG) N LH PEAK FSH PEAK LH PEAK FSH PEAK 
Vehicle 4 9.0 9.5 123.8 42.1 
0.02 4 15.0 15.5 160.8 53.2 
Vehicle 3 9.7 9.7 239.9 58.9 
0.1 3 11.7t 13.3t 220.1 40.8 
Vehicle 3 10.3 10.3 250.7 71.4 
0.5 3 11.6 13.0 108.7 26.2 
Vehicle 3 11.0 11.7 160.0 40.7 
0.1 x 3/day 3 10.5 12.0§ 84.5 18.2 

(-S.E.) Vehicle 188.0 (=-24.3) 52.4 (t5.9) 
(-S.E.) Drug 144.8 (±31.3) 36.0 (_5.4) 

Day 1 first day of maximal sexual swelling.
 
tLg/dl.
 
tDelay attributable to 1 subject.
 
§n=2. 

ANALOG
-EN.50 mg/kg I 

C
CPRO12 

8 ng/mt 

4. 

ESTRADIOL
 

pg/ml 

40~ 
2001Wo 

FSH 

160 ug/, 

120
 

Fig. 15-2. Endocrine and 
sexual swelling changes LH 
during (wo menstrual 240 ug/dl 

cycles of a chimpanzee 200
treated with vehicle 160 
(closed circles) and (;nRH 1;O
antagonist Al (open 80 
circles), respectively. Ni) 40 40 
effect of the 0.5-mng dose 
on temporal relationships SIZE OF SWELLING 
of menstrual cycle was 4 
evident, but reduced 1.H 2-m 
peak and broad elevati.n 0
of FSH were frequent 0 5 10 15 20 
findings. DAYS FROM FIRST DAY MAXIMUM SWELLING 

173 
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1TREATED
 
120 
 0 CONTROL
 

In 

60
 

-J 20" 

-1 0 	 3 
 6 9 12 15 18 21
 

HOURS

Fig. 15-3. ;onadotropin responses to serial (nRli challenges (arrow) befwore and

,f t<(1Adinistration of Al (A) 
 to an adult female chimpalizee. 

intervils. These did not reveal any consistent effect of antagonist oni baseline or ; Rf I-sti iulated I.1H or FSH levels in two subjects studied atier antagonist*ililiinistrattioi (Fig. 15-3). In Table 15-3, the illeiea increments in I1 and"SI I l(vcS alet- (;GRII injection in the control experiment are very similarI( the inci reinents after adm inistration of 0. 1 mg/kg AI sid)(b111a leo usly, execpt ilt both pre- and post-arttagonist baseliles and FS I ihitremiewts 	werede priissed 	 in one ainMial, an effect evidently independent of aiitagonist
adiiiinistrltioii. No treni with time in gonadoiropin baseliie or response to 
( rRi1 was observed. 

l)e.spi lie availabilityv of data frojm only two subjeats, owilg to a versio
lo rejlwateld alert vein pu ncturC, the data provided t reasonable prestno )tionthat no (ofisistetit inhibition of' gona(lotropin release, if' any, occurs itidlertll. te'st ( ditiotis. lhis (:onclutision led us to exanine the ef'fect of Mitravetiouslv atiiiiistered antagonist on (riRI responses, since we (Itiestioieol tile 

INof- ll ant ago ist when delivered subcutaincously ii oil. 

TABLE 15-3. 	 Mear ( - S.E.) Increments in Gonadotropin Levels ([ig'dl) after [Ac-dehydro
Pro',PCI-D-Phe2,D.Trp3",N"MeLeu'j.GnRH (Successive 3 Hourly GnRH 
Challenges) 

SUBJECT A SUBJECT B 
LH Control 17.2 (L_3.0) 9.7 (_3.0)

Analog 16.4 (.4.0) 9.6 ( 2.3) 

FSH Control 10. ( 2.8) 	 5.6 (_3.0) 
Analog 3.9 (_2.8) 7.5 ( 1.8) 
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Fig. 15-4. Mean ( _S.E.) serum gonad(outopli increase ver baseline before and 
after GnRHl- and Al- n %ehi(le-aininistered IV. 

GnRJI Inhibition Assay: Al was evaluated in menstruating chimpanzees he
cause, u11e1(r these C01(l0it0iis, 100 pLg (GnRf1 elicits both an 1I.- i nd FSI
response, thus providing two en(ltpoints fo0r evalhnatiot of the antigol ado
tropic ef fect of the antagonist.: 

[iterpretation of the dat a was complicated Iy tile ;tact thll both preanalog 
baseliIne and postatialog response was ,oiisiderlahly lowei il the ti-eated atni
mals (n =4)than in tile colltlols (11= -1). This effect is af)parently attrilbutable 
to individual variability only, since a1 samples were run in the same assay. 
When the dlati wetre expressed as increment over preanalog baseline (Fig. 15
4) the area under tl:- LII curve was inhibited 61% LN' antagonist, when com
pared with tdht control curve (one-tailed unpai red t-test: 1'<0.025). 

-TABLE 15-4. Effect of [Ac-dehydro-Pro',pCI-D.Phe2,D.1'rp '].G.RH on LH Response 

AREA UNDER THE CURVE; ARBITRARY UNITS 
1st LHRH 2nd LHRH 
Response Response
 

(Mean area) (Mean area) P 
Control 233.8 634.0 <0.05 
Treated 143.5 101.75 >0.25 
% Inhibition 38.6 84% 
P >0.15 <0.05 
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1.01 analog or vehicle 
plus
 

60 
 10 ug LHRH 

or vehicle.Omg analog 

40 10 U LHI, s 

10 ugLHRNCONTROL 

.,-4 

-30 0 
 30 60 
 AD
1 
 ISO
 

TIME (MIN)Fig. 15-5. MtaSj sc..)stri gonadolropin conltentration bef re and after
(;nR1l-an(l .. lf-ad ilitjilertel IV. 

At this point in tile study, atltlgonist All, twice as potent ill the rodentAI, lec~amt a\ailabhe. It Was Isdecided to initially evah'al this antagonist inl itmto(lifi(l (;1l0 i ntlnliitiOll assay.
to In crase till, 

The 'lose of, G;RH was reduced io 1O jigratio of antagonist. In additn,l,'o (loses f, (;nRII weregietil al a 90 Imilnnic interval, w+t:,ke advanlage of the .self-piliing" effectof tiRI I" and so fit rtller enhance the LI1 respollse. IS I was not IneasurlLd,as all FS I I tesolse is ulstally not (leteclable tler these conditions. '.*xii k t1-t'i'iG (;nRlIl,* but no antagonist (n=5), showed an 1II re-SPuse to ea h (; nRl challenge, the .econdcl responseincnlt.d (!'<0).0l5 01 te-tailed beitig greatly augt-test) as antici pate( (Fi,:liiillisiralioll (ti 
. 15-5). Antagonist

5) Was associatcd wilh a partial (3.,inlihitioI ol th I 1.!1 respinise to tile first (;nRli 
)and nontsigtnificant 

challeige (Table 15-4). Inl'wltrist, th( ',ettd (;onlI res.ponse was almost totally inhibited in the antagotiist-t-et.ed atlilnals (area tinder the curve redtnceld by 81((, compared

with (outtols: '<),05).


ill order leo explore fhe 
reason f'ori" lack of' inhibition of die first (;nRHresplntse., a smililar experitlelt Wa:, coiducled, but in which onl, 
 the second
iljection of All was associated with a1(;nRll challenge. 0)f four (ontrol attiinals. with tolnial taselilies, three showed at least foili Fo.fl mean 1.II increruetits after (G;nRI-I, an(1 )nea small tespotise (<twofold). Atnltig Imur analogttealel animnals. oie shiowed a f'orfihld increnient, one nio substantial change,alld two a (a c-tellteit. Whe alleas tlder tile ctrve were Calcuilated, allalog 

http:tagotiist-t-et.ed
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treatmen~11t wals isso(-iate(I %%iti, app~roxinat cI a 751,,( decrem~enII i a ca, ILtttder 
the CLUN~C. (IMean r-CSf)0ImSeS SigiifliaItixI' dIfI'f'rciuz III tc 'Manni WXhil nex' S111 
Rank Test: P<0.05.) 

DISCUSSION 

Competit ive antagonlistl of (nRl I action, anid hience stippressioit of' tile pre
okLtiatory' gottadol rojpilt surge, has secltieI at logical approach to inhibition of' 
ovullation anld/or Ilicilnit'ation for, coitra('ept iolt. A scries of' anltalgolislte all
alogs of' G;tiR0 I arc cf(Ttivc antri'ultory agentis ill rodents, but1 htave n1ot Nx' 
Ibeelt provent ill p1'ittt'ies. 

I this study, Al filcdl to allatc [4reovtlatory golIattotln)piIn peaks whenl 
(111i1istC1'ed at a (lose- range of10.02 to 01.5 tig/kg: there was at trend~ towards 

reduced goiladltopiii peak height, and (( asioniil perimihauiotr of' ite( nor
inal gohtadwrttopilt peak pattern, suiggestive ofI a liritited alrtigottadotr'opic ef'
f'et of, file anltagoist. Theise effects, atlthou)ghl cilcotiraging, were evidenttly' 
iislfuffilt to inhlibi ovijlalior. or Ilttiiiiation le lc coniditionls testedI,
sinlc ltttcaiI (Ittiloti Midi pI)t'geSIerone levcfs t'etiilicd iioitttl. 

;ift igoilia(14tI'F( andc ;ito'ici'rx ifects ()fIll 1th it)1.go~ti~itS I )pICi, 

1)-Ihel~-(l~1 .I Iltt t a fiis/ai. andt .11. milua, t'cspet'tiv'elx, whent adI
tlilitistecdulStltatiitcoisl' Inl (((iii ()diinl sliihstiitt dloses bImdoi' andt dl-ii'ig 
file tttidol ,vo.lc goiiadloi linsiurgo. 

'This series of st11fics 1in %wIchoulvI wc;#k, ilist Iiliciit., ()It m(asionIaj aittI
gottadwlotpi(' clfectI a;s eviudetit denliaid ai l'eassrssillctti of lilc approach1 lo 
seltcot ito f (11'.1 (lo)Sitge retgutteni. andt )(4)tilt- ofA;nfinlisilration. 

Our initial tollciii hiii lajx dru1N(Ilg %%its instiflicienixl 'hadtiiiris~.t'iiozt 

(Itilit wils 114, S
siisf' vti tlIi(- (1;ii]N adlIll' tist raliil (ItiI'lig thIlR itttsti~tal

t'vclc prt()vItlct it() furtherc evidlt(' (d4)1iigoiilidoirOpi, i('ivill N ' rwhleni .
 
irepealedf ( .nRh I cha~lleinge assay %%-li 0. 1Inirg anmrgotiisi/kg il(lede~ subfcutta
iidl~ix' t't~ildf no0 liiiiilitile M)1delayed ;Ill[tgo111)ita()p alivity. Ill this 
('o11tcXi it is Ittlolabe tha~t (apc ~d Its((liit 1 foillldanf~i s that 10 ill I)p( 1utug 

ilSj(;Ih airiotskx 11of at jut goliialottopitt levelsstthc didf 

Ill 1Wo I)ostilil( piitiusal W4)llii
 

'hTeSC ()hm-ltvatlonis ledto14) tIlriiesi whet fIetli ( dass of aiittagonists

undtter discIiiaonl arc *ipal(A1) sigi1aiif ditil tigortiitwI'o)ic 0 ill higher
;(jltI 
prit'ialtes, o)I whether ilic Ituetfod (Af adililiit aioll %%as iitapjpt'tij .1c. For 
this reasmii we itti'iied toealittot(A ile aiitigmiadwlofo a('tiott of ;ttIRh 
ailtagoitiIsis *ililitistei'cd I V Ii ani ;i tie( GiiRI I challenlge. assay. 'Iiesc cx
perunenlis showed that Iwo thif ferent anlohgs (ALI AllI) are c'apable of iuIiti
hiuionl of' ( ;itR -indtnced goiIllpinII r(I.Iweleas~sliijcicd liltiurveltousx'. 

Awas tested Ill tilclistruiillng ('htitttlart/ees al t dimoe .,ci of' I tng: II)0 Rg
(;okhh. 'I'l( tttcaii (GuRhIclcx'atiir (df1.I was t'educic( 6(",; by alilgaitii
tstt'atioit, bsut no4 sigtlifi'alit effect onIt Ii was ketxeI-vd. We felt that (;I(/(
ittihniott tttidet' these ('4)iitiolt' W'AS 11)ol elicr'iagiig for1 ('oittta( eJpive po
tentothl, espcuialx' coiisidt'ittg ile( tolic of' a(fltittistrail olt. A fpi'othisittg alt
tiovulorv agcent should prov)'.ide ('loser' to I0o'0 1%ilthbitioln (of gotta(Iotrofpitt 
rcasem Ili arn .1(11C expeirimenrtal designt. 
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\Vhie a itort, potent liaalog (AllI) Iltile rat bCtia available, we redesigned the (hGnRll assay toCiliremase its sensitivitV. l loelC, data from the twoexperilllents are lot (firectlv (cmparable. All, 1 rag, was1idiilfolilicIlar .hi11u1/IpA ees, iilliletdiatclv followed 
adMoin istered to 

by I) p-g (G.RH. (Condi(lols calulated toCoptili/e the 1.1I resionse and aliragoIlist/(;iiR1 ratio). InadditiOll, a SC1(Old (lose ,tfantagonist and (,iRl I was given 90 mintites afterthe first, because all e hancetd gouadotlrropin response is seet under theseconiditionis ill tile absCnce II altluagonistY',Strprisingly, onlv slight inhibition(38 ) '(ftihc fist GIIRI I-ilidliced 1.11 I sLIPIlse was noted, ill contrast to thatinldu-td 1 A..AL ( isidering Ili greater ialog/(nRil tii ,aiatld greater potellcv i!1 todeCIlis of All, this result was totall' unexpected. A large LH response to the second (;nRl challe ge oC tirr'.d, prolbably reflecting the socalled self'-prillilig eflect of GIRll. [he altagonist Substantially (81%)blocked this second ( ii RI I r.sl)Cstsc. Whln All was givet 90 miiites bef'ore,anid ctlltlrl'lrIeN %iti it single (nRlt chitiige, a substantial inhibitioncurred, ill CoCtllast toIC octie plo ihilhiti(,lo whll tile two (fhugs were given inquick stlcessol ill itillv.
All rct-cires a fillitc lturitlioll
(Cf /prc-cxlostr. toIl<ock a GiRll challenge.Tile dlesign of (;riRll challenge' exletimlets tall grealC'eJtioli of atltagC1li,,I iinflence tile perl)Ct.t'+c.. PeadIiiljstratiiC Of antagonist should probably'b aa stlllClatld ( It)Cfltilj of (;G1II I-iIIIibijlti assa,YS ill priliates. It lightofhllesc' at s, it settlls posible that AI wolild have sholwn evidence of'greater
poletlI \ t-eell ' had it adililiCsitQ-led 9(1 minu1tes before (RilA fIlith r k.v poitt is Hia Al RI hallnge.amd All aret a)ah.le of moderate to substallil mIlire JiltigCCia~ltIC liion il lip.CIIe,'s povidtd the are ad111iiitiisrere IV. I i failur, I()fhtid a l~ldof Ci~f tlfc.t when AI wasa;ll1ilte'eh-l ,C l(tartt'tilv ili(ornloil inight be a ft li ietal~olisl, 

(f
CiCC I iC f aw)lt,'olpit fll'i trow v.hiohe.1itial Lut l SI'llCl 'lte thichioteof vehicle Iiay' he theI ,Ces, lpotent alitigorlists, 1l)- l j),l).llh.Ci[ ( ;nRI I andCI l .lnht.Cl)l:.l) 1 %cirt 
)l 'l 

,(; I.ere .":teratlv1 l1 , efflcctive illitlilbitirig i.11 t('polsts IC) t'1wC.iC(((stsi'v ( RIl I ( hallelgtgeS wile ildlllinistCtCClrd Cubcuiatm-tlsloIC)ClitlpaltC/cs illinropwyhellc g lCl/saliltw ill a similarCxpl-Ililntal dC'sigrl lo the. illilitiotI assay etllilhyeld here..- A vehicle suchis (C)' l Cil. though fikC.V tCprCvidCe the dlesireCI show releaset needed forchronic goIaCChCoCCi suCppIeSS.t. Might no[CIachieve adtequiale blood levelsCf' alltaglrist ICCICht k c ICC g'Il<is (GtIRII atiC0tl efitiv ules,;tlh, ilucl
L'rger- dhoses are' lIhititlistcrt.d.


IC develo ill effeCtlive plhiCtcC)Cl for plltlial ailt iCvillr;CII) tilials, 
a tloresVStClIllal ,apll)C'ahC C t'o i (Cft sel'tjC alltagillist, velide, rolte Cf adiinistra
i111, ,til(I St is C'f ilCC.A (GICRllaIss v 'sitti1al to liseCICI'at with All is suitable for initial evalLiatiotnof dlug pil , %tCv.IIa ilng ihltitlid a lltig wJth ade'qulate potency, a vehicleand roll 'tCf ,lifiiliistratiotl imust b~e scle<ted which are siitable for repeated,iiltilisiraCCti ;CCl larolCng.d drug actionII. 'lh (, Ril hIallengc assay canagaitl be £uced to assess thIlse I,trs.lielex qIuIestioniC toCalllsWel is ItCC,) w ICClliltaill ,tilrtiLItls 1id(1 adequatesulpression Cf gCIaIholrCopi (Giveni ,IC.allCh'quttewoulhd appear to be a ialiel of' (lose anld frtqueiicI, Cf ad iiiistration. These 

seret(I ll. antagonist, this 
adminllstratitl palallltrs cln be evaluated illthe chimlpnzee, either by a(;nRlt chIlllnge tvarious lc,.'ls after antagonist ,adllilistration, or perhaps 
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in the male chimipatizee where absence of the cyclic variable can speed up 
analvsis. 

Using these atpproaches to tile nia.rpulatiot and evaluation of drug adinin
istration parameters, it should be possible to estailiish a piotocol that permits
continuous gotladotropiti suppression. One approach to dosing that could be 
considered ill light of' oul lreviOls results is an ittitial IX injectio1of an tag
olist to obtaili high circultting levels, followed by subcutaneous or IN (loses 
to chronically sustain tile circulating concentration of antagonist. 

A systematic approach to antagonist and (lose regimen selection for ovu
laltiol suppression in p rimates is cxtl'emely ilportant. Il the abse'nce of" such 
a iilapproach, negative results in a iCnst rual cycle ismav are impossible to 
iterpret. It is unceltain vhether tlhe particular antagollist tested is inherently

ineffective in the pritliate model, if'oe of tnany possible changes ill adnin
istratioli protocol tuight )roduce the desired effect, or if' the principle un
derlying this approach to (o.itracel)ti(to is invalid. 

Ihe principle oin which this appiroach to oviulation cotitrlil is biased has, in 
fiact, beel (alled into question. l'vidence. has been lresented that eridocrin
ologically liorllial menstrtial cycles can le reprmuced in rhesus monkeys
(leptived of an elidogellous source of G(nRl I and otitinuouslv adninistered 
small cxogctous ilses. This implies thl, at least in the rJcsus tmonkey,
thete is to ob)ligate ic(hltlielrclmct for aiplco'vulaorN Gti;RlI surge. (The g')
ntaltrloitt surge tiav result instead ftio anl estroget-tiiediated postive feed
ba( k scisititatioi ofthe goitadotroplhs to)ia relatively constant level of GtRl1.)

Support for or against this hypothesis can be recruited from a systematically
dlesigned ('IRll iadniitiistraitioti1) 1to( )l which has been (IlotIstrilted to 
provide adequate clronic sutppression of lic gotiadotropin response to ex
ogettous (GnRll challenge. Falilure to block iiidcvce gontadotropin elevation 
and rcllted \.ents with such it protocol it, itnl or a closely related species 
st.c hIis the 'hilitnzccli/ee would c oke the prc:,uniption that there is indeed 
n reqtireiietnt for it lrcovtlatoY (;tnRhI sige ili these species and that 
;nRli antagonist atdmitiistl+,ttioti is tot it viable apploach to otvulation itihi

bitlton. 
lhowever, ttrte is eve v, reasoi to keep aill open iind on this issue utitil 

wticlusivc explritctits can bie conluctecd. Wilks aidl colleagues '.'7 have re
pl td llititA evidetice of an aitt iovulatoly effect of' (,tRlI antagonists itlrhcsus ninkev s: replicatiom of their data oil it larger scale is necessary. Sec-
Mid. rhesus miotkeys diffir fotii chiipatiuees iti their GuRHI respotlses,9' 
ioll it is quite possible that ill higher prittiates in acuite preovulaitorv (;nRH 
surge is preset t atid ltecesilrv fIor ovulation, walitever the conditiot in rhesus 
Illillke vs. 

Ill ivew of these tlicertitil lies, it appeats preatuttire to proceed directly to 
atteilipt to itlibit v'ulation iii womien before validating the ability of GnRIH 
antagoitists to block ovtlatio itt aniial models closely telated to man, such 
ias tile cltittpllmte. 

REFERENCES 

AN X. FU , 
Zatudhni (I, l.a bb k MII, Scia, lJ I (eds): Research Frontiers in Fertility Regultion, pp
-109-123. tlagerstown, Itlarper anid Row, 1980 

1 ASIR Rt. .111 t iKStON G et al: Neuropeptides and fertility control in the female. It 



180 / Physiology and Contraceptive Effects of LHIRI1 in Femnale Animals: Antagonists 

'2. CORBHIIN A. JA'./( / %K. pf I I s( I. Ij 11i: LIfti I ofI 1.1-Ri! Jl iv *lldo i't (l IIovlationk 111d Inlisltial '.1 Ic f tfah-vainig t1ai 	
.rltic~ 	 pli if oltis:i(-)II 2e,11i97813. G;(NiAtLst'.< .K.' NA. If ])N' cI .11a:SupIio'j~lii gunlionljn icleasei iiiby ;fit itnhjibifo' otiaoicj of 	

atI-RI I. ILnltt 2:997-119'8, 1977 

11:21-2.1, 	 179
 
it
5. (a 	 RfkNH:. itisivs;I.'51 I Ilhlibilionl of IEI RI!I off '.o gvcl-ifit(e(I g ladotrnpins.urges he,;fn IIhI *ni.iig fit imlllinrt' 

i. 	
Biol Rcpiml 20 Nutl~jiii:1 I109A-, ;,,79GRHAM. (.f: Rt-piodu(Itot pi.liiiig'.p of Ow t Ihimpiijn 1 /t'. III Ilojtotie (.1! wd):
p)atkee, Voll 'I he Chirti.
111, 111 18 	 220,il NvN Yotk, I~titgui, 19707. GRAHAM(x~ f: %IVI)%Ift I 4 %(1(- of OwlgluMl .jicpes I;i~gi (1, wdhj Rcplo(I i~iius Iiouogs of'die (,rvat Apes%: ( :illjal.ki'. ;1(ilhi ldil Ii1, slJick l'.t'. Sa11lDiegoi,S. GRAHAM.s 	 *'4j itlllj I)ICSS. 19)81(J. (I I~INS. D( . IMINM, if . 11Cli: SI 'Ind1	 of111'.iii'logclIjS plillitluiol andp i'.tl~if"t of plogcstcloll (IIJI lug Owi Inll~.t iai '.1%If lilc I flimlljalcc Relaitinshlipto li te4xllik s%ilillg. Ilfim log' (W:IH 21, 1972 

1979 

i12. llkkNif I .%fv I~ l S )s I 	 'i j 2I1 1 % - ( ,~ l % i i f l ~ n e 

http:illjal.ki


16
 
Discussion: Physiology and 
Contraceptive Effects of LHRH 
and Analogs in Female Animals: 
Antagonists 

ROBERT T. CIlATIERTON, MODERATOR 

In the studies of anltagonists of I.I RI oil ovulation suppression in rats, 
rhesus monkeys, and chinpanzees reported in tilis session, all COmlpounds 
were studied or previously tested f"0 their ability to inhibit ovulation in rats, 
and ranged in potency for EI),, of fro Il P to 250 Ig as a single (lose. StId(iCs 
in rats showed that tlie ef:ect of tl 1.11R I antagonists was ott 1.11 secretion. 
Prolactin levels wCrC utlhlCitNge(d, itlld )rogestCrotle administ ration tcotcoii
tant with the antagonist prevented its abortilfacient action. 

Compared with 1IIRI I agonists which are abortilao:iwent lelore dly 6 in the 
rat, the antagonists are effective only between (lays fi through 10, a time in 
pregiailiy ,whiet tle ovary is 1.l l-d ejendeit as sh()wn by other c.riteria. lPre
liniinary evieilc(<e in )riimates suggests that antagonists with grcater potency 
in rats are also itiore potent in Jritmiates. Ilowever, with tilte dose regimens 
emplo ed, ovulltiot was not consisteltlt suippiressed in prinmates. Some evi
dence that ilotre frequelit adninistration maibe ef'feotive was presented, 
)r)bal)ly more tlImi-three times a day, eveit with the tmiost long-acting antag

onists. Ls(apc froin suppression in the foirm of ovulation that was delayed 
until after I.IRII antagotnist adlniltistratioll was withdrawn was also oh
served. ()ccasiolilt] sclective suppl)ressioin of II app ael eto occur, but this 
was lot assdciated witi anlovulatioti itt the treatmtent o.,y'le noti ill tilte suibse
(Itlent C)'cle. 

Occasional iilition of ovutlatioti with follhcilar luteittizati)n was also ob
served in mitonkeys; the possi)ility of d'igning a dose-regitiiett that would 
consistently pIo(lu(t" this effect has )e. utnsi(hlred a wortlwhile objective, 
but iore work iUtist be dolne to as(ertatit its feasibility. 

Since tteiatiot oif tle antagontists is clear'ly liiite(d to suippression of' L I 
and FSHI secret-ici bN)ythe j)ittitary (no suippressioln of ( liioduction bas 
been f(otlod), tilt appjilicatiotn of this tecitlilogy is litiited to methods for 

lrinelhas: Chat Ics E. G;raham, Ca',ithcint. Rivic,.lol) WX.Wilks. 0li'mi.nti: William F. C'rowley, 

Jr., . Ioscph (dziehcr,W. Charles E. (;aiai, Ihogo Maia, Jr. 
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suppression of OVlation. Usefiliness of the LHRH antagonists willmethods of requiread iii tistration that will allow more continuous exposure of thefemale to the compound or preparations that have an even slower rate ofinactivation in the body. 
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Induction of Luteolysis by 
Postovulatory Intranasal 
Administration of [D-Ser (TB U)6-des-
G~y.NH 1, ']-LHRH Ethylamide
 
(Buserelin): A Postcoital
 
Contraceptive Approach
 

ANIDRE LEM1A Y 

NA (3.,FIt 'RE 

FERNANI) Li IiIE 

The isolattioi ;ld sllilcsis of'i ' " HIRI I ", the hvp%,otpillaic d(ccaeptide that
stilmulates i)1tuirill a.n FSII1,11 , SCcrction, and the availability of" potentI.IIRII ntilogs hlave permitted I large ntuiincr of studics oi tile oiltiol of"rc)rodutivc fnttiu (os. S'tltti( rtelesiti htomtics ctin indcl(l ovulation
inltile exi)etilletIll 1ttnitial. ; and ll i stie s, '+ ' st'1 hCltltls un, , thus prJoviding
- pi icltial t., llclilJ)etl ti- ap l oi t le treattiltt oflott hlla itih:rtilitv,bunt o+ll\N lim~itedl l attssl~s beIr('l ob~taine.l 

ltc liiff] ti ic s ill .ttlic~itlg lhtr ptlltic.ll stItcss ill treating IlItnlall inlcrtilit\ ate ll0st likely related to tilt- llow%wcl-tctogtniiecl paritadoxical antifertilit cl<tf Is (.I tlhcc Ilt'tI] Iopt i(Ics ill 1t1th tlt * l + ' ,lfCleC .".e'I.!Vic',, t and. lllalf 
cx )it'1il]+crltal ;tttial] s. hills. Iltc aitlilt listtatiot of 1.1 IRI I or a polt i l gotlist
()It disIits I oI II iii nlorml feitalt,.rats hIs been shlowil to dela.. tile expecte(

tl \aIitilil ttlli ."" (;((lv o ttI oi 1 1h il . .l.%''2l"g )1, t l i -tlu t i l)itles have alsocilko llt,,tt toiatl t-mtltl( ti )tiv. a tivitiy I t lhc r;ts1 t )p .1 antd 

AItlougg tIll J)t'tcist llcnc t1hiSltIs Itesponsible for tile anttil, tItilit . effiects of'1.IIRII atndtl its ilgotnlists alt rit() vet fully untlrstood, at least IlIrt oIf thesecfetts ate pl obail, mteiated tihe loss Ofiil gonadlal recep.)tors al (l desetsi
l/aIttoll stet(knitv to itlctd telease oI etldogllouts gotllutlotoi)lls, thusjirovitflig tIIl ibest e'i1cl)t(c for the mlntehl isntls intvolved(l ill the antifelrtility

effecls ol III h I rtad its igot lists., 1.,-7, "ltcc is also a tlirect illIhbitot-y eff'ct 

"lhcmc S1,tititc rS \ 1 ( ntii 
grtlltihth .1(k ;in (.lg(, th I, 

%it( i Ii b% N (td a n R( (;r;nt (M+A-6558). 11c aiithotis 
uilptith (d B1vilti.ti httfl it lhailmii ui titl. 
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of' I.HRI! agonists at tile gomadal level" 7 . ,, although the rclati Ve 
importance of the pituitary and golladal site.s of acol remains to bte assessId. 
Another site of tilantifCrtility cffects of I.IIRII peptides is theihadetohv
pophysis where (ltractsed gi adi tropitl res pi n(sivness to I fIRII isot.r-ved 
after larttl.gic 0r r pctitive (loses of I11Mi I agonlists. 

LUTEOLYSIS INDUCED BY INJECTION 
OF LHRH OR LHRI! AGONISTS 

Following tie (Jloscrv;':tio l of stit(Ipotent attifertility t ttts of l. IRII atl
its ,igoilistil anal gs in fit.:truirial, wc stuIdied tile possibilitv ol' a lutcol,'tic
eflc(t of tteattlent with IAIRII (lling dt lttcal phase ii itt,al w1ttenwiI. 
It 1978, twc first observed hlatllepeated sil)iitllatcos in e tions of' 2 5 (-ig

(loses if 1.IIRII lcd to etilv hft olsis in t w1women (28). 
 .As illustratcd 
in Figure 17-1, ilt. I(lIItisltiattoi of !tv.siutanellous (hoses oftIA1RII att
"-hour ilten;als o l tit s titllhlN. tt' tit- 1.11 peak i11,tI'iarpresetati\ve
subject (itscs a s'cond pai lof.1atI(I . )i tie (fav of' +IRI I t'taireattient,
esttadliol logterne Ainlf reaised. Duriing tihc fo lowiniga tlt, I (lass. serumpIrgesterolle tlrf etiilft l (Ifecr',aistdpi ocioisv tllisistc tilAtiotlil a
leartcd 3 (LINS t tlitr thatI i Ithe ((ii (.l'stI..

"is ituti~il StillV was Intxt exteIfchd io 17 trttltcImt t'v,.\,'ltWen ;alf
titisterul-cd b)(t'lw ll (at5 1 tIo 9 ,l'r te 1II peak, 1.111MI hflolttiecl the

tliteill phiae fIrotm I to I dlAs in 16 (if 17 treattentet cmvths. ( )fi' th itc

w5(IIt Wott hldl i littl fiphie sh ltctltcd by oIlSl\ I (li. Iwo hil utiisuial
 
Sp<ottitg 3 .'fil 5 dls bef tilorligilltitg fIthrirt ileilstis. Itwais thltr

troth l l tht"Ite tit'tliiclt with I IRII Sttliit(d to be 
 Iilote ffcHietit whniR
 
atIppliedl oil two ,II((cssive days Is ( tlltiel
.Ihe'rc wts \'ith a single day (lout ssoWrriC).llso it better f liclietic\ of t ettliteirt WleiltIII RII wls ,idfillis
ttIrcd il the midlle ralthlr ttanltillthe arlyI ttcal phtase. ligire 17-2 illus
trittes tie sholtlilnfg of thelittal Iha;ise. arn 
 tile peit tit ilhiitibil of' Sc'ruf
fprogestet'ne Ic\l ai (otudifig to (Li v+ of treatmn t + fter the .II je:pk. Iii [act,
itt all eases wherc trealitcit was ilmiisterred betweet days I aid 5, ti

shorte''llllg of" rit li"ctl phtse was IA ±0.2 da' 
 Nl i 11c.11 int p'ogesterolte
hiitinll wa 28.7: (i.(0% . \Vher treaitment wits afniniistcrel (it (hL's 6 to 9,

shortetnitng of luteal pihases was 3.3±+0_1 fin'
y Intall pto*gtestt(lne irilhi
bitilti was 5.1.8 t 7'; .6. 


.\c sirriilat'<ltil ti(' 'et hrs ((istv(I\ btt <ltt ilvestigaltors tsing
sirb('itateolls iljcioni of' potett I.IfRII analogs. K 'varia atnd associttes" 
repiorted that five (fill nije'tirts oI' 100tg of'I(hcs-(;lv-Nl I.'I o-eth'lanilidlet -lHIRII ealk' illtilt' pase did not tele ltcnl phase but ledIiitCaf (lltcttor 
to i sigriifi.ant dct'easco' Ilasla progesitcl.<re lteIels. (:;ISpen ari- el
er2
sitlo%,e( that oier"" twoI 5)-Jig doses o 'Il)-Itlt' 'Nl. -lI IRI nIdriruis
tclre dirri-ng tirtmiddle of IIc lhrtal liahntc itnduced an erlh arid coni(milit
(fetlitie iti i t uilrirg lvcls of' CSt radiol atnd progesteoC, ats well as a short
luitcal phase attdf lit<i.tlivlt, rlutisttitti- l~iifalaia ad others"' have shown 
an irhiitirtl of' progtsteroic setcltio t duting liltIntali phatse by subctlta
lcoins itnjettiotis of two IAIRI I agorists in thetniorkev (Alaaca lamwirlaris).
More ctently, AsIi aitnd colleagues, detotnstrated a lateols'ti" effct of, a 
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DAY' CF CYCLE RELATIVE TO LH PEAK 
Fig. 17-1. Daily LIl, FSli. c r-adiol. and progesterone levels in a wonian during
pretreatienit conrol (0 ---0) ad I- RH (0-0) treatment cYcles, On day 7 after
 
L11 peak, five 250-I.g (loses were injected stIXt1,nUncously every 4 hours.
 

single I M injection of [I)-rp'j-1,l-t Rl in the rhesus monkey (Macaca raulatta).
L,iteolysis was consistently induced when the analog was injected on days 3 
or 5 post0vul,,ti)n. However, no effect was observed when treatmen! was 
given on (lay 7 postovulat(j)n. 

LUTEOLYSIS INDUCED BY INTRANASAL 
ADMINISTRATION OF BUSLRELIN 

Since the potenit .1HRH agonist Buserelin [D-Ser(TBU)"-des-Gy-NI-I 2 'H
1 ]-

LHRH ethyiamide,4 is active by the intranasal route,49 we :hen studied the
effect of this LHRI ' agonist administered intranasally during two successive
menstrual cycles cit a single day between clays 4 and 9 after the 11 peak ;n
noriaal women, Figure 17-3 illustrates the typical pattern of serum LH and 
progesterone levels in one woman during six consecutive menstrual cycles: 
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two control pretreatment, two treatment, and two control posttreatment
c,,cles. When 500 tg of the analog was administered twice at )800 and 1700
hours on day 5 or 6 after the LH peak during the third and fourtl cycles,
respectively, the luteal phase was shortened by -1days. Since a serum sample
was taken before the second administration of' the LI-IRH analog, LH level
had almost returned to basal, whereas progesterone concco' ration reached
the highest level of the luteal phase. Thereafter, progestermie concentration 
declined rapidly during the next 4 days leading to premature menstruations.
In the two posttreatment :ycles, the length of the lutcal pha.t as wei; as the 
progesterone profile were similar to those ot)ser',cd during pretreatment 
vcles. 
'T'he effects of intranasal administration of' the II RtH analog on luteal

phdie length and serum progesterone concentration in six normal women 
are sunmmarized in Figure 17-4. When the 12 pretreatment, treatment, and 
posttreatment cycles were considered, the luteal phase was shortened from
13.6 + 0.3 to 10.9 _ 0t days after LH RIH analog treitment (P<0.(0 1); length
of the luteal phase was 12.8 ± 0.3 days in the postt rtatment cycles. Whien the
-surface areas under the serum progestel oe curves were calculated starting
from the day of 1IHRH analog treatment, the progesterone was reduced to
61.3 ± 9.2% of co,.trol and returned to 97.3 13.3 7"of control in the post
treatment cvcles. 

This £ r. t stud v with Buserelin clearly indicated that luteolysis can be in
duced after intranasal administration of two 500-vtg closes of the neuropep-

LI1 80 
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w 0()3,<F 60 z 
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T40
 

0 O 

It0 ! .. )
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DAYS AFTER LH PEAK 
Fig. 17-2. Relationship between dayv of LH-RH- treatment after Ltt peak, shortening
of luteal phase, and percentage of progesterone inhibition. Five 2 5 0 -i'tg (loses of
I.HRH were injected subcutaneously every 't hours during a single day. Inhitbition 
of progesterone was evaluated by calculating surface under progesterone curve 
starting on clay of ILHRH treatment. 
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DAY OF CYCLE RELATIVE TO LH PEAK 
Fig. 17-3. 1.11 and progesterone pirotiles In a wouman during six consecutive cycles.
On days 5 adho1111(hh tid an(ft 'Mi-1 mth 500 jig Buiser-elin was adiministered 
intrariasalk at )000 anid 1700, hours. 0n dla% of treatinctnt, hot miont- lev'els repor ted 
were those1 oh~cl~cl at thle litle hef'~ie tile' seconid adlinjnstratjon (d the LI-IRH 
ia.nafog. LIteal phase was shltelec 1)%,.1 dlyv' ilktile two ticatmuejlit le(Is.(,N! = 

Iitm ist lmat oiii) 

title doring a sinlgle dyitIliiteal phiase. No) side-effect was observed and 
appairent l. nomattl cycles occutrredl immediately after treatiment. 

SENSITIVITY OF GONADOTROPIN RESPONSE 
AND CORPUS LUTEUM FUNCTION TO SINGLE 
INTRANASAL ADMINISTRATION OF BUSERELIN 

Alt houtght the nimcliattisn of thle anti h~i lity action of ,I] RH and it,- agonisticanalogs remaius to be fri li....ti..isto , the (hwn-regtlation of gonadal re
ceptots and fuinctnins clearly deumonst ratedl in the animal S.

2 3 
,
2 

4 provides a 
ptrobabile ex plantatin !,o)I thie acti te Initeolytic effect observed in the hutman.
In fact, the antifertiliy eff-ects of the 1.1 P H peltidles observed in miale andfemale rats are parallel to their g nadoironin-releasing activity.5 Moreover, 
exogeno s LI-i a Ih(:( Iave aIso been showi; to be Ititeolytic in pregnant
sheep and pregnant and psendopregnant rabbits and iats.31I ' Such treat
mnents withl exogenious gotiadotropitis have b~een shown to lead to desensiti
zation of, ovar-ian andI testicilat- gonadot topin recep~tors an finto .. 211 

It has been obse rved ini bothI male and f'emale iats that the dlesenlsitizing
activit of LII Rl and its agonists depends not onlN on the miaximuial plasma
LI-I levels reached but also on theu ( ration of this elevation. ", Consequently,
it wit I' tant to Use a lose of the I]nRH analog which leads to a maximal 
rise of plitla gonadot roin levels and also has a long duration of action. 

http:li....ti
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Fig. 17-4. (A) .\veijcv Iuircali j)I~asv length1 -Wd (13) area kindIer progesteronie curves 
of 12 pretreatmnt, iieaicit, adl p stitiitfllt(1li odes. lii Ceda Ilsof Hi taneOu S 
LH- peak w as iAkeri as daiN 0, Piogecloiie vihues were (IlkuiI1tcIf ill each cycle 
starting fronm (LIN ot I.11 RI I alalog treatment. 

The pituItary L,11 an d PSIi responses to LII RlI I pepti(Ies are known to vary 
according to thle (Ii fcreiit stages of' the ntenstirual cycle."7 " Using at 5-kLg
subcutaneous dlose ;lBuserefin. an in teriediate response was f)nd at mid
luteal phase)'"Our vii u e x peri men ts in normal women wlih LH RH sug
gested a lbetter i iit c f(or lutcoIl'sis when the pept ide was administered 
between davs 6i and 9 after thle LI-I peak" InI order to op~tim ize the Induction 
of luiteolysis by itltranasal insuifflat ion of' Btiserelin, it appeared Important to 
study tile gomadot loJi n response and the corptis Iiteotim fuinction after single
increasing doses of [tie analog ;t(Iiniistcred at inioltiteal phase. 

Blood samples were obtained every other day relative to the time of' Bus
ereliti admuinist ratio Ol r olavs I to 10 and daily'Nor thle remainder of the cycle 
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in 2.1 tin)it (Xi ling i%%OlCti Who were tttudicd (It'liig ait least%Illt I . s ,ov )--s+,,i)<l(w t+'( l t t , i 	
bitt tend ' u) Y o p i inct , I 1le l. iJc t it, ;It)d o)I ic pos+t

trcintenllt ( l's. InIlltI st of the sithjr.s, the stitix x;%a, (otillncldl for twotore (Iles (oltlesjotditng to ii tettuti 

pos~ttetitut (%tIle. 


Sotlti l ]'(Ic.fo(low I;v ;tlltiel 
Sitglc (loses of 51), 100, 2001 500,1 10M(11)or 150) pgBtisereclju %c'.- instillflittew into tile nose It 1901 hotrs (ott a Single (Lt iangitgfIon di,, 6i to 12 ,htier the 1I peak. thiWe dtX ofI 1 I.RI I ttlog tte ittlitlit,)loo(d satiples iet t tiken at - I. -- -1, 0, . 2, 2. 6, 8, 1I1, II ,tad 21I hu0s,

in (rder U)taltijalc the at tlt- hotnonali respomscs.

Figure 17-5 illustrates the srut't I I r.epoilt 
 to i(ttrrisng (loss of Btsel'elil ,diltlilistet-Cd b' tlasitd sprty. At the 50- ;antd,11h1.ad'; it Siglnifi( ;, t CIC\;tioH oft 	 I()O)-pg (loses. thcr-e isMT HMtll1.11 (0)(c'lltl'atil;i t 301() illitcs, while 

ttmaximl II".els utiT iithd( at 2 hotirs aindit I tiJtS. resp ttivolv. With Ill-Stesing c(s)(of .I1IRII analog. the tecjis (otn-lts eatlit dl iti axillinnitis tttlira lit l I ho1oS..:\t th ()()()- atn(l I l00l-ig doses a ItM- to 1-foltd stittialtiort is obtainedldtcl ctiruu ll l lcclS trte still ati)o\ I ;il \alils al 11 

lh, cfflt of it tit(sittg (loses of ltisctlitt is hIteter il]ilttldt(l wiel sclrltnI.I! is cxo i (z5(,l ats ttts tltiit-ithe 21-hout rtespolse (Ul\t's (lFitttc 17-6).At; itlitoxict(.k\ 5()i1 matximatl
100l o--ithe'tlitivo(lu'tidhc and( a 
),,potts is tlt(l. ol)sct(tl i thte (lose of'
 

, nl, -m,,xillial stillinlatth) is ()blitlfi ed at 
the 2 1 )0)+ (l ose. li ljtttstt data i t it 

5)) pg of I cilterelitges i mter tlitx;il stiltliittiotlof . ot;t(lotto)in 


,ttn~ thati iuit ttntusal (lose of 20)) to 

se
l 	tcnil il woneti at the Itltliltttl )iatts.


Ihe htt(o\t( effect 
 of silleic (loses of BUstelin( is shownI in Ig te 17-7,",hih lltsttats the hm;llttonatl ptofiles ill a \ oll;ttl stt:ditl (lilting six (ol,('[tivi c ( ,,I It the first t,.o( tt tr l (%tIls tile it e plhase, lt, ( 1'5 anitl6 dayxa l'tte ite( I.I putk. ( )n (his iI)1 AtttI i tmter the IAI jutk i duringthe th'it(I ifl cs, 5(0)liltl (it g anttd 15))) g of Li IRI I itttialog wcre instulflited. l"ot itirs atfter treat'tnllnt, there VIts all itlportittlt stilit latioll ofsetli I.1 tlId 1S Ilvels, wtil'CIS. estt;t(liol and progest,,l-lc levCls were tlisoillt(cased. il)ulttg the following (lits, scruuntprogeste)-tte and estmoliol :ni(cltrtttiotl dCl(teitl-C l)t()g -essi\el ild l) tltilt ncltsttUt iou itl)l)-eared 13(lts ahlt er the -1I I eak. Il the )osttteittlnent contttol ( \cIcs (fotrth ttlal sixth
(rl(s), luteal phase letgth tettltt.(l to tuortittI (I) tlmil 16 da\s) and the 
ho)it (mtl ptlofile wts normat-ttl. 

Fite -I7m ((itttpittes the _l ofet11 itttreisit st )ifBt)ttelitt (it st-ntprogetelole leels it Iall ptl(ltt'ttitnlt, tt ttl+tllllfittnd p o) tttltetit cYcles.
I'p t( 210) -g. thlC is I) allpirent tchutlige 
 in setltn le\eIS , f the Steroid. AtIth )(i)0-tJg dloste, there is a tetidecv ftt dc( d ritl(i ,togesterote coeet lttili,)nl (ulltitg tile ttrtet (loses of'tnt At. dt 1)010 gtand 15)(0 pLg, rOgestetlotie l, sel'sil the trett \t les Ire ( IcauI\ ililbitc, . hlie ptgesterone
( liVeSAtlsoWsltow tite full Ieety \ ofi'the (0o)lts Illt.lit ftlltIJ()n ill o)ttreat tncllt ( \e(Ic't.nalila lv. llls t 'have keetn oIttiltel for eStttdi)l (Ltla tot showtn).

The )Cet(elt ithibitiot of r)gCttCl-ollc tlld estildiol cotncetntratiotts hasbeen tictsntte- by calcuiatig the ,ltcas itider tie (:uilv's itt itt(lividltl casesstatting Irott t tiI of1.I RIR-i tatilog treatiet t. .. s stowli itt Figute 17-9,inthibtitiont of the ofvelthe sex steroids is oIsetved ,at the s0)--pgof iwo (lose,a 	 maixintal inhibition being ol)ttinedttI1)1(10 p.g and 15(0 Lg of Buscrelin. 
(Text conhjnnt, on p. 194) 
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Fig. 17-5. Actte seri I. response to single intranasal insufflation of' increasing 
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DAY OF CYCLE AFTER LH PEAK 
Fig. 17-8. 1.lh(-t of siigk increasing intalasal (loses of' Buserelin oil progesterone 
levels. lPo4. t tcirvalurs are Inlearts ± .I:-.M. of individual levels in each group illltc 

pretreatment ('- .... J) realmnt (-), an( positnarrte (0 .--- ) cycles. Arro's 
indicate oil whid i (LIN5(oh wo-man was nreated. 

4-
Fig. 17-7. Siru 1r , 15 1, cstradi l, t illl 1 al progesterone levels a wolan lduring 
six .yt ,s.A Single (lost- of .5)I)ig and 10g was insuff;lted into thel(() Buserelin 
nose o das, 10 and 6tof the third arnd fifth cycle, res)ectively. On (lay of 
treatment, h( r itt' Il e s d s rort ed we Cr those oh rved alt 'I h s.0after 
administration o fthe I.11RIH analog. Liuteat phase was shortered h 2 days in the 
two treatretrr:les, (M -r mensrtratiorn) 

193 
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PG INTRANASAL BUSERELINFig. 17-9. Efdc t of siligle increasing intranaj;;
hength (o--c) doses of Bjuserelin on luteal phaseserumI progeWtcr-ne..
cxprcsedl )), aid estrad(iol (0 .-.. 0). Results areas the Ile -. S.L.M.f. o individuai valcs inwith l (0l1110 l)tl rtlcntmit ( (Its,. Jlit. Ferceit cha 

eaih gro-t1p as compared 
ge in l)pogester-one and estradiolwa,s ()l)tailled b. (ah .tiig tle ,.r lI' otlilollule (Illtstarting lilo cs ill individual casesi id v o1 1.I1RIi ,lalg adilinistiation. 

The observed Inhibtitiou of the (-lJl)us lulcun[he shortening of function correlates well withrh !ntc;l phase which is fountd at (loses of Buserelin higherthan 2(11 g.'Ie p~resent results chear.l indicate that the lteolytic effect of a single (loseof iit ransa Iltlsetmchi adriijstered dhuring tIidluteal phase is dose-rehttedatd is ptroportional to the amplitude and duirationsponse. Il subsequeti of the gonadotropin re
likely 

studies O:,n indulction of liuteolysis, optimal efficiency isto he obtained by using single or repeated administration of optimaldoses of tih. agonist. 

INTRANASAL BUSERELIN AS A POSTCOITALCONTRACEPTIVE APPROACH 
Because l)rogesterone secretion by the corpus luteum is essential for implantation and maintenance of early pregnancy and luteal phase insufficiency isassociated with itfertility, the lteolysis induced by intranasal LHRH analogtreatment appears as an 
prFoach in 

attractive and practical postcoital contraceptive apregularly ovhilating women. This approach is near-physiological, 
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since it is based oil tile regression of corpus Iuteu m fiunction, an event whi ichnormally occurs at the end of each normal menstrual cycle. Thi aiin of thetreateneit with Blusereliu is to control inla precise manner the time of decreaseof tle (orpts lit etlltl function and consecuri ve OCCUtretlte of"menses.Inordeir to use intranasal LI-RH analog as a postcoital contraceptive, theobvius in p Irtatit question to be answered is the effectiveness of the treatmen t at the time of possible onset of a pregnancy. Sine h((; is secreted veryeall after imlantation and stimulates corpus lteui function, it is mati(latorv to demn a defiitive luteolytic effect in the presence of risingistrate 
conicent ratioiis of h(:(;. Bergquist and colleagues' and (;as)er and colleagues" have areadv presented preliminary observations reporting that In
teolvsis inducedl b I-IRtIn agonist treatment is prevented by exogenous h(X;.these studie., Iixed and rclatively high (loses (1500 or'500() IU) of Ih((;were administered for 7 or 10 days. In f,ct, using such treatnment progester-One coceuitrtltiot found towas be 100( more elevated than dutring tilecontrol mycle..Moreover, levels of If(:(; reached were not reported; moreiPlportantlv, the effect of LI.-IR- agonist treatment in the piresenee of fi((C;
was not (ominllar'e to tile efTfct of h((; tre'atlnnt alone.

laslJel Mild associates also reported that subctitaneous administration of'high (loses f an I.1RI agonist ()ii two successive (lays was ifieft.ctive iniulluiiglhttolysis when treattlit was started oil (day 37 to 5-1 after the
expe(led ;av of llllstrlltion illiregniant women. 
Ini thre'e womllcl lle levelswf'Ii(:(; were abve 2000) ill U/nil; in only one woman, 5(0 MRIg of 1.11 I aalogICcaditnitlistci c (l da's -13 and I of the cycle, correslonding to a 2-day

lulinI hel C dctection 
 if it0U; ill tie circulation..\sch iiald ,ites' relporte d that admninistration of' increasing atnounts
Ii( ( fromll ays 6 to 
 10 after ovulation pr'evented liteolvsis induced by IIIRI 

of'
Iagonlist treattmtenit in lhe nonkev. In this study, the ana log was admiinistered Ieithti As ai sIingle lose on dlay 5 (ii (laily concomitantly to h( ; treatment.


When adtiifnistlatior 
 of the iieliopeptide was repeated fiot,(lay.\slo6 10,,tuite l.1 (.,l,llisc was not reported. lowever, there is Ito appareiti iHineiaseor decri'e-ase itn se111111 1II when imeasured daily. As mentioe(l i'evioisl v,
decteased pituilarv responsiveness 
 has been observed after recetitive dosesof' I.I RI I ago(cists. ".'n-+h((; ontrol cycles were not performtel in tile sauteatinIals, hut litCal phaSe length was reported to tie longer itt another study
with an identical h( (;treatment. 2 It is also clear that 
 levels offprogesteroneon day .tiI-, r coltbined hG(;-LHRH analog treatneiit are IMutch lower thanthose observed in the hI((; cycle reported in the other stu(Iy..2 
Theie was three- to sixfoli increase ia estradiol and pciggsterone levels inresponse_ to the It((; regimen used. Such an important increase iHl corpusluteini function is probably not observed at tile very beginning of' a preg-Ilancv ill the miionkey. Moreover, in patients followed fr+om the time of ovulationl and conception, basal FSI levels f".l1 very rapidly and there is nearlyCiMiplete btlunting of' tile L.I-FSI-I response to LII RI-I at a time when estralioland progesterone levels are still at levels seen Curiing tile luteal phase.2 : Inspite of the important h(:x; stimulation of' the corpus lutetin , it is possiblethat a Ihteolytic eftect could have been observed if hi((; control cycles hadbeei included in the stuidy and that other schedules of' LIAIRi-i antalog aduhiti

istitatiott Ittay be e.ffective. 
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III of pdcl to vafidlte thie potenltial Ilse of' inttaiiisal IJ IRfI analog tf eatllletit 
lot- posit41I ltlt imeptlon IIItile hutacarefull Ind detailed studlies should(w 
lIe lptfotlidiftt the vet-v onfset of' pregnaincY. Optimal increashiug am11ounts 
ofIf("( (od h order to) tlilfiik thie hC((; rise and corpus011le ad IIllIst.eld Ii 

luftenlin 11111(tioru iisllall4 
 ob)'erved lat te beginning of' ptegnancNv. It. has b~een
0iuoim im halol i h I mith weeck after the last expected menstrual p~eriod1,
I (( lexc a-u1i~tiall, low%10 inUl/nl."" Thuis, it will bieI!(- v ImpJortant to 
..tiilv the rIlic I (i1 dIedleof ad llnistratjIon of an optimal (lose of the analog
at it feueIt(I Ic'. cks of lu(( ' lhoigu ourl pt-evioils stud~ies have shown the 
()ptlIbil dfoses of lioserelimi ftiiired to Indluce lniteolvsis when tile peptide isa(lIIII...ttldIm tuausal spilay at inidinteal phlase, the( efficilency of' such treat
mneitl reimins to be assessed at other stages of&the menstrual cycle. Mioreover,
Inl po.sle. s~lcdleis of treattment uising repeated administration of' IJIRH 
anlalog, the :1(lute pitIlitarv ando cor-pus hteum esponses should be noted. 
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The Contraceptive Use of Buserelin,
 
A Potent LHRH Agonist: Clinical
 
and Hormonal Findings
 

MANFRED SClIMIDT-GOLLWITZER 

WOLFGANG HARDT 

KARIN SCllMIDT-GOLLWITZER 

MARIANNE VON DER OHE 

Analogs of LII RII with widely differing h;ological activity have been prepared by deleting or sutbstituting certain amino acids of the decapeptide. The
influence of one of tile most potent LIIRI-I agonists, [D-Ser(TBU)i]-LHRI-I
(I-9)-nonlapeptide eth;,lami(de (Buser,.;'.i, floe 766), on pituitary and gonadalfuncionhcll sl~t., in itensively in 6(i:function has been stdied iesI I .ferent species."3 This Lh-RH ag(mist has been estimated to exceed the effectiveness of LI- RI- in normally
cvc i- woitreit 1)%A factor of -10. " Although the LIttRH analog provides a newilerapeutic approach for treatment of infertility, only limited success has
beenl reported in imaits. " ,nit - Chroltic administration pr.duces an initial
stilmlat a l st11Iseu(L len t su ppression Of gonadal function." This "para
doxical" attifertilitv effecr of I ItRI I agonists is now well documented in both

" 


that these oligopeptides can 

fenmale and male experitnental aniinrals. Moreover, recent studies indicate 

also lead to inhibition of reproductive function
in hiumans. 2.1i".1t ,As a result, new approaches to fertility control based on
1.11R.1I agonists are critrentlv under investigation.

Chronic treateinetr by imt-anasal administration of Buserelin inhibited ovul
lation in all bit rwo of 89 treattnent cycles in woten.2-' Aineiorrhea coin
bined with iluced estroger) secretio in was often noted. Endornetrial biopsies
in a very Iirited nmner of cases showed tild proliferation in menstruating
women and inactive endometriu m in anenorrteal women. Our results from
continuots trealterit with daily (loses of -t00itg Buserelin (156 treatment
months) were quite dif ferent. "Themorphologic alterations of the endorne
triu1 indicated that Utnopposed estrogen stimulation of target organs may be
the rtraini problent of long-term contraception with the close schedule used." 5 

Fxteltsive investigations withlI- -RHagonists are necessary for a)praisal ofthis new approach to fertility control. lere we report our findings on chronic 

The atthots ha nk Iloe ist .\(;, Frankfrti, F.R.(;., who generously supplied Buseielin, andto tie nursing staff[ of the outpatient ,linic of tre Urtiversitictsfrauenklinik Charlottenburg for
their assistame in the care ol outr volunteers. 
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!iltrriasid adinjinst xjoip of diffcret (loses of Buserelin inl70 women over 
a total )f I I I tiicallilelolOtlths. 

SUBJECTS AND METHODS 

St' til%iCl1,al . ollllltccrls, aged !7 to '12, were selected for study, The womenhad milaitioi pO\( 1i fv b 1isIhdsc bsal botv tclpci'rature; sI'tin pr-gester,nic.tctsw, r, nfl ,ial iI tile control cycle. No volunteter had used oral((fill( c-it(c, Ir ,tileast IhII-c illonlis prlor to the study. 'len of'the womelllllil Ithistory of f)llgo ()tnetoihea oI eptisodes of anliellorrifi.,
flail iit IttitilstratInnasal io of Biisel'lit wais !vtttl on the first dayof I)i(*l t'r u1h'v(':iig following tli (oil.tt-ol Ictatid was ottitiiled iior'iiall{,for hI tinioiiIs. ()i( cth das. 28 wonmen ( i- ul) I) wvc gi ell 'tllffig BitsetelinI All 28 xolilttclrs ((;roup 11) were treatd with 200 [cg Buscrelin.(Ses . -%woiloituc'ived 200 tg once M 21d(ail il Vw:tiili. 100 VLg twiCe a 

(L,\.) F'oitttc i o,(l r'ci'ed 1(0)p] 
S tf((;rout> III) fig of lit I.IlRII agonist.Bn'i(itc lut'lliinsoIb(a ilk ,iiliiit i't'Silts had inrdic(ild insufiftit, pi inhibition of ovulationti'atio(0 of IO f-g B:isei'clin, ;allwonlii of( the latter grop

tJ',c'f
alu adl itiolm l flicalns ofI(< tla.ct~tion (il-t I-tlt(l e Copl. dc'i~c).
flh aslpliCItiuti of Blisicjtiu Was u'iitouiel b) 'Iinica;il cvxiImlin.tltiolls aind 

ifihc'Itilt lood .irllhe,, (t'to tothlcec . tities A W5''k, tt lest 6i hours after'itfi nialasalii,,lp appliitioui) !0r (fetetiii ,,11tiu) olf Io, ,I.I., cstradiol, aidp)rogcSttcr'oii • ]b\ it( litflloitass;tv IiI ectciIn 'it ases, l11ood sitiphes were1a1kti aftti ('t'S5,, il()fto ffl titneil OitiI thi' l(cxt iit'iisfutial ltriod and the1iiiitioirlo d fIltIII)itcs tssivyd. Edotnctri'l biopsics
f, IImcd o>ll %oltl u (IIIIhtn (11f1 .- (= 109) wc'
,-S perevnt periods oi( meic<',ctioll.The florph,>
hf).i( 1finui:1igs of Ilit cidoivitirhi INwere based (tit

+ 28-day cycle according to'
 'N ('
, aiid! (oll ti.ics All 'olhintert!, had gitII writtel illforllnied (olnsentltIitu(. (lnia tr'i;d1.al. 

RESULTS 

I Iu I ifofI II tnitcn niotlths with different (loses of' Busielinr(It'Ft(C I. (o)iv tlit ,-6 \orile of Group I 0,0(}( 
were 

flg) anih 11 (200 rg)didinotisc illtditil<ii! tOttIiptive inetod, Tiis, only 337ti'cattnei iontlis(all he cisitIe'cd in teiills of ciitraceptive celet'tiveness. ()le pr'egnancy 
, 


i Ibis0 (l filed. \oluitittcei' t'tlitced daily( doseot from I100200 fLg to fig
Biisr'lill ()Ii hr'own itittiatise.

)\u1i1o]ujo ((u'te appiroxiimtcl'y one we('k Awle' r'(luction ofIledicatiOl.Pit'cgliail( \ Wits (oliiitned I)\detection of hf(,(;. l'his wotliati had atmiscart
liig. 7 %%(,-ksslposcoticptioui (Fig. I18-I). 

INHIBITION OF OVULATION 

'table 18-1 stows the (list ribution of' sertim pr'ogesterone concentrations during tile CIci .stof treatciii with dif'f'ei'ent (lose regitiens of' Buserelin. In291 of .111 tircatment months, pirogesterone levels were consistently below 

'Kindly Nu pplicdt h',Ifovdhi.i AtG, FiH kftirF.R.(;. 
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TABLE 16-1. Distribution of Serum Pogesterone Leveis of 70 Volunteers During the Course of 
Treatment with Buserelin. 

DOSE REGIMEN PROGESTERONE (ng/ml)
HOE 766 (pg) -. 1 1-3 >3 MNTHS OF 
(N) (%) (%) (/6) TREATMENT 
400 136 16 4 156 
(28) (87) (10.2) (2.8) 

200 
 32 10 7 49" 
(7) (65) (20) (15) 

100100 89 23 20 132" 
(21) (67) (17) (16) 

100 34 17 23 74t
 
(14) (46) (23) (31) 

Total 291 66 54 411 
(71) (16) (13) 

Prog.>6 (rig/ml): *5 (2.7 %); t9 (12%) 

201
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Fig. 18-2. Serum values of estradiol and progesterone in a volunteer (H.S.) during 
and after course of treatment with 100 Rg Buserelin. Arrows indicate day of 
endometrial biopsy. 
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Fig. 18-3. Seruni values of estradiol d( progesterone in a volunteer (F.K.) during 
courlSe oftirl'tzrtleit \vith I00 p±g Buserelin. 

I ug/tul; aniovulationi can be assumed. Incidence of anovulation was clearly
dose-rekated and (decreasedl from 87% (400 pg) to 66% (200 p.g) and ,t6%
(10(1 pg Buserelin). Progesterone secretion did not exceed 3 ng/ml during 66 
treatment cycles; sucoh findings indicate impaired corpus luteum function or
hitein iz,,tion only. In th~e remaining 54 treatment months progesterone levels 
(>3 zig/mI) prob)ably reflected minor suppr'ession of corpus luteuni 5teroido
genesis. In spite o)fthese subnormal progesterone values, no pregnancy oc
cuired (Iltring 31 months of treatment in women using no further 
co)ntraCeptive method besides Buserelin (400 or 200 i'g).

In w( neti treated with 100 vtg Buserelin and using an additional intra
uterine dev'ice, bo(th Stlbiomll~l and normal progesterone \'altes and liite'al 
phases of m1ore i ha.lli were (Figs. 18-2, 18-3).l0 days ob~served Undistur'bed 
corptis liiietii activity canl b)eassuimed1 in these cases. 

Iii su inmary, anov\u lat ion and severe corpus luteuinl insu fficielncy were 
found in .-,.,/, 84t.5% , and 69.0% of the recorded treatment months in the
decreasing (lose groups (4t00, 200, and 100 gg Buserelin). The antifertility
effect in women tising 200 p.g Buserelin once daily or 100 I~g twice daily was
equal (Table 18-1). 
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TABLE 18-2. 	 Distribution of Bleeding Pattern of 70 Volunteers During the Course of Treatment 
with Buserelin. 

DOSE REGIMEN
 
HOE 766 


BLEEDING
(Rg) N None Irregular Regular
400 28(4)' 7 14 7200 7(2)" 3 100,100 
 421(4)' 8 3 10100 14 1 4 9 
Total 70 19 21 30 

(27%) (30%) (43%) 
Pre-existing cyclic disturbance (amenorrhea) 

BLEEDING PATTERNS
 

Regar(iless (i 
 tile dose regi mie, 19 women developed amenworhea with theollset (f tncdli.tai (lahlc 18-2. Figs. 18-4, 18-5). It is interesting to notethat elIt of) lIese 'olloltet's had at p;lrtrealinllt histor-' of, cvclic distlurbace.Vhereteas tIle incident(, of ;ltcnIo)rrheCa was equal it] till higher dose regimens(1)) ml 2010 ig Buscreliti). at'lloIhcaI II100 vg). occurred sigiic:aitliv less ill Group 
"'.,hbt.18-2 Ilii 'mtcs ilh(" distributionl id repu]iar (inte'rvals of 3 to 6 wveeks) 

atii IIcgtlmlar l(itcr\,ls )vcr i weeks) hhleding pattrtls (1111ing the corise ofl tlillt'lll 	wiit lidi firclt 	(los.s of Buserelini. 0f tile 28 	wolcn treate(i with6,il.l 4LBilseCrlii. I.I had irrcgllll bleeding intervials or deve.loped amen,rrhri (Iiritg tht' 5t',l<s(ld half ,)f tht' obst'ttrin per of(i 6 iontlis (8 ofI-I \llhI lte'i's). as \i ill F'ighl( 18-I-. Ilih., o(c(lrlrenlcc of irregula- bleedingil(c\,k k : sigIIi it h11W' tless fir(Ituju with tl low'tr doseli' r1eLgimens ((;IoupsII aid I111). Reglulai I)t.ling itt v wV. <,tnitid becals 	 to (lose-related more 
1)11(11l Ill these1h e lolt;ll (dlIS]il(g lla Ill ligites 18-2, 18-3, aidlitibr ;i)~s l()%\il .11d regl.r hhedig 18-7.(\'Nuits was similar ill 
(;I i ill I )(100l.g B lsetelin. 79 bit'(liigs (luring 151 tt'alile tit niotlhs) and(;r(hp II (200 gg, 90 iht'ccings dlring I1] Irlllll llI llolllhis). i'hi highesti dich'll(c 	 f bleeding was I 'gistted ill (;roip III (1001( tig. 5.1 I)lic(ligs 
dilling 71tir'R..dintI..mI(It dr,.IlhIS). (:ohIrlt ing )h('dieIltg C\t'trit.1 revea('led that c~str<,gcnHhdlpcndhiit bleed~ing (hro.-Adhroughot vi t lr v , I4<+'<+'(litg) %vas (i1 il1.. (*()Illll) ill (;rot 

ts with till' 	 prelii ng 

I 1 (.t10( jig, 59 of*" 79 

Fig.. 18-4..",t' tInn ;iit'c of g mad(, o pills, estr;,diol, ;anId prlogeterolle ill aI\ohl IIL RS.)du111ing and 'If ter (oulsc of I - llcill%%with tO0 pLg llsc'rclilltwice 
(,Iil%.. t oo S, Jrlmdi( ;tc da\ of 'ildol itltiai biopsy. 

Fig. 18-5. Srtiim \Alm-.,. oI goimalottopirls, trsltadiol. an1d plogt'sterotie in a,vo\liiit('cr (I 	 (".I d (IISt',otiili t; li'al icit with ,Il0) [Jg BIile'lin. Blood samplcs

(-It' obtalii 
 fd tfii\ lion) 	week 20 to 2.1. 
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Because of the higher incidence of residunal Cyclic progesterone activity,
bleeding in Group 11 (200 Lg) and Group 111 (100 o-g) was mainly induced 
by progesterone withdrawal (60 of 90 bleedimg events and 40 of 54, respec
tively). Examples are illustrated in Figures !8-2, 18-3, and 18-7. Comparison
of the two different dose regimens (000and 200 itg) in the same volunteer 
showed the dose-dependent inhibition of' progesterone ;evretion (Fig. 18-8). 

HORMONAL PAIrERNS 

Basal secretion of both gonadotropitis remained nearly unaltered during the
whole treatment course at all (lose levels (Figs. 18-4, 18-5, I1-6, 18-8, 18-10,
18-11, and 18- 12). Tpical [I I peaks fiOllowing an estradiol smge could not 
be detected, but could not be definitely excluded on account of sampling 
intervals (2 to 4 days).

intranasal administration of Buserelin evokes atpronounced release of LI.-,
FSH, and, subsequently, estradiol during the first day of treatment. This is 
illustrated in Figure 18-9. 

The stimulatorv effect of' Buserelin on gonadotropin secretion clearly de
creased as treatment progressed. ()ne volunter developed amenorrhea dur
ing the course of trl-at merit. However, women with menses-like bleeding
during treatment showed otl in in<onstant reduction of the pituitary activity
in terms of 1.11 and FSI I relci'sc (It-ing the progress of treatment (data no't 
shown). 

Estradiol seetion showed a teidellc to lower values its treatileit pro
gressed, especially in group I tIreated with .100 vxg Buserclin., 7 Generally, 
lienstruiatilig wolleli showed higher seruln estradiol coiceitratiotns and 
greater cyclit ariotion of the estridiol piltherl nhillothers. Iln contrast to 
these general findings, individual estradll profiles verev (iite (lifferetl. Only
in worieni with preexisting etidocritie disturbances (n-= 1)) cohuld the olccur'
reice of low adil stable estradfiol ,alis cotmlined with allienorrlca Ibe pre
dicted, its slio) nb wax if examnple in Figures 18-4 and 18-5. Itiall other 
instaices, progi essloli ur ttilibitioni of the folliculrr maturation lrocess, li
dicatcd by tile estridliol secretion. could no[l Ine pre(li tld. 

In (I oup I (40)) ig I8 wolllel showed marked fluctuations Of tihe estradiol 
values, at timies ietiching preovulito y levels (Fig. 18-It0). I owever, in tie 
second half of the treiilelit p)eriod a tid'll(elcV to lower SeruI1 uticelltratiolS 
of estradill be(tlllC Appalenl (Fig. 18-ti). In four wotUIei, il the otlher hand,

estradiol set retioln was iot siil)ptesed( ,and narked ftlctualiotn could be olh
served unitil the end of treartment.
 

It is interesting to flote thil prologed estradiol secretion caiused 
 marked 
proliferatioti of the eldetll riil illid was ofitil not interrupted by with
drawal bleeding (Fig. 18-11). At tie hlwer dses (200 and 100 g), periods
of prolonged an(d elevated estradlil secret iont were ihifrequent because of the 
higher incidence ofpirogesterlle atlnd el'ei stradiiol withdrawal bleedings
(Figs. 18-2, 18-3, 18-7, and 18-8). This is confirnied by ile histologic findings.
However, evetn in these (lose regitnens cyclic estta(i(l viariations were fol
lowed by periods of imiipaired follicular maturation. l)espite unaltered ied
icatiori, restitution of cyclic v'ariation of estradiol productioi took place. This 
is illustrated in Figure 18-12. 
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ENDOMETRIAI. BIOPSJES 

I)uriu hlf feit.i ~tliiO h of tJldlnietiL, I1)9 ei(hOiet'ial li)SiCsie were per
ft)i'itd on1 6(1 luiiitlll. In ii 101
sl t (J~i')eat.(I hlistol(gi( .spe,(initis. weret 
())tiine;l. Results for the. ifelt'n (hO. e tgittieUi. aire gi\ven in 'LtI)lC. 18-3.
 

,!orptoioighn4 finulitig.s ti'lgte fiotin inii\'tt, ti'lh)in iilni 
 to) nirkcd if
liferinioun .is wll ,s Se'ltetoiV tl;irsiatonl l. 'Ih- nit()ijhohogi( alterations 
(Olld lIt" Ie,tdhil\' (;O)i lttiit' ih lte hiInitiicti 1)i' ties,. attil l)icchitig jliterv'als,ai .shiown in 18-', 18-., 18-l, 18-7, isigures I8-1 I.18-8, 1-----, l 

Reeted eintonic oil h)iopsies ill wottleti wit il )itlhiige,d ilticiTioieat 
showedul a tgirssion of et,i(l(tLit(riil i)olliferatii ('l'abck I(-.t) foi the 20(10 g 
(losc reginen and for inhi\ilil eases in Figut..e 1 -,I anl 18-13. 

(Text coninues On p. 212) 
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TABLE 18-3. Morphologic Findings of the Endometrium of 60 Volunteers During the Course of 
Treatment with Buserelin. 

DOSE REGIMEN 
HOE 766 PROLIFERATION(Rg) Inactive Mild Moderate Marked Secretion N 
400 4 4 9 12 2 31200 3 4 2 1 0 10100,100 12 14 13 5 7 51100 1 5 2 6 3 17
Total 20 .27 26 24 12 109 

(18.50) 77 (70.5%) (11%) 
Regular bleeding: intervals it 3 to 6 weeks; irregular bleeding: more than 6 weeks. 

Fili UC'orNi I- 'ailstfiliItit Of tic cidolictii!11i( wVas Ililtid ill (;rotp Ill
oi ill110I llisciClii, Fig. 18-2). (;romps, I mtii 11 ShOwC( 'ailv iiisfor-Illation with a shIroitcIltd hitcal phiast m itl.;Iitficiciit I iarlsforltiatior similarto IIc ilOli)I(ih,,gi( fimhdiig ill ,lc.s f miltcitilh woicii with (0[J)tis lutetini 
insut tifjcI, (Figs. 18-7, 18-8).

'lICIt(i(id.n, of kiaikcil ,ifttil was higlicst ill (;rupI1 (.100 ig)tII(I ( )Lt(bc i(i(Iil\I, mitcIl. I() tilt, p()i(fiigcd pe)t aitovulaioi(Af withilistip i ccd loI Slightly slippircsscd esladiMIi 
. Hic-' fitlings %Weic signifii 

st.' t lioll (Figs. 18-10, 18-11).
t, Iss (Oinlnoit ill thc hwcr-dose regimen

giolijis (Iai 1 -51 

SIDE-EFI:(FECTS 

liii i1isal Witiliitrstatitwell tolcraItcdwas IV tilt v)Iiiit-cls. Duhring thefirst weeks (d Ii It'aitilc ll V it fw woil]it 1 ((iiitlliiliud (olhcail nasal irritationaild shmll-lic(I h-,i dichls. pialilllyy ill th, grollp treated with ,00 I.Lgtlilueit.i Illit,(, of lic iilli'iiihe;ll wo 1iiiiueiving -100 vtg developed,N'illiptilll ()'ii ilic4 j! (-',lI I dlt'11t 

DISCUSSION 

Tlit pssibilith (f isiig p)tit l liid ig-aiing I.R1 agonists such its Busilt(dill via ( l llii( iltiri lasill ailp 
 lililiioilHi l . f('rilit IN olil ol ill W llit ilhas 

TABLE 18-4. Morphologic Findings of the Endometrium of 11 Volunteers In . 26) during theCourse of Treatment with 200 Ig Buserelin. Clinical Finding of Amenorrhea. 

MONTHS OF TREATMENTPROLIFERATION 1-2 3-4 5-6 N 
Marked 1 
Moderate 

- 13 2 2Mild 72 4 - 6Inactive 1 4 7 12 
Total 7 10 9 26 
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Fig. 18-13. Serurri valies of estradiol and progesterone in a volunteer (C.M.) 
during ((ultse of treanuent with 200 I.LgBuserelin. Arrows indicate day of 
endoiiit-ti ial Ii(psy. 

now beern 	well docutneited by Nillius andI others and also by ou group, 
and mray oflr advaritages compared to other hor-nional conitraceptive-meth
odts.".. , k,,T1)establish the contraceptive feasibilities of this compound, we 
excendcd our recently pulblished study and investigated different dose regi-
Incus ;s lii I arc repoited inl this chapter. 

lhe iiainl ditli( 1ilty is finding tile threshold (lose that has a high antifertility 
efct iver Iess 1on bin cd with low undesirablle effccls on la rget organs such as 
breast ;tmr(l cridonicti ium. It is well known that unoppo)scd estrogen stinMu
latioii may play a t(0carciriogcriic role illtile development of endonlietrial 

' ': is 
vance can b- isci Ii, s a sa e arid effective c(otraccptivc. 

(Corucr.11y tiet( aititfeilIv effect of Buscrelil, daily (loses of .100 ig led 
to a stflti icr'ut iribiItioll of replroductive function iniwonicri, mainly as a result 

Gtl(arict .I xt elsixc inwVestigation nleeded before this phrllnacologic ad-

TABLE 18-5. 	 Bieeding Intervals of Volunteers (n=24) with Markea Proliferation of Endometrium 
during the Course of Treatment with Buserelin. 

DOSE REGIMEN 	 DAYS M -t SD 
HOE 766 (range) 
(ig) N Last Next No 
400 12 	 33 ± 26 8.5--7.5 4

(8-84) (2-21)
 

200 6 	 20.5 ± 4.8 13.3 ±3.6 1. 
(16-25) (2-.44) 

6 	 22.5_±5 10.5_-3 2
(11-35) (9-19) 

*Regression of endometrium without bleeding confirmed by endometrial biopsies 

100 
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of inhibition of ovulation .1 However, inhibition of fbllicula r maturation, implied by consistently low estradiol secretion, could not be observed in allvolunteers. Marked fIlctuations of estradiol secretion with values corresponding to those of the pre)Ovulator phase of' fertile women are more common.As shown by the hormional pattern and endometrial biopsies, periodsevenof' prolonged unopposed estrogen stim ulation of endometrium, as well as
phases of* estrogen deficienc. , can occur.

A more regular bleeding pattern nay minimize the risk of u iopposedestrogens on the eldonletriutrn. The use of lower dose levels (as shown in thisstudy) leads mole often to regular bleeding intervals. 'I hese bleedings aremainly caused by progesterone withdrawal. However, the critical thresholddose seems to be between '00 and 100 iig Buserelin. The dose level of 100pLg is not sufficient to inhibit (in some cases) no;maril ftllicular maturation,
ovulation, and subse(uently normal (:orpls luteum function.()i tile other hand, at a daily dose of' 20J0 4g Busertlin, even when ovulation occurs and (hvelopment of' cl i pusI uem isinduced, contitluous treatnlent with the LiHRH agonist may cause luteolysi.; and subsequently impairimplantation of a fertilited egg. P!ecentylv tile antiovtlatory and luteolyticeffet of interiittent treatment with 1H RII agonists have also been reporiedf'ormon keys as well as huimans.,' Ilowever, the influence on follicular i .a..ration may also play an iri portani t role, which remains to be assessed.It is known that corp us InteUM insufficiency of infertile women is besttre- ted by early stiimtulation o Iolictular maturation witL huanl postelleiropa usa .gonadotropizis rcluni pileie.17 yet onr data provide evi(ence thail inwIone i devceloping amenorrhea, a S ftLcient basal cstradiol secretion is maintaiied but stimulati o of the endometrium is only slight. Furthermore,w%,olner with ptolonged cyclessereti w the Lit bleeding showed a decrease ofestradiol1 c()it d with reg ession of'endonet rial prliferat ion. These indings r(ldicate that a prolonged rise of IHRH agonist fo contraception may 

lbe possibfle. However, the fe'lar of unsuspected pregnancy in tionbleeding
oilMenInIMust be conlsidere(l.
Ill sullllnary, our data indicate that 200 p-g Buserelincon Irace prti e e ffecti veriess are sufficient forof' this COill)ouind(. 1However, thle unpredictable
behavio of'c foliclar maetueratine and thus estradiol secretion 
seems to be themait problem for appraisal of this new app oa,-i to ertility control. We are 

far faoni a "safe and efc'cti'e" new contrace ptive that Call be used foi easyr'outine iapplicationl by the genleral populaticii. Extensive investigations arerreccss,,v. )ne suggested foode of' adininistration may be the combination ofIA RH ag inists with ifrteirr1 itteit use of gestagens; another promising way
tilax' be the p(stovulatoiN ittiuctiori of hrteol,,sis.7 
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The Iliecliatisi that cotitrtols foid (i evelao ehVl)tlent,ovtulation,(Ctlmftrati;tItI a;tl( 
corpus It.itol , :is iNW0itCFISisforuratioll 1ot (otpleteiy ljnder-stood. Th(oif a (orptir Ilutirt is a sequel to oviiation, whichli f) spo)ttltllos cyvi" 

is initiated barid by I.11 or a surrogate, h((;, irlcycles inducediiv exogcttlorp gOLIoadotr,(p)iIs, (IliI phelre, or epillestro.:"I.tVardh: \WtIe ani (o-woitkrs1 )avc sho(tn that *1()I'IIHtl
ftllli c(lptls llteull]is(h.J
ic idci til)(Ii(o(iliticttd s5it ilutioll )1 I.i. Progcst-e-wn(rth10 seb, the orjoI.Isllrte, tiu of the clycles II tilre rhests tfionkey and inW0 ( i balieSiitIrlaltd andt rl,htoi.gedhv ;
:, prlt cd h\ 

t(;itist al loll of, rC((.'." If(:(;tie t ill of timpl; tatiott h itie+( F,'eIofiingh( tropjhobla.st, and
it ('11 b. dete"td IItFie.il)'te al (irctliont ;isarly as 8 (lays fhlowing"latiou. ovth(.(; is itttj i~hvsiologic(all '; it iitntains stcroidosg eil yt;,,t
(OrPmtis ItIt'tI I)b it, ittotlojphi ( effect. 

sis in die 
ti-Oc(, [fie (l ,-tisllteti i is t'esc tielIv tw. imI teasig t toits of i(,(; , odlicd Iw,th Ic ophiblast, it becoImesnIro<-C re'sistant to the elfe.(I of titt.il'tic agents. SN.thetic pi-opelties call Sliprcs
~sprogeswM ICtprodtti( b tIreyliiti rlis _itelrt,but its effect is readily 

SN tltliIn t'Alogcll s lte atis hlir tiytic. (; t Iedi-thli.NLtrllrb id otl.JShave ITe(lrtl Itstrtl (1)l'.S),initiaited viiiI'c(Itill l ll1 ii)tire Ititeal phase, (atsedpr)ll' ,ol-lllc productl('ion Ill Wo II C 
a iri kedl ll,' clnorpus thll]C~l ill.siiffi

iit l l, ls spj Iitaiteolrsl illVolit'll, ,ii( it isUtit t :is ;1IN\ IatsOci,ited( vith:1it d terlifit 'N. ijll tletiialtttsltitcutin ftim(lii vai-N f the inridc eifrom .5 th 2()'/,,' of iilade [til(tc corpuis, depen,jding ill pa;rt upon [fiet_
criteria
 
Usud flit (liaiosi salitd ili 
 part , tiwI, opllation of patients titiider cotlsilt t illt. Atmong 

upon 
wolmtient who ovulate spona otrsll'
liut seek trteatinent foiihluCtIItI o'r r(i.ltecd lativ abortios, itradeqtuate torilus lrteoili flction isiess ('(it1tttJ111 11ti lt o niei with ;io(ivial;Ijo who il . ti c(oiiceive o1" 

I 'hIIis I t1 rt hi%N)k%;Ns a Aii)-IPA\RFR (r;m1 (201tB1)w, li nd It.Maia, .it. IRIIwas kin kth. Is,pli d bN IIt S. s tw aui. %ls 1111(1 l'itioiot Nti% York. 
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sustain )regnancv following any induced ovulations.* lhese ol)servations in
dicate that pr(opeCr follicular maturation is a prerequisite for nomal corpus
luteuI(IcievelIlpient. 

Follicular development in women lepelds on proper IIIFS!I secretion
ratio. Rising levels 'if FSII begiining late in the luteal phase provide the
golia(ottopic and steroid suppr(t required fot tile growth it the preantral
follicle, one of which will ovulate iii the succeeding ('vle. Disturbance ill the
secretion of ,FSII and 1.11 carlv in tile cycle af.fects the groml of the follicle.
t'esultinig in either atiovitlation or ill tIc development o an iustffficiitlv
fitnctiorinig cot')ps liiteitn. A..prolongc d follictlar ripening with low seruill
estradiol and aIFInodest increase o estraliol in the h)Irlrttor'v Iatse resuhs
in the development of ain iris -liicient 'or.pus iteuin.1LELstjtadiol l)rc()vIlato)ry
rise and fall is a pICrctiisitc for the oviilatorv surge of 1.l I at anidc'cle ill
l111n11,1S.1 '' ()I thle othet halnd, 1.1! induces ovuitlaiio otnl, if f<ollicuiar de
vclopntilit is (ollphetcd, as signale(l by the high levds of tsiadiol. Biowhettical studies ill allinal sp(cies have . shown that tie 1nt)iel of lIII receptors
inlrl s.e it) the l',llicle (lring i.' dC(,l l)i elit.2 

Rcceulv. with the synthesis of, tle hivpothalamic hortlllme (1.11RII) that
releases blth I.II and [SI+ ,Ifron the pituitary gland, it heatinc possible to 
investigatle the leh of I.II and F:S!;I on fbllicular (vClopImlent and ('orpts
litenn ftwtjuoi{n ill women. lhe piesent chaliter descri)(s tile effect of'
1,fRItI ()i uVtiaiion ili iol'liial lieist'nlatlilg wotielil as well as iti some Ia
ticnts with all tlaion l atl sle'rilitv. All I)aliclts enrolled flor these studi(eslprm idcd w,,'itt<il infllrned( co)nse.nt. 

I.IizI was used in the initial trials lto ii(hc oviulation inl patients with 
I~olyc~Ysti Jv~-ariahl disease." Initial studies ha\ sliovti repeate(lt hat ldIminist ration of 1.11MRII alone was t101sutccessf u in illhtidcig follicilai" develop
tcn and (,villatiol )atients withiln Secon(dary alenlorrlhea. This lfailure was 
in part C\l)lailc(f b) thilabnormal 1.1 1/FSI I tation in reshiotsi to II RI I. Sinceanl ecess of III early in f'olliculatr deveh)lopment was delcltrio<us to follicular 
develop"lct ttlte adtministratiom of 1.1 RI-I did not sccln be oflto ther
aleiltic ust ill cases of a I ortllilt(ory sterility. loweve r, inl patients with an
ieulatiot, in whonm follicular naturation vas stimulated b cpiliestrol or 
clotliphelie, a(liiistialion of 1,11RI-I was followedl yIoviulatioin when there 
v-as, evih.lie that fllic tlar growth was comllete." 'Tits was usually inferred
bv cstraliol scrlll levels above 250 pg/nil. fi patients treateo wilh epiniestrol,
ill w.holil the. follicle was not iatiure, a(lmtinistration (f' IIRI I 1';r several 
(lI's was not sll((('Ssltil ill il(lucing ovulation. These studies su1ggest that
1.R1 II is effe(tive (only when growth 0' tle follicle is coimplete. Adtitistra
lion of I I I)efore the follicle is fully dehelIRl biped (foes noit result in ovulation 
ari llnoril (orliis Intenltll function. 

1.11 RII in exl)erimental aniuls was shown to) exert antifertilitv capabilities
when atlhinisteel chronicallv. 1i, wolten, (hroiic administration of IHRH 
potent analogs inhibited ovulatiotn. These studies suggestel that IIHRH orits arialogs (oud he used as a cotraceptive, and thev exllainell tie previous
failed atotenipts to iniduce ovulation in womien RIwit h 'I alone. lowever, 

*.Mishcll DR.J.Ir t'nF.-.:tishe d dam. 
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dail' aidnitristatiol of* 1IIRIH is not practical hrour a clinical point of' view. 
onother regimen of admtinistration of' II RII w;rs then tested. InIthe last 12 

months, 20 patients in 01ur hospital were treated withI.1I RII inlorder to block 
ovulatio or ind0u1e inlsufCficient lcor}pus Iutcint. Itnall thesc patients, LIIR.H 
was ailhrinistercd for otil. 5 days durinig liffercnlt phases of the icnsitriiA 

.\l1 patierlts ws re stirdied for one cv{e be0e the-y wcre enrolled for this 
stu(dV. Iflood w sui a n to! ru SInIniet of estradioI. progesteronc, and LI-I 
levels b, radloiri lin] pticnrs were1iiiAssai\. All Intihiparoris and had retIuested 
tubal sterilizattion. (0r)l1s lillt-ul Itittiiii w;ts 1otn1i iII all cases. as inlc-red 
by progestet one levels abovc 8 ng iil 8 days following F2 peak. 'I he,,c patients 
were treated inI the seti rt+i(voic withI.1tRII. . I RII was injected initic (lose
of, 100 to I000 VL sublcut;Mnor for5 days. In laticnts, I rng IAIRI-IIMslv four 
was td inIistered as aln initravetous nIuIIsionl for 5 hotrys during two colsec
utive days. IAIRII ticatinteit was inritiatd cither before or after ovulation 
had: ticirelc (. InI tie grlutF (n =i), adiriistratl io% was 5Ifirl : start(c days
after the estradiol peak, ,,,hein piogcsttronc leels wcc abovc .Ing/nl. InI the 
sectond group {i = 1.t)II I wtI- give) cithcr bcfote tloli illar growth was 
conipletc or itrt tie dia\ of thc prcmliltovtt cst tad iol picak. III all patients, 
lrp,estcrtric levels wercte low, usually less tl;i, I ng/nl.

III rcspolnscs werernioritried in all Iatitits during liatniititn. Basal levels 
wre below 8 In! , 11il tforet IAtRII ticatieil t%asinitte{d. In o)nhl two 
patients, IttRII tramttuntt was -;taito at the tithC of spoIntanculs l.II surge.
In hnt patitits for wh<n 1.1 IR lr ihinistrationt was irritialtod 5 days f}low
ing the' et radiol peak, prgec.tr<otic ttodi tion bI}tie corlus hitniII was 
riot I-edliced ( i re.tt i,.tt l19- I,19-2). Ill tihc tetti;itiiiing two(I igs. la
tieits, tlieI was cvet at) ilt tcasc itl progestero -cvels following lI,RII 
aditiisttratitn. In all paticnts, P}I).4cstcI(rone lcls wet above l,g/iil wheti 
the sub(t uliictrus initctins we.rc inriti;,ted. .lIlevels rose lwriptly following
LI IRII ij,. ttr to icah a plateirl I hili later. li'c rcsl}rursc to stilcita
reous iinjet tiotis of I.IRI I did nt change sigtilfclitrnl (hirriig the 5-dai treat
incit (Fig. 19-3).

In the sc(( 1lltd (1 I-) gt ttlp o(flatiits. I.II II tietiure11rit was Initiatel 
bcftorc oulititIi Iadl <}icrted, ;is ilri-d Itviprtgestet-tronc levels below 2 
trg"rrlI. Ill II J).tictts. I.AI II s A,,.iltiiiii.ttI..d sIIhc{II;trr tui slv ill the (lose
tf .10l0 t' S)) )1gill;tv for fivti\'Lts uiti0e Illtile reiairi-ig threevsdays. 

Pttictlts, I.1IRI was rItiItIiistcto.-. as aiil ititravcnos inririitn ttr five hours
(Luting t%to (o(Iscttitiv lays. lrc [total dose adtinistcre was I tng/aiay. In 
12 of these patietis, I I tRI I tatint{t wase it stlrlel before the. Ir(preovullat(,ry

estraiodl< st,!ge( had occ{urred. In the rettlairifig twI, irealllellt WIs startel oi 

Fig. 19-1. It'uoo- od 1,1IRIt pr or.}esteroine iprotviititic, Iv unai ttrius ltrn 

that (in vio. ote Irt",(t(r }tile levels wre riot affected whenl lI RI] tI-calllent was 
initiated 5 (h;is foIoBwing 112 peak. 

Fig. 19-2. Pr}gcstcrone Iteels duing oitrol and 1.1IRI I-ltc;ted c'cles (i =-1). 
I.IIRtt was started 5 Lass ilter 112 pwak, when prttgesteront levels werc above .4 ig/
nil. Note that [tie pirgesit'iore prtiuctiotrn was not aliffected Ib IIRI ireatinit. 



C. N. C. 

400 6 

30- 1 

12001 8

c 4: IO 

- 0 4-I 

V) V, 

5 10 15 20 2 5 10 I 20: 25 5 

DAY OF THE CYCLE 

LH" RH - CONTROL 

' LH -RH 

PROG 
ng/ l 

i0 (4) 

9 

7 
6 

(4) 

5 

4-. 

0

2 4 6 a 0 12 14 16 

DAYS AFTER E2 PEAK 

219 



-- - -- - -

t12IQ

M. a. O. C 

DAY I DAY 2 DAY 3 DAY 4 DAY 5 

1HRH 50Omcg LHRH 5OOmcg LHRH 500mcg LHRH 500mcg LHRH 500mcg 

2 2 _ 8

0- 01 

E_ 0 

OI L 

oO IEo o0 o0o 0o 6 0 MNUTES 
Fig. 19-3. LH levels following subcutaneous injecticm of LHRHlduring a 5-day treatment course. Note that LH 
response did not decrease markedly during tr-eatment. 
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the (dav ot e.straidAl Suge. Bhfun I hs dralwn iui ot Ihese pt Ijellts for Inciiernen of est iadiof, plogt.,styor arid 1.11 itvcIs hy raioi i1ittroassav CXpzItiteluni ftiti(til Wa1iS rtllolrnjra in all paariv-rir's trea~ted with IRHRh befoe the1preovuktatorv' cSfradiol lllgtc ( Jig. 19 1-). In 1m) palrirI~l progCSIt~rorr levelswere below 2 iglmi th lmo~ig ticalitjilt, perliapjis sggestirog 111m ovuioniiihadh f)CUII suijpj)1.scd (FJigs. 19-5. I9-6i). Ill ilItrllairlirg patits p~rogesterone~t 1ro(Iu(rilr was intiketfi' redd f (iling Iltea I iini t\(lt' (Fig.7 ). Thed(it ft'eii(c5 1*11p)togesteroicevels b~etween iit 
I 9

treltliefil anid controlc( (tcs wcet sialistit aiS sigiifi(dant. S~lrnilar_ fllilg. %Tl C alSo ob)Served inpatients treattedf vvith I 111g, 1.1IRI I 1V for 1.-'f) (la's JHg. 1-8). 1However, in 
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Fig. 19-5. Suppression of ovulation by LHRH treatment in a normally

menstruating woman. Lf IRH subcutaneous injection 
was initiated at time of 
preovulatory E2 peak. Note that progesterone levels remained below 2 ng/ml

following treatment. ('ycle length was shortened in this patient.
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Fig. 19-6. Suppression of ovulation by LHRII treatment, which had started before 
the E2 preovulatory peak. Note that progesterone levels remained low following 
treatment. 
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these Patients thle 
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insu f9ficient s 
corpus lineutl.in, hmans as well as inducing anin other splcseorlatonfbllws a sitre in U.11 sectiOn 1,is illature. While ! t ullNoteshe 

a petid of 16 to 32 ho""ra IHRoductio tof stertd when the fbliceefa
Iostaglandinsby thle oval ianl follicle, tile LI-1 peak also incites an 
on steroidogesis and cyclic ANI P pod Ilipol tant inhibitory act ionlpreovulatoyrperiod. l c (oniig the'I-hiS is accompanied laer alf of thlereceptors ini by atdciease 
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ptl-roIlg((l illiuhsion of 1IRIII (5hr!(lIV).giN-t-Ij(il ov'llid(in
h)cIr)Caiid(co)rpus luttim!llf'Or'lllalioll.
'e f'I1i1cula1r n1aturatioil is v
 

,ISuppi cs:'sic ,ollip~lt.w., cxNt'lI a ftC 

( (I111 iothlhC M 1,i) the 1.1-1 )reovulatoryMIn ('Xpllaciswlilal('l 1)('iig "Xl)t( 

iak hais I hc shUIt-livo(.- il or(h(r 1(0 have irinllal (col)ts litCelni function. 

If Iti( high IC\ (Of IAI ;it.( pircst'llt hl'()re hllicle iiatuiltln is Complete 

1 (1111 ng Ite l1is (Ls following Ovuilatioi, it will (lecreas the coicentraltion 

1fIts \)%ii 1c(CI)tl( (h graillUlosa €Cells (liring a critical period of its owniniIll 

i (R lie to block ovr(lte\elhpiiiit I resilts ind(icate thatLI can usCi.se 

larol()ui Or to (alse. allinlifficietil olr-pus hutellti in itiinlls, as long as it 
lreatmien,ad:iiiicredrl fielor, ovilatioli. ()1n the other hand, if LIIRI-I 

the lut(eIl pfhise, the effect Oilprogestroile )roduction w:.illiliail l;llte ill 
lit, liiii ~ll. 

IllSe I( iligS Alii llSo iln;igileliitll with recetll olserva.tions that LH,RH 
and it (an stimulate iC( lythe dlevelopilgis ircst'l iinlt I i(Cvto)lohlol)liiist 

criulis indicate that the administration of* LIIR-I after imlemlbrvo. "lhe 
probahl ot afftect pregliiainc. Thus, there is

plaatiolll lhas ourre(l will 
h foll i aortifiacient agentiiiliutre 'r Ill RIas ;in earl' in hu

Ira)l),nl) not 1i( 
the list- I.IRIH )r- its analog dtring the kfflicular phase11aliis.I lowcvcr, ofI 

corpus ittiletim may have sonic
to bh)lo(:k (oviilation () to ildtice ;idcfective 

rilct wolliie. The deClol)mlenlt of potent
ii (O)lirt
tirc as a diCl Clt i ve ill 

aiinid exciting possibilities for this field.1H MRI,alnaligs of'cr-s new 
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IN-1 MA.RIA COUMARU-SCHALLY 

The decapeptide IIRIL, responsible f'or sYnthesis and release of '111 and 
LFSl , was isolated anid sItlthesizcd by Schat!v in 1971.' Later, modifications 
of the ailillo acid sequetlce of this hormone led to the synthesis of alogs
'mitll ltttl tic aintl tllagonistic 1.1 IRI activities.'' Studies iudicte that his
Il;le ,111(1 trlit<) probably exert a ftntctional cffect, in] addition to pro
Ni(iltg rc(cp)tot-hitlfillig Iapacity, Sitce sulbtittiomls or dclctioI,, in position 
2 Hr 3 gtt.,tll\ (t. ,.tsc I. IRI I tctivitt . 

IHtc ptitttv\ 'itc (I t/tltt ic t ,egiadlationof I I RII ;it the (I'-Len 7 

h<tm tti tiend i lttion of I)-isonu-rs of ino acids at positiM 6. signlif'
aai etttlthatoi< loI,)~c tactivit,,. .\nailog, sitltitntcd )ositionit 6 or (1, Or 
tbotit ale tel to u ntdl more)t'( also possesshtioired times1 potelt titan 1.11I01 ai 

ptt ulonged ;It It\it\V. 
A se(w dt site )f clllatic degradation is at the 1) position glvci1)e ntillide
,esidut. St thilutiot of an ethvlamide at this position leads to cihanced ac

tivit,. It Ilas heen posttlated that tie greater activity of the analogs, coimpared
ith <,rigiilal dtitp'cptidv, is the resutlt of esistllce. to cnivitatic degradationl

adl retention at t ilc ptlrttar Ii:;stIc. It h:4:, also beenl suiggested that i IlRI-I 
attihgs t1tta posM:ss, greater affinity tihtn thc I]I RII l'or attrior pittitarv
rcteptti sites. 1.11M ist,stiulat goltado-)opiiRiI dc setertiton, resultittg it 
elevated levels of hfot I.I IM and [;11. TLIesc high circitlating levels of I.I I' 
[SI I lliV clc Otsc to bN det tecasing 1.1 I/FS! Iovlriail rc.,;)tmls\vencss 1A I/FSlI 
receltto" :1tttitter. Ihis liad, "ctonlladily to decreased (IvariaIt stcroidogene
sis. 1I IRII analotgs ntav also act directly at tile gonadal level to inlibit ovariatn 
ho lllot tll gtt -sis.ltgei 
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STIMULATORY LHRH ANALOGS 

The , .'hqcto) t of highlY a tivre stnmulatolv analogs of LH -IRH led us toattlemt i, il prove tilec rate of su~ccss in inducing ovliation in ;UnovulatoryWomien Wi, v.iSled to c(mlcivC.' [1)-Alai,des.(lv .l!_RH ethylanide and11-I lii"]-1.1 R tI, which systematically raise gonadotropin levels in blood for;is hmg as 2.1 hours, was aministered to infertile women (Figs. 20-1 and20-2) twvcvcr, ' vcrall percentages (f ovultion and pregnancy were low.k, sotic (f it iiiiallh large release ot' gonadotropins after "ldinliistrationif lltc.s Iil'ltioV IlltRH analogs, gonadlot ropill responses rapidlycreased dii ring the prodonged treatment. 
de-

This resilheol in disturbances ingoiadot rmpil scretiom Nsith irregular [ollicular maturation and a low incidchlic. o)f (ijl;i loll (I al)les 20-1 and 20-2). The high rate f bIreakthrough,as well t,, withudiwal, h'leding indticated improper*folictular maturatiom.
All4 he.,r PIlent Il RI I analog, I)-TrpJ-I I RH, was studied in amenor[l.ieu stvrihl paticnts. Fifiteet women received iutrain uscular injections of 

L H 082 702
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0 ,,,4 L , FIG. 20-1. Serum I1I and FSH7-------- '- levels following administration of0 I 2 4 6 12 24 the slimuatory I.lYIRH analog. The 

Hours after i.m. [D-AIa+]-LHRH effect is potent and gonladotropin
ethylamide release is prolonged. 
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FIG. 20-2. E!1Ici (dt I)- IAIIj-I1,.1 I I I et II ]litI i FS I I aldfl(I iSecr-etion. 

TABLE 20-1. ResultsofTherapy with Daily Injectionsof D-Leu6,desGy']-LHRH Ethylamide 

DURATION TOTAL 
DAILY OF URINARY 

CASE INJECTION THERAPY DAILY TOTAL ESTROGENS CLINICAL 
NO. (Frequency) (Days) DOSE (mg) DOSE (mg) (l.g/24 hr) RESPONSE 
1 3 13 0.6 7.8 65 BTB' 
2 
3 

3 
3 

10 
11 

0.6 
0.6 

6.0 
6.6 

75 
84 

Ovulation 
BTB 

4 3 12 0.6 7.2 47 WDB,I 

5 :~3 11 0.6 6.6 21 
5 days later 
BTB 

6 ".3 10 0.6 6.0 66 Ovulation 

8reakthrough bleeding. 
tWitndrawal bleeding. 
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TABLE 20-2. Aalempt of Induction of Ovulat'on with [D-AIa)-LHRI-. Lthylamide 

DURATION TOT,L
DAILY OF URINARYCASE INJECTION [HERAPY DAILY TOTAL ESTROGENS CLINICAL

NO. (Frequency) (Days) DOSE (Mg) DOSE* (mg) (1.g24 hr) RESPONSE 
1 2 8 0.4 3.2 68 WDB,t 

2 2 2 days later8 0.4 3.2 46 No bleeding 

3 2 8 or ovulation0.4 3.2 87 WDB, 5 days 

4 x 2 8 later0.4 3.2 86 WDB, 2 days 

later 
'All patients received an additional dose of 400 jig of [D-Ala]-LHRH ethylamide by an8-hour infusion on the last days of therapy. 
tWithdrawal bleeding. 

1ll t.g of Il)-Irlp'j-lI IRII three tinies a day'for 1)days. The following day,
pxarints were given alrlltraVenous j uisiorihours. In of 50 +Lg over a peiriod of' 8miditiOn, a 5)-p[g boosterrof this analog was given intratmruscrlarly.lhnrc ofd1w IL7 patients ovulated, but none becamtte priegnant. All wone'nhal ,tlst,,of bthI II aid FS11 after the repeated injectios all tire infusion 
,. Iil a;dog (F,, hI'eh werej4 20)-). ISI sltrges 

in 
hwer than 1.1-1 surges.l),il,
JCIlmjis of the analog followed by its infusion produced iregularILIIIHI I S( teltim, which was sufficie tel[himiltain llrodr-tiom ofestrogeis (Fig.

210- I). lit Ii ijetion of I.IIRI1 anahog elicited a si'gnilcat increase in bloodhcl, (dfgiiolt(tlroin, whlich in Iturn'Istimuttlated tfw stroid secreltiln by tie
M5'llts. ( )iw WIliIiI experienc.d <ot1lation, hut he'r plrogcsteronle selrum1 ev-I,c'xhihibi.fl a pltog ssiv de licment that c<inicided with varIx menestrual
lhufiiu.. 'I w ;,hlitiormrl 
\,)llell showeh a sintillr patiterni iil plogestelone

l(t'l 1,t1 ,II',. Ihietc resiults dmlltstratlcd cearlh 1Im otrllation followed
b Irt+gutl;tr ()1 tgIl-olru set(I-otnt (all lead to a sho>rt li teal phase i seve rlllse".i ( )i th. balsis of these rcsults, it was suggestedh that th. appal-et Iluteo-
Is [t efflet o)f die. stirrlmrtorw analog, ;is
evidecced h) the priogesterone selriIl)ofih, maN (titrihulict o the difficiiltv iII trVatitg aruovulatotx infertile1
 

0111C1%%,<) .
 

()ur diffliulty in Iidcing ovirlat,ion, as well as ill dealing with frequentbreakthinorgh bleeding assoiatel with the Ise f the, pmet agonist IHRHanalogs hrrough six vei'ars of experience, led t(the uontsidcratilol of a plaado xihal effcct explained thirmgh a pituitarv desensitization induced by re-Peated adnnin1rstratior of I.1IRI-I analog. It seemetrd that treatment (ould estltin the -iersisicitoccrpaucs'. of available recto(l) sles, blocking fuirther tespoljrsivliess; of tire gonadotropiNs. ConIvcrsCly', 
I r 

wsheri the o-Iginal decapeptitle <IfL.IIRIi was aldninist+red fillowing h)<ar lo.agc dictated by theettogcI extrction intdex as aimarker o)I fhlllictila- stci-oidogetnesis, fbllicular(Itaturritrifn arid ovurlation- werT acitieved in w\NorIt with phoilcvstic ovariandise;rs.. Ilhowvever, iluctioi of ovutlation was not obtained systematically, 
plrubalhv because of' the difficulty in establishing the adequate liiR the-

http:c'xhihibi.fl
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D-TRP-6, LHRH 8 HR INFUSION FOLLOWING TEN DAILY 
INJECTIONS OF 30Ag OF [D-TRP6J -LHRH 

.... CZL JRC I LMF I ARM MDM I' EGY ,o 

H'c 

00 t ,.oo
[ rillJt 


"Id 

FIG. 20-3. \alues of 1.1-1, 1S I,and ustradiol 17fl (oi respond to percent of
 
Iaxilitihim inicit-iII(,t. ((4iale.l ES, MNtivelinskv Ii, l:onseca ME eled: The use of a
 
p)otent stiinulatov 1.tIRI! analog 
 il-lp--.1-IRIhiniuloicliorlof ovrilation. hI I]

It-itil 25:1 9)3-1()7, 198,0)
 

Flgi.nn. I)esplite 1-I-tRaPeltit rc repeated sinti lattioll, );.oducedestrogens
b,, the ovarv delilid, and ill Itirli thesc patients developed the anltici)ated 
biec(Iiig.
 

\We had observ 
l that chIr oiic atnill istratilt o), ID l)-1.u-I0[ edhxlaili
id le!d to a decreased r.Sllsivct~ess of file )ittiotary gland (Tables 20-I and

20-2). later, itwas dtnioiistraft,.d that analogs exert antifertility effects when
 
Used ill large dorses or wl'. adiiinistered lby repeated dloses. 
 It l:ec:alie clear 
that cIIjroI aIltiiilist ratioll with NtirIIIIlatorv analos of 1.11RII could result
in a )ar, oxical cffc t--inlili ilo of, ovuilatiol in niormal woiiiten. It has beell
d(monstratel 0Ihait MhlIIinjj ration of l)-St- ('Iu}'j-1.IRII ethvlamide, either
subIltitneously+or iltrauasallv, is able to) inhibit ovulation inl normal woIenI
durinig the treatment 0vle., similat-ly, we have atte:iped to inhibit ovullation
inl previotisIv etUllieollrrhiu wonlen )y IN! adrinistiation of [ )-Trp'J-L.HRI
in a dosage (f5 .-g onl(e daily to five women f'or 20 days (if the Imenstitual 
cvle. Ovulation was inhibited in three of five patients, but Ienstrtal Cycles
were shIortened and bireakthrough bleeding occurred frequently. Mloreover,
Sonle problems lerived from this approach; thus inhibition of ovullation by
stinmlatorv anai.logs ft -IIRI!caused the clinicall, adverse effect of tinip)
posed estroigeni effect, such as irregular niterine bleeding or amlc norrl c.t. 

LIIRII analogs have also been used1 fo0r induction of Iiteoh-sisI. \"'e gave
in jections of 50 pg Il)-'rpj-1.1-1RH1Ion .each of' two consecutive (iavs dhuring
the inimediate postoviulator phase, producing a short luteal phac and pre
mature menstruation. A )remature "iecline ill progc-sterone levels in seven 
wotmen suggested that luteolysis took )lace. 
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Csooo ~LM( 

'0 I , 

\. / \ _ 
[0 iloo 

1980 

( )[iit' "t ndies have colfilluf the ability (f ill1RI0I anialogs tw in(Illee lni
ttovsis kwhen aidmliistered duiing tile' flillieil [)Iiasc.' Ill 0111 exp~erience,
tIlt aillilisiistioi of15 pLg Il-i'-iIIIonl days 3 andI . after oviulatioti 

tIll~ itiimoiiiitjc wollilill .scvcl resuiltedf ill a1short ftiteiif phase andit jrelliatiLI~c 
!lil"t'ii*itjiiii ( olpare(I withi tile ple\'i115 (V(I( ill Ihc salic patients. I (or.ilonc 5 ludic inl iiSe p).itieis Siloet ai pj-il111itti( ietli oif both prog: 

t,,eand esiraild ,"(,13 coluviioiis in "i ius woof of the 
;ltc~ieJ t effect (f I.( 1RIM analog. 'I Ille 1.1 11M agollisl %%as cIet tliv( as a In
teok i agent when~i giveni be\wen 3 am!l 5 ufMA frmn the 1.11 stinge, ill igree-
Iletit vi"i w y st"idies., 

It (has ben pioposed that IiitIoIVsjs ill a previouis ist l ay interfere wsitih- liming of Whor gir-tl amt! .ii((iplms Ielicinn finmation ill
lie next (XI le -lowlcl, we did jrot (il slwv t1IhS phIii ithcltmii All iciClts 

in ()ll rc( -indfo-ri-l th inal Inistnil Ii .l when 
t 

ile(-pl-ide w-as 
W"i ifldra\i. J'-l d(w1te(ObScivations. it is rectmilllleridetf thiat thle appropriate

(lhilt ht Use .ii iRI I s roild bc. somiliafter ovnlitoII, not i t le iniditureal 
phaitse. Ihis will avoid sevee uil s iteniiicili nsufficiency niu i liejIleiitiregilin bleeding. 1i appears that hliii thandog ishgiven eay in the meal 
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FSI I rclease. Ilhe powerful acti,,t 2,f [I)- Ph_).l, )-Irp.)- l|ie--l RI] Imadepossible slit( .essful clinic testsinI hulliins, ill leICS irS %ellas in fI,a les.2'. Whell 9) Ing of this analog was giseri lt1;I11scUlalrlN to eight normalwon'cetilnI das 12 to 1.1 of the sclt, gollaotropin nspotilser ell to 50 Lg of|AIRII givn 3 and 6 homrs Iaci (Fig. 20-5). lhe injection of 90 Ing [D~l5c:, )-Il' ,l)-Plth&I-lI IRIi supprcsscd the 1I IRI !-il'I:P-, releh';t: u both1I1 1111(FSIt 6 h(tis hlter: hosW-evc, I ItoIlrld Cffct was noticed 241 hourslater. 1.11tSt' ro'titl in respotnse to It1RII injcttin 2,1 hours after tle itirranus( Il,tt Ilij(itiofj fhe 2Il)_l 'l).Trp? ,).lhielji IcRII was significaly higherthal bteforc. FSl rclc,sc 2-1 l<mirs later was It siglilfi(atl ditfctet from 

,igure 20-6~ (elm i( ctffe a,. 1.lhcsc Ieslt slwd that 
of rIlls 1I RI I anlalog III eaIch of, rte eightI)-I'he,l).lrl ,l) . ihie'JlHiRI I inhibits theicsts.e"(df 1.11 1iId I"SI! to the intio(nl of II0IRII during the 6 hoursfollowing tli(t tdimilsol,lflll of this .ititagollistt hvowecr, this effcct is lost 24hurts 'ilr rth itij(.1ti(lot of tial h , ig . 20-7). Basal levels of gonadotrotitts o lt;!itIcl :the timc of the tepelteold iuije(tioi of 1.1IRII 2,1 h(oulrs after(iIijtnstlatiotll Iof t Ite inliibittoo \ a;lilog we( c ot stippeCsseod it all Woitei, itIlIg , ,iitila, 0) that observedni evi)iislI\ ill Ineti." A (intical observationlhit th nctsttritl ole ,,W;a,%s was

(listiplcd ill all patieilts: six prescited earlierItietistiuial bleedi;Ig (forltl 2 to :- (lay",). whicrcas two had (lelal tlelises (9 
tii 15 d , r C~t~tc . I)isru tIot off the lit'i stttal cy(le in all cases 
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(ii,(.S of ll)rg.,,b idIiS l thI I lcllviC'cle surge, id (A, 'ultion did noti occ:ur
inI cigt (of ILI notii(uI me'nstrtitting women. Six ofthese wometn rnetistruated 
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Clinical Studies with LHRH Agonists 

K4TIARINE L. SHEEHAN 

SAMUEL S. C. YEN 

Recently, luteitrizilig hormone releasing hormone (LI-IRHI) and IHRI I ago
t -nists have been reported to induce lhteolysis in women . Lemay and oth

ers91 observed that in a snial! group of subjects the luteolytic effect of I-I RI I 
appeared to lie less effective in the early part of the lIteal phase. lowe'er,
the question of matximal effectiveness of'L-IRI-I agonist oil ltteolysis remaitis 
to be established. The present investigation was tndertaken to evaluate tihe 
potential clii ical usefulness in terms of reproducil)ilitY, reversibility, ,andclit
ical time )f ,altriiristraltito of 1I-IRII agonist in inducing lnteolvsis in wotiren. 

MATERIALS AND METHODS 

Fifteen reguIan lx cJcrig women (ages 25-39) voltniteered fOr this study, and 
written informed consents were obtained. A nonhormonal formr of contra
ceptiot wts used by all the women. Mean cycle length by history was 28 days
(range 27-30 days). Ili each subject the menstrual cycle was monitored by
recording the basal body temperature (BBT) daily throughout the cycle and 
by serial deteriliniatiol of serum levels of I-I, 1), and estradiol (E.2) begiiilg 
On day I0f each cNycle. 

Following afcontrol cycle in which rio treatment was aldmiinistered, Ile 15 
subjects received t stu)ctaneous injection of 50 gg of [I)-Trp ,IPro NEitj-
L RI-I (LIIR Il-Ag) on one or two sIccessive da's in the liteal phlase as 
prev'iously described. Blood samples were obtained from each subject atapproxiriately the satic lime each day (usually between 8 and 10 am.) and 
one of the investigltors examined tle BBT chart. Injectiotis of 1.1lIlI-Ag 
were tlien begui att varliors intervals after tile biplhasic shift ill BB'I itl order 
to investigate the possible presence of a critical tie period ill the liteal phase
(iu ring which thlie Iiteol'tic act ion of the peptide might oc, tir. Elach of the 15 
sub)ects participated ill from oure to four treatment cycles f'or a total of .13 
treatment cycles f rtiic group. A subsequeit control cycle (rec verV cycle) 

We th;nk I'. Mal ,. J. Btatun gafd, the miri;es of ltie (A;inictl Resctr(nh (ductii a dic Uni
versity flospuit.i, M. Rvuk, J. Wong, 1. Btone, .1. Auiad, and W. tloppci for irii 'xiclleit 

scit anidfedihnic;,I assistailC; 1). Atistin, 1Il. xskova(, and (C. Y<oza for mi lript ai.Sistaintc; 'sptc
ciailyIlr. A. tmii for hiii odvic. Dis. W. V'ale antt.f. Riviei kindly prividted rhe s.litliui I.i1Rt I 
:igoniis iisef ii iis stuuf+. 
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was lionitiIred in 14twomen to detertnine the reversibility of any Iutcolytic
effect of LA IR1I-Ag.

Becausc tnormal menses occur approximately 5 (lays following spotlratlCOusregression OF the (orpts ltttti,' .' indu('tioll of lIltiolsis was uCnsi(eredsuc:e:Cssful if a pirallel decline in E,and 1) resulted i:i plenlaitre offset of'ntenses within 5 days of first dose od LHIRI--Ag. A failed inlduction of luteolYsis was cnsideredi to hv occurred if menses began more than 5 days afterLIIRtI-Ag trcattuent regardless of whether or not the Iuteal phasc lengthIwas shnrtened. In .hrce itstances, oming to the inherent imc'uracI1RI I-.: was inuf rtntly administered within 5 days of of BBIT,the ted on
set of ici.ses as determined retrospectively by tie hornional lat;i. These
('x'tlcs could not be evaltuat(d.

l.IlRII-.\g was snthesized and provided by J. Rivicr ,and(1 W. Vale ittheSalk Institutet. Intro stmudics have defrtu stiated thlt this +,gonlst is 1Ii tinestto ' poltit tlian I+RF in releasing 1.11' and ISII front ra, atlterior pittitarytells: " this degree of' pottc, N.has beentollolitllted hy In vo stttlics of \VOtlCll
(fllting the earlk follicular phasc. 1.11-Ag was (lisollcd if) sterile 0.9"';NaC(l (' taining ((.9o%" ben/,l alcohol as a bacteriostati' agent ((tllct'r lIabolanrteics, Becrkelcy, CA); passed through atmilliporc filter (0.22 cim, Millipore(oltj., lil'tttj1i,NIA): and used to test stcrility. All the lRll-.\g used inl.1 

hi, sttlidy was prlpared ill one batch.
M Isitttrticlit of' I.II,F.,, atld 1)levels was tIade liv radioiltfiitm tloass i\.. 1.,.12sitpll's toti iditvidual studies wc'e runl intic sainc assa,. I)at;i aialysis\\as pt'flttiled by analysis of Valianc and ,"tSindctt's -tailed -Iest. 

RESULTS
 

In29 oft lhe.13 treatment cycles, "successful" induction of lteolysis occuiti.in I I treatmiet ('x'les, 1I-IRII-Ag administration failed to induc litCoYlsis.
I ltc tt';llttie cv( Ic-s could not be evaluated.
liI'iy t' 21-1. c'omtiposite data Ftr the Iten (n-. 1K.) lEvIcls of P and E. ittle Itt.al pias. oif thc 15 cottol cycles are compaud withth til lles in wh'iichinldlti of liueolysis by 1.l1RIf-Ag failed (n - I I)r siltcdted (t - 24j.(AmittI littal lhisc letigih was 1-., -#-0.3 dayxs Otn SSE.) and did notan ."di ici Ilrmofailed tr'eatmtnt (",c'helength (13. d;i( A d.. nll dilfcfcriwe 

SCi'5(1it I the I2 or 1) levels if these two gililips.i"5f il ieatv I loeeilt the 29 sit(ilt v\(ies, Iltcolysis was oltiirit.e b\ tie pl.ctltrtr paralleld.( eil.,tlttiof ,atnd 1L, i:'els and the sigiiifil'a l (1 ((.001) s iorrtening
of tI tlitteal ph,ts H11.1.1 0.3 lays) w hw it i t1 ontrol cycle 

l e dist tilttiotmi of ,tusssu or f;ilutic ij the itlhtiti of luteoYsis, whetie\.it1itlie l ,t]the basis of 1ite tie of adnalisratttion of' tile I1 . Il.-Ag diringthe e\,ptse of tle hitteal phase, is illtistrarted ii [igurc 21-2. \\'ht givenwitihin 5dax of' tile ll peak. 1. IRiI-..\g failed to indc Ittlitteolysis in tni13 ( les '77%c).711 tIter the cotnlitiots of our stitld, 
of 

tie e;t'lv 'rpus liteutunia alt'r too be rclractlo vto thc lutcolti action ofi lIRt l-.Ag. Ifowevcr, whelt'altlleit licall ot 5,orlt'r datet(ly lutcolysis occturred in21; of 27 cy'cIes 
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FIG. 21-1. (Lejt panel) Mean ( ! S.E.) daily r semin levels of P and F in II failed 
treatment cycles (*.0... 0) (1pj -e(l with 15 control m~les (0..--. 0). ()Ilset of ineises
(-S.E.) is indicated by boxes (open, control; black, treated). (Right panel) Mean
(-S.E.) daily serum P and E levels inl 29 sIuCessfLIn tretlment C(cs (0).....0)
compared with 15 control cycles (o ----. (:)nsetof' menses ( SF.)isI indicated by
boxes (open, control; bl~ak, treated). 

(96%). R,. )ro(htilbilitv was thus (emonstrated in each subject's sequential
cycles as long as the I-I RII-Ag was given at the appropria te time.

IThe reversibility of tlie ]Iteolytic effect of I.1]KII agomist was evaluate(l by
monitoring a ftiai inontreatilnent (or recovery) cycle in 14I of thc 15 subjects.
In all subjects, the rec(ovemry cycle luteal I)lbase length was within I day of the
control cycle length, and there was no difference in ileat luteal phase lengths
of control cycles (14t.4 _ 0.3 (lays) and recosery cycles (1,. 1 + 0.4I days). 
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Neit lidi ovidl, mu nor tile adIequacy Of' lureail funllCtion seezllc(i disturbed by 

DISCUSSION 

T he pre'sentr st il'd has demonstrated both Iirepod uCIbiIit ' inl indixid ull
WOHI)Illi c111 reversibility of' the 1Inteolyt ic effect of, 1.1-1 Rr-I-Ag;4onmplete 

hlowever]- thle rejprouII4ililiv de~pends oil the tim~inig olhiinitratjon ill thie Ilinealph~isc. Whici I reat ime %%-lit LfI Il-Ag comne~uts 5 to 8 day's after the 1.1]1icak. piin~attr II ilteoivsis consistenitly otcill's. flowevet', tile earl)' corpuls
Iivl~eijill (ilo 14) be lcirml~oix' to tile Ititeoh'tic effec.t oif' LHIR-Ag since,ifeillc (()fljjt11IS~l (d ()In, stl(v, adiinilsti'atioui of' the agonist witiii tilefi-st -1 days Awftedic 1 1l peatk filfed to iniduce Iliteoivsis. Ilcse findings are
(HhlSiNstto wi'tti 1i1c ()S(I\'itjioli of' h-nvada ciateQ, that Illitltipie iljectnils (f) I I (nsed pite11itlie Ilit4)lN'sis ill WOIIICII wileil given 4)on day's1) 11it(U1l 91 after' thc 1.11 sur~ge, whlereas adiiistrti Oil()I dlts I thrlough

5 was fill- l~ss eIf l ll i slo(itcening ilc litteaf phlase.
'[Ieh 11CIlmitliln Of thw hu-llt icti'ift of II RI I and IAIRE I-Ag is ticarit.

FXpieIilllitail (klld stiggest tiltee possible sites of action: (li't pittlitai',N deC
54Ji5Ii/11ttil, t[hc (foWl-i'eglltlmu 4O1ovarianl III lt'( (lt41S, arid a (hu1edt inl-IllIr\- a lion of 1.1IRE I ()il ovarianl 5tlc4)ilogrless Thie loechaiisni oftliiixiltili sctistl~itx Ill tile, 11iilllital phase is also unknown. It is tctuiptiilg
spc( IJIlit 

to
tht Antll ese deliVerx of Ii IREI algonist to tile lilteal tells
4)4 G11isllcnd bs the( lillcasell vais(111iiitsiplvk 

is
 
of' the Ortis ltlttln, which

hc(mollcs uIialiidl 1( ' ffte 
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Discussion: LHRH-Analog Agonists
and Antagonists as Antifertility Agents
in the Human Female 

JOSEPH W. GOLDZIEHER, MODERATOR 

liI ordev to put variolls coitldcItit'C :1rId lteol'ytic regimens with LIIRHagotlists illperspective, hue ill ust keep in mind tlat the secretory activity ofthe h.,potltalaulprit rv ,ystcill )0duces reCpeated pulses ofIx ii.ttcitelv 9)-1lii lt C jiltervals. The secreted 
LHRH at ap

peptide has allmv, very short half,thlwinig for airapid d(e(aNV of the si intilus. To tie extentilled(icillil Iegillulls (0 
that various 

1<t follow tills ctiurs:! of eveults, tiley a tl-tillphysiologicalnd have a Vallrt of llihysiologic C(0iSe(ueIICCCS. Fi-e(llelCtidillitlstraitio l silliplv O1" ConltilltOtlSshtts dl'vil pittlitarv golladotl-oiillef'fect, ill tYli 1 release resulting,'l!t ile illal(,,stl;atioll that i1,11v bc obsel ved both illaid lllf.,S. fenialesietI l\eiiill(X.t etXilles, diil~istlatiou of v,i(1ots doses of' longacting 1.1 fRII ath,ls iII l01s IgitlI'lI, ISbltItId to j)rodtlc (Jtlite a spectriili o ccfnts--iwe lhih is i i to bc fi IIttr 'ilfolliuled l)"Vi;,bilitt. of I'ts tile inherenltolrisc fromn olt Idividli al to ,lilothir. The(lillihal ilvcsfigatiOll ,le likly to, loe 
,lN sltages of 

111c ( im-, ,at thet p/le'sc.ll till)t. 
.ass iated with (oilftision-s is il(Ileed 

\nillial studies lalve l).hell iIlptfunl, but s't'vlarge dil ervi'icesHotled have been(tl.l Il('ttiO Ills, ilolllll, ll plilliates, aiil lnli,,alls illterills ofte'sp)osc. Ills i:ulkcs extlOl;tltiolls lit" iebetter thfna 
(lose

elducated guesses. lven1) cxpcrinIllettal ;iniinnial.s, onilfling results, ar- apparent. Several inivestoralots have ilow exatilliiled tIle lulctolt,ieffet of hug-acting analogs, beginningat valiols stagcs of Ihc rilovIllola-t plase. llh., ha,
d o_l;inled conflictingta ;asto whethcti eatnIcllilet il,ihlleary, nid-, or ltte Itcal phase is likelyto havc It subsittiaf (1 feet ot plasilt pl t'liogcstolle. A siillliar inconsistency
is sci ill( llical sitliles of the seilisilivit (if the( ts ltittim to this llteo,orpt

IN-ti( ctlf(.. )th'is lac (Illcstiolled 'hvletiler dlep-cssious illtt'rltlet )laslla proges-IflC t\l(lle d1c(IMiigf il. ill te llsof the lIllillate goal of' contraceptivei(tiaI01. It w;s ns'\'Itsuggested, hael il (licijal observitlios,Iltilcolytic tIc rapv would hlave 

tlhat effective
to) beglill prio to forlaitioil of the Urlpus IlltClill, (.'.., ll tile u id- of0llte follitulal ipliase).The "trlappcd-lti," '' vildl-ol le is Colisidtid a s halllt llctlolltloll f 1 '11of si)zllilltl illfttilit bille
s u, i](oditi<>l ( All be 'lprodmted by hormonal 

lhmrlit " .\thlit.lcm,', I ugo *a, I .. Mtaiced Somidnlt-Gollwiter,Aruro Zai t Katharine Shcehan,DI.D otvt ttati Rim ()tI. Asdi, I f maii 1,.(;1. ;iltto,XWolfgang filtart, Fernand
L2~rie, A"1d2 LejIN, Kiiri S Ntogtissijuigen K. San(10 
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lnlil tlitliolls III eXj)iiiiiieti.ll iilinals. The %Niti(llWslaiHsCl :ls to 
wililiei Ilile was Mrl, CV'.1 1CU (If thspel~lelll.' 1isito l iMIuS 

iiti Ii iil SI lltlilg hulgh! jossilblx help). an1( ld ltlli examninations of' 

tailWv vil'liale in! ( llil,l11lol.
 
1.xlells;1. ((lillicil ((I ltIactelx c stiililes fhave been (1diliel ow1 
 Nwith it variety

Of i egililulls uising tile I loCu list liltIaliasal agolist, Bis(e1iii. AS Iiiight lbe 
aiilit( liw tlicie IS it glreat (Il OI ]d-ill~l~~td V'iltlloll Iio hI givenl (ose of'thlis 
aienlt. 111(1i( Is [10() cilireiv (l Itow\ 1111ith of' this Is (file to tile Individutal 

(liix1 ti1v J at "11111(ienitkx high IIIshCS, ll)lll)lete Ovarianl Inhibhitioni and an
O(illtill ilCl h(. (Jhbltillell. With diiges'l effects are
lwl(oscs L'ssl 

.51111l, dj)Jlloxillilillg t ()fs tll'it llilij1I, i cvenitntallv (loSes ate gil en
 

.hIh Pal e ( 1-11 1 le (dv i ldl ul o o ivl l i i hii l ksl f . I l 1 p i o i e s l ( - f l ! d l ca 
sp lIt milc tfNlil cI il I(Al~ i olill klffilict\d Jiof li I )'tileu ii liiii 

plI ( 10 (41st. 'Ilit SllpiJ~is tlnge I111111 total alhl-liollhilea (apploxilliaring 

ilistislill)tlst0llll dilil iil -ide-ff lokhi lollliikcelV leto l'(lilv xsel 
IIIIJICI puil-li sI ilull. 111mllallJillJn.l lliiilieitht (Cill (sesoll 
(eli titrsC( lllll 5c itli.lll! III)\I LhI~ J\Iiti (ii thlx altea i l iill dteps ted 
1ffIO( Il lmildillcI e.j1d lllC 1tIllo Il lI ile li li it iil~i hye 

jAl~lill. li'C f twlie qilesstildl Was iaisd with leg; l Ill stiltls (X i lot -iihiih 
tills i('gil('lls of1! i aollisisOw -1((ifshll i hey1( tha e1-ill I wo~ael

tives 10 111 1 ( )ii canntuelepbIlk-I' 1(1-ilall l ,llleii1l settlt Niii( lerllieS 

(-1- 1jtii O IIIgsta)11llid dlXOll'tll ()itl (.(l 015,tlllIsI ilemhixidwis leh 

jioii nitectil.. i(lia 1 ls (( it' o SilIefeTs LiIR Idlogs(xet 11 

patwhit.11i51dJetoll)it( thim stdgl wisoualsd hot lik (l'c till() Sit(oille. iol ictlb 
(itgI ciifth JIehi)f l It u oiesls(Wfth (ISI1 tiIcL (k tat Il c ortatii;l i) te 

admillssiat ls iig sef ilil iglld5 IIo(Iliiil tria,11111 ht. th(ligInd phas 11 ials, 
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The discovery of LFIRi-I and the availability of the synthetic neurohormoneand a large series of its highly potent agonistic analogs has permitted rapidprogress in the understanding of the control of pituitary gonadotropin Secretion in both experimental animals and humans.9-2' Although the syntheticreleasing hormones provided a potentially new therapeutic approach for thetreatment of hulnl infertility, 2.. 6 only limited succcss was obtained in the
earlv studies. 00,00 

ihe difficuities ill achieving such therapeutic success in the treatmentof human male infertility are most likely related to the now well-documented "paradoxical" antifertility effects male4 in experimental anireals. 2 .. .t .0,.2.2.1,3 2.34.35r Moreover, treatment
also lead to 

with LHRH agonists caninhibition of reproductive functions in the human, resulting indecreased testicular steroidogenesis in men. 7421, 
3
3Although the precise mechanisms respon,.ible for the antif'ertility action ofLHRH agonists are not yet fully understood, at least in part, these effects areurobably mediated by the loss of gonadal receptors and desensitization secmdary to LHRIl agonist-induced endogenous LH release . The direct innibitory effect of LHRH agonists at the gonadal level could also play a- role,at least at high doses..W. I Another site showing an antifertility effect is theadenohypophysis, where a decreased gonadotropin responsiveness to LHRHfollows acute or chronic treatment with LHRH agonists in both men and

experimental animals. 2 5
9 .3-1 

With the potential use of LHRH agonists as a new approach ill male contraception and in treating androgen-dependent pathologies (such as cancer 

246 
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of' tile prostate) alr.adlolvious, it Il~eOiles irrpor (ant to investigate tile [Ile(nI
aisIIIs responItsi l tr' tII Ipar;doxical antif'rilit' effe'cts of' ll tR II atgorrists.
Suc h knowhclgv !iould lielji to0 deterline tfective dolsage regimenins so that 
stimulation ,r inh1lilbitl n of r'produrrtiv,! f'nio's an b ithi'iied according 
to ('linici needs. 

INHIBITION OF TESTICULAR GONADOTROPIN RECEPTORS 

In our origitial dlsctriptiort of tie iitlfitor'v e'fftcts (f tr'atmrnt with an 
I.IlRII agonist oil t'stis ard Stc'oidartV sex (organ weight ilitire male i-at, tile 
first evidcltic for the rnriei;inistils IIIolvud-lai ly loss of testicular go

'IiadotiopilF Iccp.ot.s-%'s also desc'riled.l- It was then rcportcd that treat
ntiult <of ithal rats witl the. tot I.IIR!I agrtist [l)-lctrJ-lIAIRII-lA, 
administere(d ;I, a0single ini*eo'tiorl ris a scrit's of sc\'eir I lativelv large datilv 
(loses (1.8 ftg), lhmis to i'(dt('(d tt'stitilr weight. weight f ,accssolry repro
dt(tiv'c glarnls, ttstiulir I1I r'cu to'levl', and plasxinil testostcrolne (oi
cntraltio stojorentlN .. we' xaririrreod tilt. cfet ts o ftil lower (loses of an 
I.iRI agonist t. tic'arlx .1ppr'oxinl,,ting tilre phiysiologic stimnulationt with 
ttioltr io s 1.11RI., (Gmrlps(of rilts wrve inlijeoted with saline or witl ().008,
0.)-1. (.2, 1. ) r' :5.1) vsg il)-l.cl"I-lI flRI -IA (ll ill H;.ai. or" thrtce timet's a 
day' (8 at.m., 1 i.mi., Mil 12 millnright) f r I wck. 'hIle last inri'jecior was at 
8 ;a.11. (ml Ic Se.%erItll os, alnl tilre rials wet', sacrilitcd 2,t hours lai-r,. 

As illustirareod iII higtur 23-1, thecre" was a significant loss (approxillmatel 
30',) of tstiotil;tr 1.11 ict orl's ill auimiials tit td wirl 0.0l08 g of' tiethI.IRLI 
;', nitS, whereas ;a iraximrual effect (8((') ,( rirr'd after (loses ranging horn 
).0i tlo 0.2 Vtg. Inttercstiugl,, tile depletion of 111 receptors by tie I.-IRII 

agonist was Iru'tw ;iijpacjil il auilruals ilijett ((Iont" tirIc rather than tInee 
times a dis'. Aohiriristrallol oI 1.1IRiI agolist had a.similalr t'ffeIct on the 
lev.ls of tetIcsl 11tm. polattin rceptors, with riraxinlial depiletiolr beirig observed 
irl aninials trealtd with (.2 pLg o[1 tilre agonist. Becal se treatlirit with (J.0
pug or higher (loses of tile 1IRII I agonist leads toia i'evductior 0 Itsticular 
weight. it is sigriliarit that a1siririlat irriibitorv pattern was obs, vxed when 
1.1 " arl PRI. rcttplor' levels wrT eXlresced p' gri'; of' te'stis. In addition 
to red"ucing nesticurla r weight, lii, and p;olactin reteplor" lev-els, treatnernt 
with (loses of 0.0-.I Lg i iortc Iecreased plasrmta testostetrtie lhvels ;rld sent
inrll vcsiIt weight. 

INHIBITION OF TESTICULAR STEROIDOGENESIS 

ii dInrillistr iot IIIIRII 
alogs to adult rirale rats tairses a marke'd (e ('ris, ill tt'sticilar 1.11 receptors;
it w'eights (I tire tstis, V'liltial l<ostiitt.. anrrd srirlinl vsilcis; ard il conrcell

'hIiese studies have sho that i o or its agoristic aln

.-tration of' plasi ra testio.iteii. '' Stuldies of1l.e.vilig oells fironl rats treated 
witih h(:(, have shown t is ;accomaniedthat lIre h( ( -irrdicui desernsitizatior 
by ,t d(ecrease of' I 7,20-desniolase arid I 7-hvdroxylase activities. Moreover, 
tire extent and rriitr.'e of ilt blok in tire aidlr'ogern Iiios-'rticti' patiway are 
highly dependent upon tilt. dose of' I,(:(; ;,hndriiiistCr.ed.

http:hndriiiistCr.ed
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FIG. 23-i. l''futiOftIi( ejiHiRg (h,,. ot II)-1.CU''"e.l--N1 vlltiiijle'JI1-RI-Ilt 

illjc(le( "I)l(( I tli c tlillcsi it (LN. 
 fOr 7 (laVS (111t.sti(llFr lii/l,(:(; and1(1p)rol(tillI('(l'i)oI< lec (I. ..\ru lit C. Kull I'A, (ov I)Dt ,t (1/.' Il tn inhlil)Jt)l' a(cti~itv of,
I)-l-c+t'.( . -NIl '"I-[LI IRI I c'thilrIi(l' onandl ll/h(;It'%('ls ill Ific Il. l'.h(1) in,hl gg IRI. testiCUllir receptor101: -1893+,, :1 19 1977) 

"To ai1l;v/( thtVi,('i(hoge.i( pailhwaI dulring (esetsitizatiol i(cICe(I byII RI I ag2llist It'teItiIIllt, W" first eXalllledill el thin_ Course of Chillges illtesticul;i an( plasmia levels otf steroid inleitdiales ilfter (hailv' (lnistrationof I gII)-.lail-I IRI I-A. (:hanges in the levels (, testiculailr II., prolactin,an( ISl I IC(.)tois Were (u)rltlted( with chanitges ill ste(l-oi(Iogetesis. The ralioof 17-()fl-p)iogesterooto, progesteron dIe(relsed i(ihl ftolllowiig LI-fIRIa.glulist t1'eatilile , suggesting a 1 7iapid indhitio)n otf -hydroxylase activity.' TIhere 5Wits i, pro)gres(:sive 211(n(Irailitic fall itl testihIllr aIlldrostenedione andtestostetot, levels after t realtllenet (Fig. 23-2). A (hClC;Iese of iIpr)lroximately25%, ii the"(()ti(elltltliois of thse two steroids (1tr( 2, botrs itler tr'eat-Ilet t, wilh it pro)gressive decrease to 5 to 15"' of' cotitrl level 3 days later.
'1The iii hibitorv effctl on 5-x-divdrotestosterorne 
 levels is, however, 1t Lih less 
l)r(tioLwiled. lie decre'atot( 3' ;
tIr-itlltl(1t 2tl folowe(d bY ;a 

of control values was observed I lay afterand was slow increase to ap))roximately 50(; ( (01on
trol va1lues a1t 8 (15's..

Ii ((tilttiust to fte nlillkedl (hltngvs olseved ill tile allloget l)i()syntlthetic
paIthwty, there wis vsery ittl (h121Iige ill testRu 12r estrogen levels up to 8 daysaf1ter tretillelli; h()wevel, there Wats a small itcrease ill tie concentrt'ation ofestrotne and 17 0-estra(lijl in the testes 12 hours after tie firist in.je(:tion of the
pepti(le. The 20-01(1 it(rease of' the estrone-to-anid(h'ost(.leliole ratio ob
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I (vi I;imih onu i(ulun uil (foswilediolle(0), 

t st)Sreloit (0). a i .'-+lihvh-ottsotert. c (M)in illt riats. ( lvinger A, Auldir(C,F l irhd LI.'la/. Vl llt-(o)tws ( o fthe "v ( t (dtiir ' t e 'innw ith a p)o tetn I.1RI-1 

ligI) til II t ' leti ill l le'rlli ;111( gfll d 
;,u;1((a .%Uucloi|Bi(,(h(ll 1:19!!-]96t, 198)) 

oI) I( quilo(l 4 4i opilij)il lc(eptor lIee ls ill the 

s(e(I betwetII 2 anid "1days at r reatrent strongly suggests a correspond
ilig ill(l'('1S( ofl testi(tlia l 1 aase activity. 

raisloiatioll1u Levdig cells, t ll ( of' )regnniolott ieto estosteotile (aI 
(tiltr thitough tw) hijosytlietic routes, the A" and tile. A iatlways. The 
-(elatiV. inj)pottltlte, f (.le two pathwvays varies accor(litg to sP(:ies, tile A 
pathlway ap))eailig to be the Ilain hlosvil etic routte illthe adult ille rat. 
As iticicatelv thye hti.ges illtle- ratio ofI 17-( )f-progesterolc t piroges
terone," I 7-hvdroxvlase mt ivity was a lread significath , d( reased 2t hours 
after the first iiec(tioul of the 1.I1RI{ agonist, thi is, at the time when no 
signili(ait ( hli ge of 1.1 I (eptot levels was (letv' tel. The all)parent itailaial 
itihihitory effect oi 17-hydroxylase activitv was seen 2 (lays treattetit,aetr 
when 1.110II ecepto ICt% were hreaseo ofr11 lels deli to)31( (Ilttol valties. As 
indicated by thl ratios of atlhrosteledlinc to I 7-(0)l-pirogesterote, I 7,20
desitiolas . act(ivity w;as (lecreased, ils() at 24'hlns,atnd! it in;inital itliihitil~ 
w,,tsseeni ;t 2 days. A slilarity of changes of" progesteroie lland testostetrotie 
levels iti the testes and plastma inidicates tlu the ofniestle'flITlt Of'testictilat 
levels of steroid iltrntile liates provides a valid index of envu,natic activities. 
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Our clata clearly de:mronstrate that treatltent of' male rats with tire LHjfRHagonist at (loses greater tha I( c:usesnlg per da iarked inihibitiOni of basalcontcentrtatilolls offtestosterole illthe testis; these cftfects appear to be due toa decrease illthe et/nvniatic ittivitics of' I7-h\droxVlase and 17,20-desriolase.
Interestitiglv, treatment with low d(oses of1 tlie l II I agonist ('an lead to artincreased sttl.idogenic response to oLl. I. Ii fact, after daily treatment withI or 5 ng of [I)-AlI+j.IIIRII-EA f<,r 9 da's, ti testicular tesponse of' progesteroe, 17-( )l-progestcrone, au r istetetedi lirc, and testosterone illcreasel '-vcii th(iotgh testicular I.If receptor levels wet unchanged. Treatmentwith tile I0-tg (lose of the I' IRI I agonist-whic led to a 50(( loss of' LIreccptors-was associat(l with a signifliant i tlcrse testicular aldrostenedione, tt.stil(tulart testostetot, an llasilla tstosterone 

ill 

r'eso(ntses to o>l11. Zipfand co-workers also okliet(rvtd that relativelv low (loses of' l,1 caused an increase of' tile plastita testosteront response to oI+I in the presence (- decret.ased tsoticular 1I recptor1 levels. .1' Such findings raise Itie possibility thatreatnrtiett with low dosts of' IAIRI I agonists might stimulate l.eydig celi finctiont, whlteeas higlh (losts inhibit testicular firt toits.-"' 

INHIBITION OF PITUITARY GONADOTROPIN RESPONSIVENESS 

Although a iarked r'ltiorn illtestictular gorialottropin rteteptors and steroitlog.ti.sis has followed tlttiati' %li 1iIIIRII agoilists, the arttelrio pititiltl'\' (cal also be ArtllitttlItlanrl site of lhrinhtjbitoir action of LIIRI I agorists
Ott r'cproi1 (tiv., flut.tiohi s. Impairitertt of 1te I'ituitarY gontamlotropin Ie
sporisiveitcss has lbitn repol<titl afte. chr(.nic exposurte 'f pituitary cells illtilirv 1t 1.1 IRII1 1,lt'anP7n ;ittl atrrc atc1l adinintistralion of goia(lotro
piri-elt.hasitig p1 itrilhs itl the rat itI ,w.2" Inhiltition oft)II t tespotllsiv(eriss tilr plitutitary gortado-Aft. t(leatcd a(lriijstr'altioll of I. iRil l its agorrists
has atls( 1heclt )lsr',,vctl illrItIrt and % .aIi tiltet illdfI fernte :ttllc(('iolje stattCs'Ilits CO )set'.rtilios raise t h. possibilit\ th,,t an 1.11RII-indticel loss of' tihe

pittitaLrY ratldotrFopin r'csportsi\etrCss titY bt, illpart responsible for tire
pat'araoxical ,tntilcrtilit\ tyv
effects ohst'l\'(l arf':tr I.IRII agonist'tearitelit o adttlt +intactImale t ttieitlent.itls with II)-Alaj-,-.IIRI I-A f'or 2 weeks(aused a 50% decrcase of' thc I.I r'sponse t I hati\ I.IRII (Fig. 23-3).Althotgh basal plasta l."Sillcvels irt.'tes,(I twfl d 1.0IRI I-VA,fte treattii. the pittiitrtV ISI I rc.sportsc. as nmeasured 1)\by t 'ettitca udrtlte1-l'tl
I:S1I (-tl'\c,, illt'dimll.idimigoi 0 ig.'23-:M). 

plasma 

A similar inlibition of' the pitutiar, 1.11 r'esponse to I.1RII after LI-IRHanalog trealirneItt was ob1served ill cast rated rtnale rats. \lthough tire pituitary1.II response was inhlibited by 50",,, no effect o ttthr Pituitury ISI I responsewars observed (data riot sliownt). Furthernore. tire int.reate illpituitary and
plasma I.I and FSII levels after castratiotn was significantlv suppressed afteradministration of tIre analog.

In intact male rats, I and 2 days after ctssationt chronic tirartltent with1.1IRII analog, tIre pituitary 1.11 responsiventess to native 1.11R I as measuredby tile area tlder' tIl iplasna 1.11 response i-ve was still r'edu(tced by 7517%.21"lhis loss of response was folh w.(l bYI'a l)r'ogr'essive return toward conitrol 
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FIG. 23-3. (A)P'ittitary II mnd (I) FS1 response t<)native IIHRI]1 in intact male 
rats treated for tw(o weeks with [l)-A\a',des-(;ly-N 112']-! llRl eth ianide (LHRH-
EA). (L.abri F, Ilanger A, Cusan I. el al: Antifertility effects of' LIIRH agonists in 
the male. J Aidrol 1:209-228, 1980) 

levels, with complete recovery 8 days after cessation of LI IRI-I analog admin
ist rati<)n. Thtus, under the experimental conditions used to demonst rate the 
antiifertilitv effects of' I.IIRI-I agonists in tmale rats, the inhibitory effects on 
gonat )ro 'pin receptor levels and steroidogenesis were usuallyiacc opanied
by a marked lecrease of the pituitary I1 responsiveness to LI]RI].

Inihibition of 11 responsiveness to LHI-RH after IJIiRIt agonist treatment 
4(0111d be due to dircct effects of' the synthetic )eptides on gonadotrophs, to 
secondarv changes of' plasnma steroid levels,"' or to both mechanisms. It was 
therefore of interest to compare the eff'ects of*treatment with the gonadotro
piin-releasing pepticle in intact and castrated male rats. lhe results, which 
(enlotostrate that the LI-IRH agonist exerts a direct inhibitory effect on the 
anteriotr pituitary levl, are in agreement with the observations of' Sandow 
atnl colleagues.x 

INHIBITION OF SPERMATOGENESIS 

After determining that short-term treatment with LHRH and its agonists had 
a dramatic inhibitory effect on testicular gonadotropin receptor levels and 
steroidogenesis, we studied the effect of long-term treatment wvith ;i LFIRH 
agonist on testicular function and spertnatogenesis. After I week of treatment 
with [D-Ala"I-LHRH-EA (100 ng, twice a week), no histologic alterations in 
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tile IcStet-S )f)StlVl I XCtJlt tilIivmsonic legxreep changes in it few semi-Iliilfemis tubile(hS. 1Im-vtr. afler 2 to 8 weeks of' tine;Itnent, mnarked histologicchanges wt.iC if lsti. Al 2 w,,tks, illn ltuules exhibited degenerativecllanges aIld (lislllpliMo ( IoLIe(djllut i l.-weIer, it few ttlIbltleS ap-pteMai-td 'ilativulv Ii.lllll,, ain Illa111!,' sl)entVott wer"e finitd in the epidi+t.viis. tAftei2 wceks of tl.atllll Stlt li tells iII IllOSt tutlles appeared to(ollt~llu \d( Ill)lt'. I his a)ll)lllulitly pelsiste.ll f)r ilwe el1tire (hlration of treat
flllill,

.\fttl M tk,t (t I ItCtlllellt, (lilligt's ill testiculal- histology Were iore dia-
Illato. Altlost ill ttlillltS e'Xhilihittlf sigl), )f 'gle'ssioll. In a))ut 25"<lttil t.,, liltw 1)1.()( .s, ()f (d 'gu.ltt- lio \' vcrt of' the, N,al(lkau ctd %%-illaltilost com p~lete
,bSt.lh f l1l tellsC-. lilt 11(tlkand ( l te Sell. li tclls I' iiiiiintg."' At this time,01ilyk, If,.% Sp)ltllto)/(oI (mild bc seen ill the tliiluitynis. Atel- 8 weeks ofIle:t~lu't, ill tlt t1ltills showed adval cd (fegclilatise changes. However,
11l( h (ll lgt's %tl b l5,'tt.rd ill lilt, lx'.(ig tells it aiy time inter%al. vet lSIlls (iit lltrtilli ralltt stldies itdi(ate that Leydig ellk l'tailtt tlltl 1Mtlllal ;Il)pemtlce *fttl" I io 4 ewc,,ks of' ;adminiistering
it 1,11RII ;ig ist. 

In A ( lof "et hli stlle III RiManahg was adminisdtt. .(l ,ilig I lil, 'flel (hoo.. l1tlllel\ I tig t'i.t'lv sCtmi( (laN rltlirl ' tlan 100 figt'.sl( t' .1 s., l"il wcek, If this Ircatllllt il(ldttd (egenerative (:hianges inll~lo,,,i .11l s, llliflitilu. ttlll+. lilct 

11101t d.1ii IO((d 


*tli e pl'tess (&f degenleration appeared 
011 w&l)5,1iifibSt(( Awtl [I( tiitli \%"fittl)Ohlt 20 t 30(' f(ftlt)llls, lobith gt iulinal lUd Scitol 

thet lower (lose. In 
tells ''re almostl+lllch'ttlx, ittllt (Jig.23-4)...\tuil, tile lxevdig cells did liot show any sigtub ,1111tl l i logloi lIh1llgC.. V ii ultl weight wits lelduced by about 40%. 

RELIATIVE IMPORTANCE OF THE PITUITARY
 
AND TESTICULAR SITES OF ACTION
 

S1illt. lilt 1,Il(ltilit\ It fe Is of I. IRII agollists are prallel to their LH-rehlisiltg ;n livils,td 9' iS hitll sllgestt. 

, s('( itfl(l loss of golilcadl lcptlos 


betl1l sug thI tldogenous LH release leading 
a dl blockage tf steroidogenesis isre,,rp ,sillot t11-lth. utiftl1tilil\. tflects o)bservcd after such treatinent. .'
I It \.-, the (.,f% st'+.vtli ll b. 
 Rippel ald joiliso) that atdtminlistration

(fI . ltlt I I RI! agllist to lly sclll liZe( ilitnatuire rats p~reve.ntsh((G-il(lu' (.d IM I 'cCsl ill 
the 

)\'ill ill we'ight alieadtly suggested l ovariandirect

Site ,f itlil (df tile- i l)tid .C', Mor I-cclitly, adtlire(t I in o ;Ictioln of LiRI-I
agollists ills Al,< hit(ll (f lSClt'.d by 
 whtlr groups at te testicular level. . ,8\alidl 5smllwilt If lilw li t" ilIlpotIIO eI c Of' tile pituitary aid goniadalsItes If tilt *ntiltel tilirv .t lioofl (If 1+1I ;gollists c:ie beachiievei only under17I'll" t(Mi litllS. Allomigh lI RI111 t .dSlileof its agonistic alialogs have
lad dil 1I. goiadll ef'tkits ill Iphy il\scttliectl allinials, 
 lirmacologic
doses of tiltl .1l-tvelesilig pt)lptlts hive bCeti used and 110 dhose-res ponseslldy hls be' limlll d. The Its(elnt study colimpares the cffects of' ill(tlitaillgIhots of t11( 1.11Ri I agonist 1I)-St(IBU) ,, tls.C2y.N_ .I-HRH.LA oh tt'stiu Illmald (Val. inf1l gi, ,01'iItl.Ipirireceptors alind steroidoget esis in 
itiltat tndtl llYp),ih -t tolli/edtlInhe rats. 

http:l5,'tt.rd
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FIG. 23-5. l-ttert of daily treatr I,-Or davs olert (A) intauI or (1) hlv)oX (3 dascmtlIm!) Ials %%it ii rleasirig doses of II)-Ser( l "]-1.JIRI I.A on lesticllairl .l /h((; (plor ht',i. lle ririrlA were s,aclifi(cd 21 hours aflte tIl laist iijcctio)r ofthr1.1 fI I I.golir[ o i Iih ol tc W1', gcllirll-(0.9 ; NMAt ). (So~guir (:, l hlriger A,(:t-11 1. ,1 a: RchLi et"ijrl -olt.Irnof ut al lplo lhw cal and gonadUfiul sites ot
 
11111hi lt')1 11(4 of 
 [,1 I I I1 ago ists. Biol R iprod [ill I) C' l) 

pr-og.',ttro,[ , [I)) signlnf bl'ckage at earl. steps ill the stcroidogeni palthwaywas OJli ,tS.( af~t r t re~arfllcn t, W (l+doses(3 arid 10 rig) of' [I-Ser(TBU) ].1.11RI I-I'A ,t1mulatl thel- rcspollse of' teStOsteole anid alll r)st-5-en_e3p,I73-dioI, but hightr dloses had a nilrked inhilitorv cffect. Basal levels of .'othilrdrolestostu MIR.were unchang.d after treatitenit
but tIhe resotnse to oilI was slightly iceased 

with tire 1.1IRII agonist, 

Both 
at the 10- and 3 0 -rig doses.basal and ol.hl-inldnced anl(lrstanie-3l, 17p-djol levels increased afterIneatnietir with 1) tn 100 ng [)-Str('iIih),.l IHRTI.-A, t Iussuggesting in

creas. I 5'-wihred1cas.e a(tvity.
A verv (Illrerent pattern of basal as well as oL l-stiluilated testicular steroidleels was found ill testicular pregrieniolone and

lhpox animals. Although 17
11 l-prcgieniolon levels werc riot (etectabllealv (lost ill thle.se anir als, trtraullent with(I to I0)) rig) nf' the 1.1fRII agonist led to a marked irlltibtion of'basal tsticular ltvels of, all steroids. Moreover, ill (lorlast wilh the narkedchanges of the steroi(dgeri response to oI.? observed ill intact anlimlalsIreated with the LRI agonist, little or- rio effect o the sante treatnett wasWenl iln hvpox atimals (Fig. 23-7). Ifr fact, oly a slight (approximately 25;1,tP < 0.05) inhibition of tile teslosterolle response was sten after tretil cit 
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FIG. 23-6. L1tlt t t ai ly tretment fu 9 davs (d, inta(t aitulh rtts with ilicicasing 
doses of [I)-Sct(IIit )"j-I.l IRI I-IA on oI.lII-Stitildtt testiiilar lcveIs ()I 
pjrgiiciiu loi c, 17-( )t I l ciu-u lhutnmt,,ndiosi-r-cic-313, 17p-diol, prigcstcu iic, 17
( f -)ttI, m , It+v, tm-d illN I t -sctw getemi,.u l'l{}cimi, witmic, andr,io ,an-'3ul'Tf3-dio~l 

and iuittosi~ii-1 17 13-iiul. flic miiaiil ii' ',(rifit cd 2.th urs alter the last
 
ini'c(ti(n )I ihc IIIRII ,liM,uNt mid 2 hoiu ',atltt . (dlI)
aihinisiiitioti 10ptg ot1I.
(,'f; ,l h ,I.L i , m .0'1 / . ic i l ; t c ' ,p lINy a lel il (C u g c l A , (C ,,,I Rl l k i nf a l v , (d, t h e lihim ,c 

and g ll'iuM mus j fmi t .I BOi', Ript td liti pr ss )II)I i 11ttin I II I igtiMisgt,. 

wvith thc t'' highiest hscs (Ii the IlII agonist. The 17-()!II-prgesterone 
reITI,)Ms, itreased tl' -(,ll) and tIm significattt change was seen ill the 
r. 	 .pminsts (f the sevci ,ther seter idIs ii astll-eid. 

As mt'ntitmtd,( lrti( trcattlilcit with 1.1I IMI agonists (an leadh to a marked 
inhitbitin (if 'pcrlto;l(getin sis il tte it. siginificait degenerati'e changes of' 
the setninilerms tubles being alreadv o(stcr'eud atter 2 wee'ks of treatment. 25 

To deterimie whtethier t-c 1.11RII *igoiust pr<iuicets these cftfe(ts by direct 
actiini at the testit(Itar level, hlyp(ix rats wee iniettcd every second day with 
100 fig I)-Sle(T'l , )j-L-IIRI I-A lor I l titittt beforc htisto(l'gic examitliation. 
Treatment o)fhypox rats with tl,, 1.1IRII agonist had no effect otn the his
tologY of' the testis (data not sht(in). 

TESTICULAR LHH RECEPTORS 

The first step in the ctitio od 1.11IM agoists in the testis is likely to be 
binding to receptors. We x,,mitited the possible occurrence of' II RI- recep
tots in all enriched Leydig cell preplration and studied its biniding charac
teristics 'ising thi potent and stable LtIR1 agimist [,|'2511 )_.-Se(TB U)fi]_ 
LItI-EA as io<dinated tlacer. " This agonist hinds to a single class of high
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FIG. 23-8. IDispla (cmem of [1 1 I)-Svi(HU b'Ii(IR f'loin-Afind(ing isoltedI
 
rat t(sti(IIl il 101(1 fitiatf ils h%~ a wple(I)IMMlti( gWLil of 1.11(RI iitahigs. (I.efefwre
 
FA,\ Revs J1Se .glluCii (1, Spci( ifi binin~lg of a po)(ill 1.111M ilgollist ill lit
 
testis. Mol (:l-f End(u ii ol 20:1 27 - 3.1, 19SO()
 

sliggestsihtli (cldog(ulioiis 1,11 lelase is larlgely rcspotisibelo forIhce iftilt 
effects of dtese pcpfiles." Ini support uif ftte ll1.i)or t-ofuof ertdogetuolls 1,1 

the lluIjo'vefcsohevfferli tet with 1.1 RI I ;lgolisis (icliud
ju iggtet mrort of Owc scliuiferous tubuctles anid .sje(iOR liockage of steroi
(fogettessIs It(- idc(i,dloti ifiost oIbtaid~ Awlt ticaltlit'il wlitIi.1I or 

Ii 2(21 

TESIFICULAR LHRII1-I-.IKE MATEIKIAL. 

IheC ('icdenc that 1.1 RI I le(tplos ha.ve almtost stt)citttf)posabIle binidinig 
clt~l1la cist Ws ill IluIt(t cIlol p)tit ltav and testis indicates Ihat the alltifeCtilityN 
effctis of 1.11 RIM and ifs algonists might bc piltllte(Imciatedf by thchr actiolon 
tifrotigh 1(1icu HI(RI I lU t'ptots. m1leastl witfil high dlcsof tlie II RI I 
ilgoilstsalceused. 1.1 (1M (corn(el.1ftionl Iln fie portal lblood systiittof le tat 
Ilits liteft 1(pol-dtl .50 pg/ttill.' Tis obscivilfionl, (otfflbilted wifth thle fac 
that 1,II1RI,u ulufd aflO-fohi lbtt1scii fthe potali clircular iolnd th,2(ju~'gular 
vein, ttakcs i it mlli v' thti lix pothluaamic IAI(RI I could have af physiologiC 
action ouit test] ttiatr IAI RI I t i utpof. I loweVer, it is also unllietcted to htavt 
specific tesicular IAI RI I lectjptois that are tinot itkecl to atphIysiologic Ittic
*ton. Alttotugh 1lit possibility of' ant actiont of hyp1 othalaic Ie (Ri I att tile 

http:Mechani:,.ss
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FIG. 23-9. l'tion Profile ofl-H-releasing activity from rat testicular acetic acid
 

extract (<50,000M.W.) from (A) immature and (B)adult rats on an HPLC C-18column with a gradient of triethylamine-formic acid (0.25m., pH 3.0) (TEFA)a(etonitrile (901;,( to 30% TEFA). ILH-releasing activity was measured in rat anterior 
pituitary cells in culture as described. (I)rouin J,Labrie F: Selective effect ofandrogens on .Hfand FSH release in anterior pituitary cells in culture.
 
Endocrinology 98:1528-153.1, 1976)
 

golada level in ust bc firtlher investigated, the presence of'pecific testicular1.11 kI receptors suggests that I I RI secreted locally may be involved in thecontrol of testicular activity, a new area of investigation of great biologic
interest. 

As ill ustrated in Figu e 23-9, two peaks of LH-releasing activity are seenaftt'r separation onl I1PLC C-18 coltuin of testicular acid extracts from immature (A) and adult (B) rats. The first peak of LH-releasing activity coeluteswith 1.11Ri. Sitidies are in progress to purify and characterize this LHRHlike material fuither. A similar two-peak eltion pattern has also been ob
served in oV; ialltissue.* 

SUMMARY 

From our findings an( surve,'s of other research, it is evident that treatmentwith IRIRH agonists can callse both gonadal and pituitary desensitization. Itis thus likely that the antifertility effects observed after LHRH and LHRHago: list administration result from the simultaneous inhibitory effects of the 

*(;od lxt M, L[ brie F: Uinpublished data. 
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synthetic peptides at the gonadal and pituitary levels. However, from the 
present in vivo data, it appears that gonadal desensitization induced by LHRH
 
agoni "-induced endogenous LH release is the main factor involved.
 

REFERENCES
 

I 	 ARisIM kA\ V SI RAI-NI I'. I,.5LBil s et ill:Reduction of testicular hiteinizing inrimone/huniall
choioriic goriadotrlopil ret.el irs by [l)-T'1-luteiniziiig hormone-releasing hormone il 

1 Ia! Bi 
litAAIRC. iLANI .(V .I nSN I.etll: Elfet inhibiteur de laI.IIR sur lcsr cpleuis de lLi1.11 

dims le csli le lie, Ir rat. ( 
2. 	

II shvictt(f1 its. eii Bitplhys Res Coni ni tn 90:687-i93, 1979 

R Aaild Sci [DI (Paris) 1305-1307, 1978 
3. 	 ;%1(],LAIRI i .,I!. PA, 1)11 CI ;i1:)Nl P tenit iiilibit:ry acti'itv of ID-Leo ,des-(;v-gll.Y-.I IRII 

tcilllaiiiide orlilhIC'(; and PRI. testicuilar receptor levels il the rat. nd(rinlolgv 
101:1890-1493. 1977 

1..1A I IIR (, kF I 11 PA. IA IRI IF t iI: Ithfbitiion of testittilar l.tl/hCG receptor le vl Iv i'at-
Iienthi ii I p)o tent I.tiRII ;gonist or hC(;. Biocheit Bioplhvs Res Corotiun 76:855-862.
 
1977
 

". lfLAN'I-R k.%I lAIRC.I-RIAN I. rt Ai: 'imiie-(tttiise of Ihe effe(ts of lleilnllentllwith a lotent
 
I.l1RII ig ,ist olnicstictilar stertidogenesis and gonadoltrpini ieceptor levels iinile aduhl
 
IiI. I Stciid Iliodhie 13:191-196, 1981)
 

6S. 1IAN(;I-R A, At (I.IR (:. iffl(;lINc el,li:i)own-regilation of tesli(uliar ami'hrgeti biiisvnlhesis
 
anl 1.11 IIIr plol tkl hy :1n .IIRII ;tgo ist:Role of pro actin. MoI (cillElndocriloI 
I '1 7--. 1979 

l.\N-" l KI I-.I7. 	 I1tI R II %.v. A tl a: ilIihitor e-c cis of a sigI c i Iralasal aIII ilhislr iii

of Il-Scll(Ill'.des-8l,-Nl 1t'j. I.Il agorlist, oil seruni steloid IcvcIS ill t)lial adlili
 
iii. I Sl ioid li lin 13:123-126. 1980 

8. 	 III .lI c. Nl lllS 1J.IliRitl I Cl al:hllhibitoy elfhcls ol g lailtilli ill Sc(leltion mid
 
gol ldal folljion ill llntlltiihiig ciiroiliC taiilnell with it pOlt SiiiIAio t~lilililig
 
iotlllolit-lticitillg Illilille tiliglue. Ait 
E:iiocTiiiol 91:601-1)3, 1979 

9. 	 li , R. Ill iI ER %,. tIN; . C' a: Slii re tiolet olaire dii ic tillip lh;ilniiqiie (LRF)
tillg g il(ll (olllifeiilll ka s-cr~liolil de I'lrliole gtiladolropel popllysairt. CR Acatd 

Sti .I) 273:161 -Il613, 1971
 
ll \I 1 1, 1 A . 1 V\0 , I - C ai: Luilt'iliiing littritint-releatsing lloliilio ie-ililiced reg l

1 I 1 

1,i11on of goli oii 
 ,llhpi,i:(l loila liii l.(c. ors i the nit testis. Endotiiioiogy 10)1:17-.25, 

I-I.\()[ Cl11 i I \(\ IM \Rt .R k I i : Teslictilir sttroidogeiicsis aftlt hilliall clin rijoiiit gl
filild lliiplli, l -stiisiliilio i iti lits. j lliol (:hein 254:561I,-5617, 1979 

,II t \il. A I1 KI: Regiilation tf 

ilogtzcltiS il giitlhl llin-lest.tiittl lestlig cells. j. Biol Clieni 254:t297-4130, 1978
 

12. (l1, \ . I i 	 ilteinizirig hllo iiuilie itt-eplu S alil sltroi

13. 	( AV I)\N iR., I.\Ki Si ..\R R.,\Ill NCAN JA ctlA1: Raidioiodinaied tindegraalabl, gonadolroplti
itlta ing hoill 
 ilt iigs,: Nesw probes t)l tie inestigation of pituital, goliadotroplil
icle'iiSii horlilt lit t)ltit5 Liistitrintilogy 105:1 359-137%, 1979 

1 I I SAN I \1 I AIR . lliANtt:R A el al: Inhibitory effects t itlong-lerill Irealment with aii

1.1IRII ,igoiiol flile pililiry-golladAi 
 axis in niale and eniale rals. Endotriiology
 
lt:1369 - 13 76, I179
 

i5. liAVlE, 5 IANS. \.i SN
i- IF,(t .X- \ ei: gonadtropin,i el Retdlt(c rtisponse 1 releasiig lioni d 	 tlilllHeaiirt't1fhi t illIlitl,(li,11
iin totimp nl t int'ii.Clin Endo)t-tinol[6:213-218,, 1977 
Ii. , .tilIiRI- t : Sdt'itt uie efec( I of ;llll-rogens oil l i nl 1511 if'leasei n alleir itil lliilvr 

tills iii i tilli\lt. l(i Ii tiin lopg 98 1528 -153,, 1976
17. 	 1 ,S-VRI, el al: itisAkiIRi 1. Sill .L RS Pros aglandin -iiidoct-eil ttlease of I.IIRII ililnto hypl

lulls si pit lttiti lltlt riiiologv 97:861-824, 1P75 
18. t1 11 Ai W 

. fIRIKs)N (;J:Lxlli-illiillv inhilbitionll leslioltar function h,' hieillizing ion.
llOllte-lt'iSinlg hill ilt,. Natire 281:166-67, 1979 

19. 	 KR.\IMLt. S,S l.\KKl.:lA.K Nt: (;ttia(ltsirriiini-reteasiiig hoIlloile (1.1111) and iniaii a ciorioliic 
gllaitllopin ill the I ;lieneit ut Iwo boy-s with hiypigonltaoiropiphic hyptogunladisiln. A(:ctl 
IPatdiatltScanid ti:36ii313i5, 1977 

21). LAII,!E.\l' AIR (. I.TSN I. ci al:Inhibitory effects of I.IIRtI and its agonists tiltesticular 

http:10)1:17-.25


260 / Physiology and Antifertility Effects of LHRH and Analogs in Male Animals 

g llldlIltt pjill e(epilots alld.1)illltogelleis
prl(l tIo FIalIJI (iollifi{ t ioli, Illt .j Alitol 

ill Ile lilt. itt li illsOnl V (ell): Enldoc: tle apf(Suippl 2): 303?-318, 1978 
21. I.\lip I-F l tI.AN i+RA. i I( \N I et all: Antileriiitm effects of I.ItRit lgo liss in fie nale..jAtill 1:209--228, I19(t
22. l vtflI\R I.\ Htv Is) I ;I II,, 	 hNlol (Cc~f Fn'oli icl it]: Spe ifih hiitdiig oft inol 20!:127-13-1, 	 ipotct I.IfRII agotlist in rar testis.I19t80l 
23. .\ NI toilt. IIl\ ). ',AIR RI(, t A: Stlr til t c of tile jiti ti l mtidlI 1ISi-releasi gI. lop slijltot.d IISC(tNIItte. l)(i1tC ll, t)Is 	

n iormone.illoliil) 
2.1. NIoH I 	 Res (lintitil t13:1331-1339, 1971tit H(t If. \l N111 .I AS, lisItP. HA ct al: (,onttoliolii-rei.asiltgit', opogol;Idail minae 	 totniontte therapy in%ill hittlthtlani( o- pitUiir (l'ftint lion. Br Med .25, i I itI iR' , I 	 IV:617-621. 1974\.N I. Al ( I tIR1,t al: ihtiltitionI of spillu iltogelesi il lht tilt lit l treatmentwith fI)-.\la"dcs.(;Iv-NI i., ]-1.1lR1 I elivlatiithv. I.ndotiiilttogv26. !ui'lt. ii, itifiNsoN 	 103:64114i,13, 178I ,: Inhiition olt otf -inth( (Itttii ittill itilt 	 -

id Uterite weight .u1gtnlenrarionifilal bN ,tl.iihogs t (; nRtl.27. RI\ liiRt . it\ 	
rtc So(-EXp IBiol Med i52:432-136, 1976t . V.\ I',v (itliit (f et',ts of 

olte.releasit ff plotithi tittstN itt 
)- 1l)"r ,Plo",NiE-tj iuteiniizing htirnt g

the iale tal. Fttdot-Iiology 105:1 191-1201,28. SANl<W I. %'VON 	 1979RIt.hNIIR( WV, I-Rz/Atf.K (; ethiglii itrv alltfog of 	
i;i. Pituilar gottadotroplhhi inhibition by aiutittizinig hiorillne-releasir.g hiormtonte. Fertil Steril 3 :205-211, 

29. ', , \ (,IN Rt( Iftt I I((, %tki tNt.l 	 li.s oft I.I IRII1. Ilt(l ll 1), 
wet iil: li sioogitAl sttidies' with highlY active\'ocket Wt,(cdls): Il<lh ulIna ll Iflormliies-(heill aina

slry,,P yilogi ,tid (lii al .\pti
30. 	

,illilts, pp 3)7-326. Weitifeiiln, Netw York, Verlag-Chinie, 1978so IltM.\RI P, I I IN I : lii,,ltosti( 	 aid therapeutic tt . if 1.ARI I itlI:, NIcitus 1. Pi'tllt 	 ile infetileutG',s: I k 	 triali. hi labrietlaiitN aitd indhrin inelills, pp 73-91. New Voik,
PIh- liit PIcttS , 197631. 1I I.N, < t " (I I i',N tt il: Relaiivc iiiolitee of titi atinoivpophisea antd gioim l) ties of i hiltilbi ,t li\i ll h IJIRI I , tgoili,ts.Biol Reitod (ill pil32. i tRiEi it Ill \,I R tiNi svNI) \t : 	

s )h of fi itllluc 1,ii R lig lit (ill v 	 tll 1601ithill aigoltist of hilteitiiligi li ili tiolllA +hlii t, i in i )lllir\ aild (Usti(ut 
l li lolie

a iliC l 1titoli illifile
 
ii1. I I-,i il t ji i l 8(1: 2 l.t257 . 1979
33 sNII Ii R I \I 1N
It R\. 'tII R I\ et if: Noi ' hlladullit 'Int t illictsWi iih ; ild topichilt °to ttltia ili ftsiultd ulI let tltlv Ito o 
do( iiliol M c 	 tr I)-ll i( NiE2 Vhlt. .t l. "t8: 16i7 170. 19791	 -')A.j(A int 'il-n-i 

.1 1It fil \KI N Rk Ill I x ( ttI / t ttt t t 1 ,1:t \ .t I tt lli tiiclodt du it ls sitah(' ll tttli" .thc.'-( 	
-l e itrtje si of*ih-Nil ,ii111RiI ttlu'i hirhcI it uiah. lal,. [:.iil Steril 30:600-603, 

.71 ItItl \Kl kP, Ift I .\ Ht/ I . II t (lllt tNi ;il: 1ths'i.c s o an,41 PiVI 	 LIIRII aitilogut: in italeilitivd tilh vltmllIo sellsoati. I Rctsiod 1t(c11Ii / \R I \ 	 5-1:-1-1I--l15 1978% \ Its I. "( IItXII \\ el i: Stu(ss fll I tiut iol of ovuatitonlItilli/llhig l lmimit-li-liIitg 	 with synthetic iu-
Iii72	 litit iioilt. it tllism ilittlIN inif rtilitl. I triil Stetil 23:1672-674, 

37. /1i'i tIt NIl.t.t Kill II HI Ptit lattiii, giowt lh li lt, ahtir I ilcinizing httrnionelilllllii l 	 in IhectI i,, it i lli titiiiltg horti lttito t ,etltl',. indn irinohlog 103:5is95_600l , 1978 



24 
Antigonadal, Antisteroidal, and 
Antifertility Effects of LHRH Agonists 
in Male Animals 

K4LYA N SUNDAIGM 

NAI-GONG WANG 

C. WAYNE BARDIN 

Manv analogs of IiI RI{ that hav'e becn synthesized arc morc potcnt than 
1I1Ri1 in reh'asing l.11 and FSIH \ehen adtiniistered frequently in large

" .' '(loses, llty exhibit atifc'rtilitv t'fect.s in stevr'tral sl,('cjics. " The Inechanistus 
) l't.' l 

not understoo~d (lmphtcly at present. lThey' \ j . '  iginl believed+, l 
toepro

by 	wliih it'sc p.p l idcs ieh ir antifeitilitv actions at' t-oillilx .n(I are 

(111(c aill of Owni e'lict'ts hbv wI ')"t ili(r hSw.. s l 1Cu IC 1tw 

studies h1t\(, shown that sc'\ual : as itsmHists %tcll III RII have diic('t inhili
tory effetts o t t lit. gonats, is te'idc.('tt'(I IX'their iility to inhibit in villhi 
stetotid(fogcit sis in <th th'stitnltar anti o\'ariatt lls." Tlht'se F)c)tilt.s have ' 

shown i'tc oidf1 ;1(1i\it\ i l nilb' j.t iclf ttii l)jt' <noti\.e tl'at lS. 
2 7 

lhe vario , sitt-s f ;Ioiitll of I.1ll Rand its agonists ar' scht'lati(aIlv
represented in ligurte 21- I. ( )u effect (f thest lir'ptidcs might h' t) tticiQ
the s t1ficsis and r(.It as. of 1.111MI by the It;l lithtlatlus, but this hits 1O't 

-beeln t'xtceniv'lv in\'slig;t.d. 'li' ,t( ((nd tiow t'xtetnsi'ely studied 
action of I.I I, I i's oI tilt' pitnitary. A( u ' t(lministrationt leads to a lt'Iease 
of' large atll<ouHolts of goladotropit. After htg-tcrIllt l a dctreatmetnt, therc is 
Sc'tizISi/ati ofti l t1 )ituiti\ atlt impairtd gonatfotropi rel'ase. 

A third silt, of ;1(iioli is al the gotn.ula[ Ieel, wfher' the 'ffec(is are exhilbitt'd 
ill two ways: 

A. A c\tu wtill( r e.as cs i nl stcrt ln g o na d oltro p in s p~r od u ced by LI R lI r esu lts ill 
dow.n-t-'gtlation of gotadolrott ntu rceptors and t-edticed ster<oidogcic 
activit' 

2. 	 Ihe agotists also I t icrut ctflets ("t the gonads to decrease gonadto
tropil. torI)totIhex eIs and inhibit sl,<)if()gencsis. 

Finally, 1.III ;nd its ailists inhibit the, ;t(ti(ons il lnruogens and esttogetis 
oilnale and fnmalc rept'o)u(luttive t ,ats. 

T~his w,,,lk MUlC,. 1)+lli asp llof 11-C (ollit~im prl- aillll Slpons lludn 
cotordihnated b\ lite Inltll|ati()ll1l (oi{+ lllim Ct oo oiltlllimet'I iVt. Rt.scalth of' Thel( lP, idlation 

w,,,,lds ,l( 	 tix[kdevechlpme~nt cl 

(ountil, t, N'w Yoik, NY. Ah 1hueo :tialsoppol ploidcd h itu' eFold Iound;ition and tileRockefllh'i F"oulnlanli is glalthItlll a ,knon+ch'ged. IThis work was suppoi ted in lairt by (,rantl 
tHD 135.11-*11 oioo t Natio naol istintnc (i Hallcth. 
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HYPOTHALAMUS 

ANTE RIOR 
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LHRH 
LRANALOGSANALOGS 

OVARY TESTIS 

Estrogens Androgens 

UTERUS SEMINAL VESICLES 

VAGINAL 
 VENTRAL
 
EPITHELIUM PROSTATEFIG. 24-1. Sdieniatic representation of dC'tioi sites for 1.1IRHIgonists. 

This chapter discusses the ant itestic;Ilar and antifertility effects of LHRI]agoltists in male animals of several species and f'ocuses primarily on cxperim cxts from our own laboratory ald related studies in the literature. For these 
studieK, 1Ii- p)-D-1-is ,ds.(; "j.LHRH-EA (1)-H-is) and [D-Trp ,desR-A(provided )yDrs. 1. Rivier and W.(',li 'ornia) have biologic activit ies of 210 and 1,10 

Vale of Salk Institute, 
" x Li] RI-, respectively. [)-witrl Ne- (splie d I)r. A.V. Schal h, V.A. i lospital, lulane University, New Orleans) has a biologic activity of 60 x I IRIt. 

PITUITARY-MEDIATED ANTITESTICULAR EFFECTS
 
As noted, it was first 
 proposed that the major antifertility effect of LH RI]was mediated via the pituitary. Representative experiments supportive of thisconten tion are illustrated in Figures 2 t-2 and 2,4-3. Administration of 10l)-Itis to triale Lgrats caused a rapid increase in serurn a I-I levels that reachedpeak after 2 hours, then returned to baseline after 8 hours and remainedwithin the normal range over the next 8 days (Fig. 2,1-2A). The testicular 
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FIG. 24-2. Changes inl serum11 1.1-, COzo 0 60 
serum testosterone, and testicujlr E.11 a-, 

receptor levels after ilhninisti i ion of' e 20 
10 p.g [(iOT-Bul)-L).lfis',dcx.(Il ''i-. 
LI-HR--EA(D-Flis) il aduh male 2ats.hours days
(Mfeanl - S.}, of- six rats.) TIME 

resplonse to tile 1C(:l1C il rease ill serloin I.H is shown in Figures 2-1-211 aill 
2-1-2(. Sc rtiIm testo(isterole (T) levels also rose ral)!(ly and -eache(l it peak
after 1 holl aritd relltuned to nornial rintge after 24 hours. The testicular 1.11 
receptor levels showed ()1 significant (hallges over the filst 'I houi rs when tile 
serLi lli 1.11 and testostero ilc levels had reache( their peak. By day 1, there 
was a considcerable loss of I.1 receptor activity, which reached fie lowest level 
bv day 2 If'owC gradually returling towards norimal over"severl days. The 
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FIG. 24-3. Changes in serum FSH LL 
and testicular FSH receptor levels - 6 0 
after administration of 10 Itg [(im-
Bzl)-DlHis,des.(;lyl"].lI , lEA(D 
His) in adult male rats. (Mean ± S.E. 
of six rats.) 
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(feclease I tLsti(tfllll 1.11 receptolr COlicelntratill ill res)ontse it) L.1IRI orI itsagot)ists Ills bell allri)llt(f I tile. releasing hitlltioc-illtic. increase in]serttlt 11, sihcv sittilarlt effc( ts (all be productd by tile a(ltlliIIstrat ilOof 1I-I 
0Ir hI( :(;i , 11.21
 

1)-I lis ils() (atisdtlanl tite illt .lse 
 ill seltIt IN I levels atnI a )rotractecd(l( rcas ill Iet0'tilar 1S I rt( elotor levels (Fig. 2]1-3). I'he (lecrease Iit 151'tr(e'l )r ()ll(tlllltll) slaltted etlir titan thai of 1.11 and was noticeable 4h<otlus aiter ad(iiIstratimot of 1)-flis. Sia(ltitiujstIitioij of 1I11 does noteml to I sitilar (lepletion of tcsticular "S11 teceltors, tIle observed decrease;Alter 1)-Il,us;ditittsttatito could be due to an int'as i Se.t IIl levels. 0Irtdeed., ,,dmiitristtation of 1SfIo11 tlocalscilats has beent) rpt ,( 1 a reductionil testidtilar "Sil Ietueptor levels alld a d( tease il tleit iMvitro teslictlar
:detn\sls I (\ lase re sIponise to 1.'A.-lte .a(IIttitstrtt101 I its agts euscdof 1.1 fRI,M goti also it (ftt-Ci.se illlestclt l)tollotiht (l Jl.)t(eplf o()t) tuc tltatit.o 2 tnlike tl situation intl. (ws of, I.I and I"SII letlitors, a (a (tetse ill PRI, rcep)tos is not ass)(ilted wsitilhI, iantttase in se-rum PRI. levels. , Silce. admitistration of oLIfof It("(; (all ils) (;loCs a tettimthoti ofI lteSlilar I'RI. reepjtor levels, the1.1 IRI I-iuto~ de relea, ill PRI. re(eplors is believed to be duc to tle acute 

il( Ieas' ll 5tttttt 1.It.
.\lhhttgf it is gttt'rall, believed that the atiligotadal and altitiertility e'ff'( , (f 1.1IRI" 1tod its agonlists are ltt(liatcd t(lotigh the )ititar,-, several' t sho Ii Ihese,, peptides also hae (lit'e'(t aittigotadal effetis both in

7 
I/P t I ,' .Il) ,1,1 1 

Il RECT INHIBITION OF' TESTICULAR STEROIDOGENESIS
 
AND LII RECEPTOR LEVELS
 

RipvIl Atl Jolhtnsoti wer the first to(dioisttiate that a I.IRI I agonist has
(lit1( t i tihit0orv efhcts on 
 thc ovary with out reqlliritig the pitttitary. Similar-' 
M )tiosof tIIese jieftides have beeti denIoustrated (,tt lh Itests; Fl:igture 21-4
illosltates a teplesettive experimetielt. h(( caltltsl a sigtificaltt decrease in
tle lesl( tl .t1.11 tece t) r cot -cttitrttlo~;ll a sigtili(,m t itiICe 
 se in1 SC'Itt111I I it1iI\l))lhvse<tat(itit( d rts. 1)-Ills also plrodu(ed a sigttificu t (he
tTut ill +tstoular 1.11 rc(e(ptor levels, but 1111(0 vffe(t ()It lie ser tllI(ltd ('ll alliiult which was already how owin g t() ~ o)l)ht5,o,( tlv. When )-I1is
wads I (lflit listeetd with lt (;, tIhe sterodogu t(tioll of f(:(; was 
 inhhibitedit11l stl(tila 1,11 lu ept(otlcn(l t1ratioll was lowcl , tllll 'witl( ';(i horl-lllewas tdtIIIiIisletf aloite. SiIttilr illlhiitor (flut'is of 1.11I I and its agoitistsfilt( +Iv Itte'stt 1,11 Ic keptol, 11andstetoillogelesis ill hvFpophscctonizte

rats Ilv etel)otecdd v others." , d 

lb fttther tillodrstaltd h' .Ieeff((tof)I)-|Is ott the testes, we studied thetitt( (tlts, of its exttapilty actionts. IIVpophIxse( totttII/el rats were given"(5 kg oFSII (lail, .fodavs. Soft]( of tlt( rats ils() receivel I) Vg )-I lis daily(or I, 2, 3. ot .5 dats. ()it tile foilhowing day, the rats were gi\ct h( (, (5 IU,II'): 2 hlors Ilter thteir sertlt tesltosteo lle levels were i1vtasturec(. As shownttl Fig. 21-5, 1;, pr()(hed more, thant a telfol)l inr(ease ill ,rtlll testoster-Otte levels. (Co((totlita dlldIministrationt of Io) pg )-I lis (( (lay.s) did not alter 
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the response to IC(;. IHowever, when l)-lis wasresponse to hC(; was When 
adrimjistered I day earlier,diminished. 

Iis the duration of treatment with Dwas extended, its inhibitory action ol testicular steroi(logenesis was progressively increased up to 5 days. These observations suggest that LHRHana gs re(unire at least 2.1houris to exhibit a direct effectita exptin on the testis andtile intbi 
 to denonstrateIllayexpli i an effec: onshort-terln i in nab'1;Iility t Ley'dig cells duringbat ion.' order(l to determine whetherulir effects of 1.11-Ri the direct antitestic,
analogs ,are tiiqune to rats, similar experiments
done ini inice. 

were 

SPECIES DIFFERENCES IN SENSITIVITY TO DIRECTANTITESTICULAR EFFECTS OF LHRH AGONISTS 
If ,'pophysectonrized lrats and
cach aninlall received oFSHl (5(0 

ife were crirpared inan experiment in which.tg) withi or withbout l)-fHis (10 fig) daily for5 ,tls. ()n dalv i, boti mice aid rats were given hCG (5 IU, II)) and serumtesIostt lC wa'IS
lneiisLrred 2 ihou rs ltter. The results of this study are presen ted in Figtmri 2'1-fi. As extectcd Iroli previous experimen ts, hC(; causeda teinloll idldtease illIestioseione levels in l"SI I printed rats. In rites receiving1)-I !s long with IS! t,the steroidogei,. respollse of' tile testesdialiatlillyN rcdrde t hC; was(Fig. 2.1-i, lett panel). FSIl-prinied mnice also showedaIIcst i tilar slteit)id()g lci( response to I(:(; (Fig. 24-6, right panel). In contrastto the cle(t illratts, however, 1)-Ifis did not iffect tilretosterl, t((;-stiinulatcd tesst.reSii illrie(c. [his unexpiectcd finding wasI1-lrl/',cs-G INs~ (onihiecl tsinglI I I ~ . 
,\lirrost all rc'po rts showing the direct airigorllal effect of 11IRH .tgonistsrav1,irtililc ratts. These resullts, which demonstrate tile (Iifferenrces between 
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(1)-His) noinhibit tsi(,tli stcroidoge, sisiln hr'pophivsct,oilj,](l 
d irice. Hypoplhysectomizedrars an(d mit. %wi givvi' ol:Stl (5(0 tg) with or without )-Htis I'r 5 days. Oir day 6tiely were given h( ( (5 IU, I11), killed 2 hrots later ;rid scrum testostcroneIieasired. Fa levelsh hi1 lp escirs icart tbar S.T. of six to ten ;nimals. 
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rats and Inice iii tihe sensitivitv to the direct-effeCts of' IHRH analogs, suggest
possible diff erenices i II l I c + Sptci's. Such differences may play an important
role in die iechiaisin of antifertility action of these peptides. For example, 
I)-Ser(TB I 7';),des-( ;l '"-1. IRI I-EA was a imuch lore effect ie antiftertility 

-agent Inl dogs than in Ias.Yl 

ANTISTEROIDAL ACTION OF D-HIS 

Recent evidence suggests that apart from their effects on the pituitary and 
gonads, I.1IRIi ago(Jisis may have antisteroidal a'tivitv in both male
female rats.2 Administration of D-His to castrated rats along withi 

and 
testoster

one pinryliotate (1"1) iIlit)ite(i adr(h' gen-induced increase in ventral prostate
and seminal vesicle weights (Fig. 2.1-7). That this is not a pituitarv-nlediited
effect is illistratcd bI an exleriinlcnt in which hypolivsectoniitcd-castratei
rats were given lT with or without )-lIis. The results sutniiarized in Figure
2.1-8 indicatec that 1)-I 1s has at aitianirgenii- effect even in the absence of
tie pituital-y. Alalogs of I.I RII have also been Showll to inhibit the Utero
tropic actiot (of estradiol in rtiS'- ''. 7 and to inhibit tile decidu'il illirCsonse 
iseuidopreglnatt. ovari'ctoiiii. rts te€ eiking optialll (loses of progcsteroie 

and tstiadlil., 
lo assitre that tilt- ntiaildrogeitic ai tion of IIIRIH and its agonists wete 

nt 1tiict o>11tc iale eprodcitive tla( t, we chose a dlifferentcLnd point fbi
further study. In this cXpIeritllt'lt, th- itidrogen-induiced incliease ill 3-ghl
('llolidse ill mouse kidiinv was exantitted. One week afte castration, Iale 
tiiice were givetin I1 with or without )-Ilis or 1.11RII fow 7 days. Figure 2 1
91sho\Ns that it(e androgcn-induced increase in kidney glucuroiidase conen
tra!iotl was inhibited bv 1)-Ilis as wvell as by II1RI-I.
 

Mo<st stctmdal and llmnstecmidal coInpouiids that have atiIanidrogenic ac
tivity are believed to ext t lieit effctls ib competing with lestosterie foI

biiiding sites ow ,tII(IgeII rtceptors.' . Ilowever, studies fr(oln 
 orill labolatory
indicate that III RI I (lows not bind to androgen teceptors ii, the ventral pros
tatle of the rat o)r kidneys ft fhe mouse. Whatever the techanisnl of action,
(l1rollic trIatIRnit with pitnt 1.1 Ilh I agonlists may exert significant anitiste
roidall clfcl ts to, ('rlhititc or tit iv their"antif'ertility effects.
 

ANTIFERTILITY EFFECTS 

(:hronii admiinistratioil of I)-Ala6 ,des-(lI HRIIEA f'r weeksto rats (-
has been rtepmted to (ecrease testicilar weight and disrupt sperinlatogene' sis.'" Administiatiol, )f 5 tg IV-rp',des-(;ly ]-.RI--VA to rats caused 
extensive disruptil of spneratogelesis within 7 days. lowvever, (I)-
Stt(TBt '"),(cs-(;I, '1-I1RI I-LA, another potent agonlist, had minimal effect 
on spertliatogenesis in tats but caused azoospelullia in dogs adlministerled for 
4 weeks.2 

i,
24 

We in'estigated tilt- elfecct of chionic administration of D-His (2() Ig/kg of 
body weight twice daily for 30 days) in rats. There was an 4S5 % decrease in
seuI+ln ltestosttel'lic, levels and it a5t decrease in ventral prostate weight. The 
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tCsti( itlat I1A I 1-c( eplor c()llClittratioll was rcdll cd( 1(130"'( of (oII11 ;cvcls.
Ilfossect, tile Cpiidlimils ()Intall mtotile sf)Ctmillilt , a lidt Ilttilig tests 
Shtowsed nto itlll-1lillittof ft-iAits. Testicular. We.(ights WtIt, ()Ill% sligitldy .c
(ItietI (91 ( of control) atid tile ItistologN of Owl .scillillift-iolis11lIhulitl efijilic

lThe itestlt's ofI this (lito00 stilkIll Ut ats antd those of Siidow andI~ (okI
leagttes-" sliosmig iiiiiiiitt1il effet ts of I I1RI I agonists oit spcvilt(ogicls ;it,( 
ill (olltrilst to ((tIter 1(I)orI5' Isitowilig cXtcltlS'vc (isrtptioll of speitliato
gehesis. "I Is lita'. bc dfic to (fiffo.-lile1(s Ill tile scmlti' (of ill I-tis to lit-e 
llntfetiiit cf fcus of v;tliotts anlo~lgs. Alteirul vclythle d11IfetIteeS Iiaxd IC

stilt from1 biologil .l fpotcII(\ (hosigc, id freqtti('u. oIf oiliittistratiol (If the 
ana~logs. A 5Xvstllitl( ( oliplsoii of tiu(- (liffiilt itlaltgs Will bie Iiuecssal.V 
to it!tdelstal1( fie Ictsoli s for ilic divei se finiligs.


lhil aitifeitiill[ Nf fuits (I LII RII analtogs iliavc 1101 
 FIccii extetsiveIN tCstel 
ill lit-e Iale primatme. (iltolm it tliltiiitatjoo off)SrI1)h~~iI. 
LI-Ihii-A (5 ig dailk' to 111(11 cautsedI it decrease Ill S(1111111 guhtaoltopiii andt~ 
letCster~oleel, Iislilt[ spwt itlittogettests was illiaffctei." It Is possible tIlltt 
thle lack of an elf(eltwas (file toI tile lowd(ose. 

Ill oith 5111(lis, Wc Itas c ilI Investigatet tlice fictso (IfI iIII itmlillillistrit
tiolo of ltge doses (5001 1g) o Il tp-. IR il(t ptorvtlill an testiittlar 
functioni ill malt. rHesis 1nioikcvs. Beuattse tite atllistratji~l oif I.1A Ri I ag-
OtliStS ilt 'I-dlY jitteivitls Wa';s ieji ted lo1 ("isrulpt 5polliiittogcllesis ill mtale 
rts,l~ twLSlt-wveklv iecatteIt regillitil W;1infirst seleutell. 111~Iioialsw~cuc 
giveni 500 pg oiff I)-Iip'I-I Al RI I sutitOtt-t:ousl for- a pieriod (If 12 %%eeks. 
The pittlutry andt te~stiotl1tr relspoitsc to alt i11je(tiont (If agottist wts evatated 
li)v i teasioig tile stittin 1,11 anid I levels at 0), 2. -1, 8 andil 2Ai houIrs after thte 
itia~l Inljection antll differentt times duing tlittttell. Results froot it rep
teselItit]ie illiililare shiWI i Figure 2,-- 10. lite imaxirmal serumo 1.1I levels 
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daily regimen of [D-TrpJ-Lii RI- (500 -tg,subcutaneiusl') for a period of3 months. Two ypes of response were obtained.
 
Two animals responded tsshown in Figure 
24-11. In these animals, the serum LI- response to the first of the daily treatments (week 19 from thebeginning of the study) was siniilar to that seen during the lhtter pallt of the

biweekly treatment. Thereafter. 1I- response showed a furihter decrease dur
ing the daily treatinent-the imaxiial increases being only 5%,of' the in
treated control response. In spite of a 95(/,( decrease in the LHi responseresulting from daily treatment with l)-'I'rp'j-lIIRIl, there was only a slight
diminution in T response


The other two animals responded as shown i: gUre 2,1-12. In these nioz' 
keys, there weie ftilther decline of 1.11 response and complete loss of' T response. Thus, the small increases in serumLI 1.1 produced by the agonist
failed to increase serum T, which remnained below 1.0 ng/ml.

ThrotIghout the study, the animals were elect roejaculated at 2-week intervals and the sperm 'on n t and motility deterniined. T'reatmniet with [lD-Trp"]-

I HRH 
twice weekly for 12 weeks had no effect on the spertn count or motilityin any of the fouir animals studied. Daily treatnemt did aot affect the sperm
count or notility il the two atifials that mainta.inted art ade(qllate testosterone 
response. In tie other tuotkeys, there was a loss of ejaculatory responsewhich coincided with a cnmiplete loss of seirurn "T'response to the analogtreatment. In these latter aniials, the first two ejaculates obtained A to 8weeks after the cessattM of treat ment contained no spel-nialozoa. The nexttwo ejaculates cottained sper-iniatozoa of (ecreased iliotility. Subsequent ejac
ulates contained normal numbers of sperm with good mlotility suggesting a 
reversibility of the antitesticular effects. 
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Tlt tCsiilts s51111 (hat twice wt:lkil tltailcitll ofI Iticstns itllllkCs withl) [D-Trl:J-Il1 I t isIt d dcsllsititiI of, [il. fitlliirv but I)[ of li testes. Daily(Iiatlllnt (jlset it (l',stil rt~lllttil it] itlluitiu. . Csp)[Isct in all animals. Illtwo) (,i the four ;iIliiimlas, imwtver, (lie ttesti( uil it esplosile to tith jmllillistritill ()f I )-lrI'lj-I.l IRII was ,letqualtt t J)ioirlt+srtiuj Ilevels whitch werehiglett thall lrvel Sce l llolal ioliiktvs anild, tIt't foire., bOLeJIIlt.exI)cttd1() O littlillt. a ll1 r ge l-(tt)illti lll timil ati ll levels.lBeal(i5 tif se twt aitinulwI l (oIItiltl t1( tol lt'itle non iI taejct'ulltes, it lltUstie is tlll(I thlt tile t I ;itlllemit h ioI ll)ailinfitt ilitv off't I t.'et%(i thotiugh it CalltlM lie stfted '*f if Oli as its tft'o t i(ll libido or tfile ertili,.iilg alnlity of* tilejal tilaittd sl)trllato/ ,i. Ill mtralst, tIme twot otherl aliallkl slh weol d <Omilplete
his(s (d IttS(IMteI'Io" lts' lSp a with;is (i'tlt( ver h lts ill "tmtolevels. Thisdl(e ias i Set' til) 

I
IlTevls w;Is fIllo)w'd b' tile flilre ofl these lw tillillllstH) le<olll toe,tl(( tlItja llatio ii suggcstillg tht libido w+5s mos tljr>bNiiblv lost.WbhOtl.r slcrllltog(tmlesis wAs alffmtd in these ailliialu;l is ulwlcmcr. If it was,hfievV., it mtiglht lo a ()tislleverllilltof a,I tol atll-Il.l el ivatiorl. Dailyd(Illfillilsttatloll of 5 Vtg of j)-Sct( lk!lIlL.ABt)',des.Glv'',-fj(ati rlativelysllall (lose) to mnlimisf it del rease ill baisal T leveis, blut Slpr'ilatoge ieSlis

tialld tititli, Wet'U illialflt ttof.'' Sillye, ill these stuilies, tilt, aIut+e I rtespotlsesaftet aill.1'g ,hdfili tr'llatioi well, I)(t lieaislletrd, I ailiot be ascertaileldwlit'tiet'r t il lowe.I basal I ie'ejs ltIlc Selit I livil (It' wias'. ill (ltil\' lll(frogetll 

lt' its N;tiat11ils, ill s'lnitii to am If(--ttt'rtilit. off* ots (If l I I analo)gs liaybe (lIll(. I(' (ll ftltl es Ill tilit' goliatal svilsitivitv 14I theo tlll tOIlritl- llt(ittOl
e II.,ff I's o(m tlio tests. ()I i ifit' l . ill twit stllsitivit5 (l! tit testI s to) tile((liltl tlltig(jil'l~il eft , (I t .e,p ptith...,. Tlt studies of rltt ill l llceSliggrst t lfi lt t.IvIII Iw (h tlt ,I, tllIlI iltgllSp ((ies ill tlh ir seilsitivity
to) th 'lii1 :ititittsti illr efftelts (f HIIRII igollists. 'lhI . sticies o)ISliggest ill111 kk (Id(iiillt es il tI .llsitiviV of 

rats 
the saillt slit is to differetittli,iho u.,,. ill :h; ,t a pm esil lllast'd (llt .l t M]1.1 -ilttasillg activitv ItlaVl~l( t tht'it rtelaolve" ;Illfiftlilt a ti',itv. fot 

SUNIM ARY 

SUlnp tketie lallogs of t. IRl have ,tzitiftrtilitv flectis ill mlies. 'I hiough lteIllc(llil.si (d tl atitfrtilitv tiM is Io)t well iilderlstooll, tnltiple sites of'al till" ale ploSsille (lig,. 2.1-i).1 lhts' il(litutle ilhiilit-v effects ottl tilt, pit itl riVl,.. t5 . a;iieldI(. l i t 1., * trII . I tmlii ri e) lted ad illilli t's ti on, th e ,iiua 
logs (;ills(. (Istlsitil',itit(f tifOw tuhita+rv 1 dlecreaseand i ill golmlildtroJ)il l'l l( tli] l..'\il tit t'hstis, hlit igotlists tlII ul i l Iiss (If goli l(fl Iti- llill Ic tltItors
iti ai iiil>Iiiinlel 0! stttIlidhgiin It tivitv. 'Ilhest laltter itt Illnh;v ill parth' IlleIt i;Ittell Oiht'i ill apiltl ill palt tl1um lgl i (film'tt attill o)f tileigollliS. LI R I aInd its aimilits Al() ossss il tiatlrigelii;)()(,llppem I() heIt+lledt ed 1)t, l 

mtivilics thlt oloN.Ite :ll rte(l e'tl m,S. "The. ltli;Iti\ iltlipol
iall(+ (I t';.ll f th+(,s et. liisllSf (utii0l iein(liIlltc( t l IIt" t tlliuted.

Iln aidlIlttidil I() the efct is (), 1.il RII ailla llg il i sitIllill/ol, tihe results 
irt Illt fillis haplter sggest that there i.(. slpt Its dilf lcitt+es ill the 
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Sensitivity to tile (fiIC(t altigoi,dal fifet ts of IAiRI I agists and that some 
of tile poltenit I1IRI I ,,goists lMlY be itiich molre vieilivc as attifertilitv 
agents thll oithers. 
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of LHRH and Agonistic Analogs
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BRIAN H. VICKERY 

The history of extraction, identification, sequencing, and synthesis of LHRH 
has recently been described.'TThe physiologic function of LHRI- was con
firined and extended ftllowing establishment of radioimmunoassays' that
identified its presence in hypophysioportal bilood.' The obligatory role of
IIIR1I ill gonadotropin release and synthesis and in the reprod uctive axis 
was arniply de liinrated, during the generation of antibodies, by the asso
ciated testi(lar Itrophy, Claitiis have been made for detectable levels of 
1.11RII il Pltiphelal blood.23 

.\ltny groups have attempted ,:vnthesis of substitulted analogs of 1I.1RI- in 
cfforts to derive mlore p)otent agofrists. Thus, substitution of the C-terminal 
gl irinauide with an alkvlamide, particularlv ethvlaninde ([Pro-NllEt"]-
LIIRI I; .IIRIletylilamidle)leads to analoigs wit'h althi-ee- Iofivefold increase 

,ill agonist PttC . Iy.1 1 ellderit lv, sibstit itloll of the sixth amitio acid of
1.11II (glvcine) b 1)-anino acids also led to increased agonist p.,tency..2 

2 
oupiil)liip of these two tllodificatiou'; rinav or ri 110iot result in mltipli,,_ative

iw::reases, depcilting upon the lipophilicitv anid/or bulk of the ,imino acid in 
po'sition i.,' ll hisis p,, ic Ilal'ly noticeable fol ("6 -I)-(2-naphthvl)-alanine])-
l.I1RII, ([l)-Nal(2)J.fIIRH), which has in vivo approximately 200X the po
ercy of 1.1-II-1(- 2 T.lie corresponding ethylanide is actually less potent.

Begitiug in 1975, a series of studies began to develop data on actions of 
1I I!1and its stiperactive analogs which appeared contrtry to itspl iysiologic
fi Iction. I(le)eidetItly ill males 2 ,5 and in females, '' paiadoxical antister
oidoget ic and al t1ireprod,':t ive effects were observed. Testicular atrophy was
then clai tied flhr mi1c ,1ais,golden hamsters, and dogs treated with IIl-I RI-I 
jarlogs, 2" however, r iroprbalbly delay of puberty rather than gonadal
atr)phy was tle case, as oirigitnally shown b)y Oshina and co-workers."' More
recentl v, studies in mature animals and ,nanhave shown some commonality
but also sotie puzzling differences. This present chap; er reviews these studies 

atitm 
Patmia Kirthgatte, 
I:jknwo lCdgc the u.llalm %itiMs. (,co'igia MC ae in tisc studii. Thanks aic duLe to 

Chlista lsii, Anne Woitden, Ridhard Seidentci g. Karcn Bergstrom, and 
Susan RinnI to tcx(ellent technical assistan(ce. I ain graiteul to Agnes ladjka and Wilijam flriones 
and toithe laborati( cs (f Drs. Swerdloff atndrt Ileber for radioinjininoassa,s. Some of ihese
studies were stuppor.ed in part by Nil]I (mtrac (NoI-IID.0-281 1)to Syntex Research. 
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ill conparison with the o)bserved and anticipated effects ill men so that therelative merits of rhc di- it t riml species as modes for men may be 
evaluated. 

CHOICE OF MODEL SPECIES 

In the first rcport of paradoxical efteL ts of I.1lJ I in urale animals, 0.5 ±gper day alrluiister"'d 10) pulertal nrale rats delayed the matu,;1rion of theaccessory sexual organs anrl significantly ncrase(I testicular AW-Sc-hydrog',lIaSe a cxV,(th ,tf,+.2
r'is ,,I+ 

Silln that tle. studliCs ill mnature/+,+1d )s,-"'. baboonls,"(log= " and l]Ill 
' male 

+ -2" ha\ve dem t ate~Id r'e
ductiot, ill (il(I , .aring levcls of ttsitosteioi Attempts to retoliduce this effectin Iuit,I rhi.,esus, ; ,and (vn mIolgus -s: have beentInhibitirrlhloNJo , I1K 

moink, ' not successful.Imatogert-sis has bee inoted in rats''"'8 and dogs. . '. " Itap)eals , to havel bcl itesligalted ill baboolls, alld hIlas nt bel acihievable
in ritsrls' ' or (t iyltrloignis mnke+s.*
 

Inl e(lH'll ISUItS al-Cl
R eeti\( tr sidl '\ using 5 V.g per day of"DaI. 
Scr(Tl'l+)"l-l.llRIl ,hl ml it. r iltll showedspet-rl (oijnl. no tffect () ejaculated%hoter'cuv,- ' (., per di of'tl)-'l'r1 YJ-l.llIREtI ethvlamicleinduced igosperinita within 5 weeks of tlcvrrment.i
It the-refore appals that 
 tietohe if J )ofr'ab .ormiodels to denronstrateiritcrfelecr ' \ih . ,iriale i'eprodrictike p+atarrictets lies between the rat ;nd(ldog.A large body of literanure (It tite clffcts of I.IIRII and its analogs has been<hcvtch~lo'd %\ithf tI(- rat the subiot.tas ill(untlii g the ilajoritv of suliies intothe Inc +,lisill of ;) iiorl ill tltl, . 1'.'''I howev.\',, thec is soIrIe q cstion asto the.Ipli(alblitv of this SpeCies. (if all sptes r" JIn'wtll,the rature rat istni(ii In that it variable pei.riti.eu c (,&animals treated with ever a singled(ose 'if 1.11 RI I agolists responds with ;m irreversible testiullar infilarct JFig.
25-1). I ie' lsitll appealt 
 s lo be vistiularh trlediateId bu the iruide+we andextent of th filurth. (ah ificl !cson does tot \atv over a with. range )l (loses.Speriatogt(.icsis (an b rv\crsibly sutppersscd ill rats, but the effect is alwaystcd, with aspf*rn!aIr)q.tIr( scririfcroris tubules existing side by side withetlspertnat OWt, itiiles. Iihibition of spe-rnatoge resis in all tubules has not

beel, rtipor ted. 
Again. sul:wrsioii of (it nilatinrg levels f testo'stitelu during chronic!I R! agonisr intrtntt t'at'v exceeds 701, (Fig. 25-2). '1hese resultsthus (orsisltnl with arethe fat I thll t after 12 wcks of' continuous dailytr'e t tne,t , Sortie of tho tt'e,tcd rats 'ill still su('ss tllhy imripregnite femalerats (Fig. 25-:). Although I ARI I tt'eatmuetnt of t asl r'teale rtas routine, lowerscirculating gorladolrotpir -vcls.' ; this does n(ot stcrn to be the case in intactrats."' (htoic 1.l IRI I agonist trcatmtenrt of normal or hlppgonaott.opicmenroutinlcy rcsults in hwet'cl ( itulalig gniadotl lopirilhels.i '.'" "hus the factthat testo"slteI t'rcpla ('iirt ther;py docs riot \'.e'erse the itlltisperinIatogerlic 

016pci B,..~~e JMdw 'llpuihi,,ht(I (fal~l.
+R,ihill D: N l l.11)nd il i;,t loll, 1980.(ol 
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FIG. 25-1. EfI Of II d;tv'.I(Ilhi!isiratioh of [I)-Na(2)j]-I.fIRI I mature nitale 
rats uipon tatosco,-( ji, (I l1,1( ,lo(i )i( j pI) (.,m v of testis. (A) View of testes.o 
Arrows ilidi(al, tesliwIilai intltl l. (1i) I'sc i .ii w t it n inhie plante of the infiarct, 
Arrows lind .itnlc( ui(. i,( ied se ilietoils tubules. ((") 'Iestillitiar section 
showing coexistl(nt. ,It aiperliugenlllli( ns elt)I ll)Igeii tuule(s. 
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FIG. 25-2. LffI(I Of SLb(:fl(ttdieons 
 ihtlPI-ttiti(or (f pellleld l1)-Nal(2),'].LvlRH(H.IRi-F) (125 Pg/rat) ,n (i(tlatig plasti;- testoste-olle levels ill mlalture Imale
 
al;s.
 

efcIs of these agtls ill rats, "' ard in fact may even be synergistic,* nta;' not
be 1relevantl to) itunr1ars.
St rong (01 relait (i o 
 1.1 fRII analog effects has been found for ite limitedpraxte,r prs(Isitly ('valtaCed illPosscs.i selc ital vesilus, cf11ects oil 

bothIient and (logs. Because dogs (1o notsome semen conlstituents (such as fructose)caitil.or Ic cS altated -lwevel, rite Case of obtaining ejaculates has influencedour (hoihc of die (log its a model species. 

EFFECTS OF LHRH AGONISTS IN MALE DOGS 
ilt tIe (log. chronic admninistration of LHRH agonists has rapid e'fects oilCirculating teSrsteot0cr leves.-"." SU CTMIuarto(ist ([I)-'I'rp j.. 1HRH u i lsl)laCt jolt of' peileted agoylaltidle) elevates levelsa week, afetr which they faIli to 

of' testosterone for aboutabout / of normal (Fig. 25-4). Iaily injection 

"1ichen 1), Swercilof I RS: 1'ersonal c(mm uniui In90. 

http:caitil.or
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FIG. 25-3. Effect of 12 weeks of continuous daily subcutaneous injection of [D-Nal(2) 61]-LHRH on fertility of mature male rats,
assessed by pregnancy rates in females housed with the males and changed weekly. (Four females were housed with each male and
there were six males in each treatment group, maing a total of 24 females in each group for each time period.) 
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DAYS FROM IMPLANTATION 
FIG. 25-4. i-Alof of Il)Ul(IlltliItI izidirliziioii (A 125 pLg/kg Il)-l'-p I-lnRjl

(0fl liarne (I ft(it( lilatinig plas~ila levels 
 of tteslosteI-oiell n oi lstate su/e H)i
 

11, Nf(Rac G( lcg10i111 K cI af: Supp-essiun (A scxtual 
 111ul(ttjun ill 'utah (logs withitW agollislu( allalgi a .of 1.1 RII: 'otclntJial ut Olinlc (otlllra epli l ithout lited
10I auulidigcl. l ,udi-nIdrla(Ccl.?.2: 31, 1)81
 

of 
tie othe(r hat(l, (cses 


11 jig/k, oI 1I)-NI(2)"J-I.I IRI I, ()il oilly transientelevatil i i t'ot(Ticr t, levels, i iespolnse that (ltl(liies (la l)y day So thatftcr 9 1()I (laxs n) clevatiol is obtained (Fig. 25-5). As carllv as 2I hours;ufil Ihe first illje.( basal, plrthl;ullellge,nll. srtlil les(OSI(oll(e call be downto ai lio of lio-IA levels (Fig. 25-6). This withldrawal of' Iestos-iroeh-'l(eto de(liil, ill prostate vollille and lictiolnlI 
s s el-eor fun r.ullgl ill pr)oglessive (lilnilitli joll ill eja(tlla~te vlll(. spe 1nitIzoa ( btaille( ;1e(aci-ulatiO
ili 2 w(eks or Ilole (If treit- -t have )oor to If)lexistelt ll()lilitN,show
visile (.l\fl)luaslti (lroplels onoil . - til (
ofr Illi(l)ic(c, al..oire accolt)pillied by)lrogressivel, ilteasig lumnrhes of exfo(liated gel-tlnlinll cells. Siuultiato(),ilonlltiIl( lie fo tlt(l d houlglh -1 weeks ill [Ife ejactlllts of tlreted (logs, after
w'ilh eIjlt (lltti(on is 
 nt a(livcd altltglh ereclioll is still observed.
Inhi i jo)t)bitoI spelnllhnalogellsis
r is rapid I" By 10(das I& tletnelcll, partials~lpp-ressiol(if 5.elctlilogelle-sis is olviot 

of 
(Fig. 25-7)', as is so)me bIreakdownilhe ('toar(llhite( lire ()ftile sitllilliferouts tttllules. lhe effctl ott the semitilferl-olls tlllis may be imediated ill part through the Seroli cells. This isreflected also iv tilIireseince aln passage of' early spci-nllids illthe tu1bules 
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DAYS AFTER START OF TREATMENT 
FIG. 25-6. Plasina testosterone) in ature ,uale beagles receiving daily StlbcntnlIeiinvrLIS 
iljections ,iItl0 tig/kglda' [1)-NaI(2)"J-II.tR1t. Blood sanlliles were taken 
inniiedjately p (liri toagoilist injelition. 

Pot env ', a ppeaidi Iri nce. of' hot flashes) are iianilestetd very rapidly.* AccoordinglY, studies ae presently u ndeir way 	to evalunate the ef'ect of testostertile re(placeien t nupon tlie aii tlispernliatogetiic eff'c(-ts of [I)-Nal(2) I-IA-IRH. 

EFFECTS OF TESTOSTERONE REPLACEMENT 

lit these studies, tie tetosteirone was adlinist rcd 'roit subciitaiieously, niiplanted Silastu tiiing, 2(0 tin il length, presiously sho)wti to maintain ade
(tI at" lcvels 0f t Sto trijiie 	in the cast rate beagle.t Concurrent treatment withI0 Lg/kg/da' of [1D-Nal(2) j-L HRH and testosterone-illed Silastic tubes resulted in p riphtral plasma testosterone levels of' 1.25 to 1.5 ng/m (Fig. 259). 'lThose 	 valu,'s are at tile low end of the normal range biut significantly
albove the levels ill aninals receiving [I)-NaIl(2)"-
 I.HRII alone. Vhereas valtit's were higher each (da' befhore injectioi of' agonist, the actite responseineasured ,ela2 and .t hours after each ineiction suggests that the evolution of'down-regulatiolu is unclhan ged (Fig. 25- i0). Anialvsis of' the data produced atweekly setnecll hiection froi these (logs 	revealed that testosterlone replacement restored potency (Fig. 25-11). Motility of' spern was maintained at ahigh level and no iricreased incidence of speril with cytolplasmic droplets wasdetected, ill marke, contrast to the situation in the clogs treated with [D

*Rabin I): Pe-son l (onim unication, 1980.

tiunbar 1: Pe
 rsonal oniluiication, 1981. 
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First a Vehicle Only n:3 
oInjectionD-NaI n=3,0--0 26 LHRH 

E e- --x D-Nal,2:6 LHRH Plus Testosterone 
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DAY AFTER START OF INJECTIONS 

Tlie animals' icr.eiviX'Jlig/ bofuhincul tr ituinnnt were' sutcrilieul ;Pltt(i () weeks Of" 
treaItr~lint. I he \+,rtigltls of thle rICl)r<(il(ti\ e og.lnl, (ht'IO)lt~t((l thati tt'sttOs
t?rorie 1efpht(,_11ent ;it this It 'l i(l iolt eooiit)rllt.Ht tihe effht! <1 [DI (2'] 

keepig \,.ith efLe+'ts+on iijd(Ictvln t itni . lfri)OtdtC \+t'ght \vi, ntt sigtificantly 
in<e atse'A. 1'i:tuitatv we.ilh \gLws nol changed( lfriuIthat in ttltri, ielu(! (lgs. 

ltw (Ji'i(tWf)iiln(V hcetweeI) the. effects ofI:c)la(ec(l lt't(U ItIl()II( +'t ,lerlm 

(i)n ;+tri(l the ljimijtel o~r aiI)Stt eflec It i~l; [)ro)4ti( ',,c dnl ,,ctrctl\ functio)n) 
is puzlin~itg. "l'l (fiscre'i)aii~t V Intd rc'lkct ilif fetingq retiItiloof pi)didyitis 

Another l)(sSiilJft\ istfi;it [ I)- .tl(21'']-lJ IRI I e t~r: aiteccii'I It d thne le'el 
of the I)ro>state, .1 isls l)e('l Migg+.es+ted for tltc 1.1 1<I I ;hit~qll' inn tw rat ity 
1Bar(li it'. (o)-,)tkteis. (l (!lIitt I,.l II"I Ial (;+' (Oti51J , tlfLct~ of' igluists have 
alsi ) een do>cunnnt(l iin rtI ltestis. In-t(lilte'(l tltnoi.lnh ) <tls ltet[plhiterogt 

+telrS; 2 . 1 ant1.-II I-lik" nuilttri~iI Ia vel{'ct ,(([.' etnlr~(te'(l frr iul l-;tt lestis.i ' 

As st~ited(, thui .\'auice these s'ii to Il;r+_l of rat tI~liu: theu dog, ih l)re~sently 
known. f'relitniinat\v (la lf>r( 1(tlC~e( iii the iuthIi)rl5 :ahi it;it<or\ w\1(ul( intficte 
that the dolg testis w(ill still respo<nd to) e{.Xogenous)t g)niahotromlibhlelline with 
steroid ])r<odtctiorn while unmfer the s+upplres sive intinein.e of LIIRII ,agonnists. 
However', no ,he ;thsenue ofIdose reslonse lit ratio)ns wvit I go)nt~hdtt'ol)ins, (Ii
rect testicular effects (',uln<ot I)e ruileil out. 
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0- 4 8lh 15th 22nd 29th 36th 
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TIME FOLLOWING INJECTION hours,FIG. 25-10. Effect of sub)cL~uta eous iII)Mph tatioll 0I 1et-(SlerFnl ilh~d SilaSti, tlmb,, 
on acute responses in plasina testosterone to dailk init ion of 10 lg/kg [I-NaI(2)'j
_.1RH in mature male )eagles. 

POTENTIAL USE OF LHRH AGONISTS AS 
MALE CONTRACEPTIVE AGENTS 

In contrast to effects in females, there appear to be marked species differ
•,nces in the response to LHRH agonists in males. One extreme is represented
by nacaques, which have traditionally been the accepted prognosticator of
drug effects in humans, but which in this case are vert resistant to the sper
i'1atogetnesis-snppressive effects of !.I-IRI I agoilists. Rats occupy a midgroind
in diat some interference with spermatogenesis is detectable at low doses fo1
short periods of time. Even heroic do:ie levels fhor periods of 3 months, how
ever, have not been able to abolish fertility. The (log responrds 1 ith extr-eine 
oligospertnia (1C'of normal). Early reports of work in humians idical c thiat
this is also the case, making the clog the experimental model of cloice.

A number of questions remain before the contraceptive potential of I. IRH
agonists can be assessed properly. Some of these questions nuay- be answered 
in studies using dogs, such as whether longer treatment perio(ds will result in 
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FIG. 25-11. Ejaculatory parameters at weekly intervals in male beagles with and
 
without testosterone supplementation while tinder concurrent treatment. with daily
 
subcutaneous injection of 10 pLg/kg [D-Nal(2 )6 ] -L-4RH. (A) Dunation of erection.
 
(B) Total ejaculate volume. (C) Total sperm count. (D) Motility score for the sperm
 
assessed 5 minutes after collection.
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TABLE 25-1. 	 Effect of 38 Days' 'rreatmert with Either 10 tg kg~day [D-Nal(2) 6I-LHRH Alone orCombined Treatment with Testzsterone Administered from a Subcutaneously
Implanted Silastic Tube 

Group 

Untreated 
Testosterone plus 
fD-Nal(2)6)-LHRH 

No. of 
Animals 

3 
3 

Testes 
(g) 

14.1 098 
6.3 0.85 

Epididymides 
(g) 

3.9 (0.25 
2.5 0.24 

Prostate 
(g) 

10.6 1.97 
4.7 1.07 

Pituitary 
(mg) 

70.3 - 4.0 
67.0 -6.7 

[D-Nal(2)6)]-LHRH 2 6.9 0 22 2.4 0.10 3.0 0.61 
alone 
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Discussion: Physiology and 
Antifertility Effects of LHRH and 
Analogs in Male Animals 

1). 	 J. PA TANELLI, MODERATOR 

LI IRI I atnd Vurious aialogs ate being pioposed is agents to regulate f'ertilit v. 
not oly iII ftIales, but ill ntales also. it is interesting that clinical studies 
With tIhese ,lget ts have actunaliy preceded animal studies. Yet the observed 
respmrses from anmili sludies havxe slwn wide species varialility and corn
plexit, Ihe tIechtallisilns thttough which I1 R1I at,d agonists alicr fertility 

" are illticca, luhey appear lo have itiilierouis sites of' ciito (olttrlbtlti to 
their ;(nti'cI'ilitv ( f, 'ct,, a1lthough the extenlt to which ea;ch site is involved il 
tite overa,ll t.fi r Itt'aliiIs to he (lelcrililled. 

Several Ili(.(hatisills hae beenl idcnliifed ho' whih there is stij)<)itiiig
evidlei ne 

1. 	 l.ss of,)pitlita'tv (destlsitiiatiolll) leading toi impaired go,dtio
r1<opill trlease. 

2. 	Loss (A iestil( lla gotadotropili receptoIts (down-regulatioi) leadilg Io 
d(ecreased st cro i tgenesis. 

3. hiihition of testicular sieroidogecnesis by direct effects ott ;lc gotlds. 
4. 	 Inhibition of androgen action oil the male reproductive tract. 

lecaluse of' the greal species variability, we are left in aI(laila'ry as to 
which animal to use in predicting or extrapolating ef'fects ili humtans. Nonm
inal to sevcc testicuilar arophy has been reporrted in the rat. the animnal 
ittO~el iln which 1)01st of' the studies have been undertaken. Morc consistent 
slippleSIieo of* slertllatogenesis appears to be athievable ili the og; however,l 
tis is a more (1if'ticult and expensive laboratory ainial to work with. Rltesus 
:111(1 c n ttolgs littokeVy htve lelonstratel remalrkable resistance to tite 
eficts of,' II RII on sperlntiogentesis, although iii rhesus nitionkev\s, there is 
solte (\ide'tce thlt tis tay be a reflectioit ofdose levels; thait is, doses highet 
tltal 500 pg itay be reqlired to exert atl effect. Receitt investigtitons ill 

tn1itan miales have tevealed that shoit-teint ireatntell will it(Itue aIsignificat 
lowering of sperm cotnts, iltis iidfi ;ating t greater senmsitr itx to thu se agenrts 

Pap,1 1.ots:FCrnand lbriv, Kalal S. Stidarill. Biiao It. Vi kev. liv amnwits: Ih om s NI. 
Batger. Th idt(r , .\l Metkcr' C ultiojho, Villi; I. Cr)owt v, I hm-;,tioinriiu Corbin, Elsimai 
B. ( ~xattto, R<obcrto Rk lim, Kenn~eth T. Kirtin, Kalman S. M ghiksi, (Ca;therine Riev9.Jurgen K. Sandhow, Emit Stcjilbt-rgcrj, Gerld(1. zattluchni 

291 



292 / Physiology and Antifertility Effects of LHRH and Analogs in Male Animals 

Ilall shown bv ,,tct piltles. It is interstilig to ilet, ltt histologic se(tions
o)f the scliniitI c.iols fpilthlitit of tat testes tcal titbillcs Ctttittiig an C's
sctttiallv, multld comipleteunlt (f germinal eleitttts, atmogsidc tttluitis con
tatillig Stcrtoli cclls ati sptrttalgtog tia ,li,. At pisCel, lliclt altpt'as to be 
iii cx~f~lati~llioI his ob)5tsev'ied tIO at t'fft( l. \,Wlc" 01 1101l spitlililtlogetlesisis sitttillulk tclvo A N I 'tlltpte'd mlelts huts [I()[ [)(-(-t'l dhv crilliwd.in Illll 

O)f €. tctill I's lihlt, repo:r t o catlciuttl dhept)Sitit0l Ill SCt'i tif6 lr tus Itlbttles of, 
It tt'stt tt dtt with IIIRII atitd its ;lthogs. The !eo'sitiont tia be of 
',tI11wtillt itagnlitud to bi'ltk it slamfdad oil rotoelo koifoh, liesc talctitII
Ii \',tatls lil\c thll obseltv,.d %itill a Itw (Lats of ,l siilll i isttatitt of 

,lI ' l, t '2 I l tIwCoIl><po Ittll. Tlhis lc t<,lll w )( Iwc't'l I ) 1i lt+,lUl h1,, lt ttd il1 
otf tti, ,i'1 l 11i1% )e. a . fi tt, tit of1 tofirlit llmlk,, i dtut tl ftdclit of [lie 
lattlit' od lte agu,(iist. IlovWvct, thttt aitlcms to be St (i itlustioli of itsl t t ' ' , l~i i t , .( ) I CIn vet s iN i to<It , la i t ct d to lli p ic l ut dlis ii~ a -il l Ct o flt he s e;+ co n 
t l i<m is b\' W<\',ccks lo>lh lton , t'ssliloll of, t1-li(lll'it. Ill( ()ttlla ,t. t piIlh l&,g . 

t'p<t l fit ',t, itt" fiat sdespite tlt ,titicll :+, tc.m Ia t sttt lil Ctls' , ilt , ,ologit 
'.t) tioll' of illt tsts still d lttiotistilttod tuflltits wvith 1wInau 'ut t( lfi(Acl iOtt s. 
.\il; lt ttlx . tfe.se ( ,is lls '. htf t . fcdill tt'it'., Id litis titted withhilaf 
It('( 'st\ Aftf,, ls toII ulltti( It((;,fi ii'hthis titl is a tt'11itc'ilt ~t llt withi 


lit'tiitII .:l (it itit'l ti tlli s ill the tets h t. ic llss ) I titil w .ll i C iluilttai , , Is ( d , ,'!r 
, 

d i cil bt ' i g It will etd v t ,i I 1 R I I ; tl l alh tfo l p l et't ( i o lt s p ut.-c r y. 
itilltI't ilf stiitiits fIt1(510, iil thIO t t t ' tifId Vi i('s ill tilfc IC iil5s l1t11\ Ilot
 
ftolttt Otif IIll Ni ti)(AI, it
,IIIut, (miittt itS. , is a t((ttlx\ itltXllicile 

ifhtotloiitltt< anditi ' tftt Is oIf -lll ll r l( llti tt;llllt i ill tiOwfiillai Ire 
,,tiffl tlk~u)o ,ti it'. 0 lcitIIllt atitst b l,,d % atn fi .1)i\t'l>;t' III(llig s hlave alst+ bee'tll l+tpmlted ()it tW.',<Slo"'lll< c xtl ill ,tlliltlals', 
tlic;ltcdt with I. IR II ttridl is aItilhl ,s. IRt'dA ti tanl oft t i1c tl,l1lil [t',rt's of Il los-
Ittoll ill ilte Itl is sl'.x itlif tanlilt\ c tc' s 7 0 , tVt( ifA tl iatn wetks of'
 
lItitlilltlli.Sitiiliis , ()Ill\ sliglt ,iiiuiiftioimiS if Si tii ( ttltcl it lt, ls have
 
btoiltt I h~t'.ii Mid tl
itollf ill ifs t i(lniofi)gi ikt'S ililt ill mi .l ( ll\stlsCi 
\It.\ l pif [ ctftt,s itv" ofisemi Ii lh dtog. lbtitbilt, ll itll.. Sit;iti hulilalm 

\itht 0,tl'iftlfifl IIlvt l ;twill, (it' tiowtis fbtenitisiLtis tti. 6 1itii ti-tostlttoii
;it hic\ed' ill dIw s. ,ISlia\(. nit(itl qll 'III t , lh ' lI ttICI III;IV bet cx lI,ilim'd I)V tileiii O wt' iit tli l f it 1IIt thill i, liii de , illl tlittt t.lIi l ' l(t fIl iilti ,lld teS

tiisttlollt. Ilitl is , ol IC.joItI:t i it litltu t I o) l utt(i<ht of ) IVI, lhlts 
pl'it litig s fllo i tt ;llt f o i stittili to 'lh(m\v t litti < . Ill tileIfo ll tu iiltt

lla~tl+Illtm .hw ,..wcel, lib~idho and po tellti ,Metic l\'t'v'll A lt.]\ tl , Iil il itg 
l;ittillt o i1l tefpllo .iletiit lcl;lp will f wc tiljt it II IRI I ; ,mlists ate to 
lNt foisilIlt .,s ( olit iltt ,li't igtllS. 
.\fth ugfh go liioh ti ilt Itc, ls ;Ilt I((Stit' ill tit (ist lit liift lilt with 

II IRizI alilillistIllti<oi , le els ill Otitw111;t1t illilt liltt l' eilior liotauli it onls' 
sfiu l ihiltli tishicd. luis ltiv\ iltiti tt fl ilt li tilt t at tlie tui<ot tliitc ilt liStl 

fis t dilcct cIft(t dt i e ttsti illm IcvC (;< i thdot,,ifiis art oioclo;itf ill tttated 
dogs, ;a.wt'll a's ill litte bi the Itlchatiist uit ;tli ti ll ))taIlrs to Ie a down

ttgilitl n t Itf f''lt iO I it illty. lhis fIct is sui pol btttIi thti o ;set-
\Silllitl aitt d(leastod gilaif stet ifiigitsis undcl I.1IRII titalltnt call 
It ltvtvesd oi Itc.t'iteod witli altl Xogcl tIois giitattlil)i( thlfllttgc. II has 
fttll oitcdltIf t i iIlaoi , its well ais ill fIt )iigiiiao;flf Iloill, scrl ll I.iHtitiajitallii 
;i1t)0FSfI ltvels arei tatitte losfiwereii to ab t 5l);i o sal Itiinc levels. 
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There is some evidence to suggest Ila pittm.ti, (lestilii/,tlit intv hc op
erating here also. 

The antisteroi(lal activity of 1 -tM1 lni its ailaltt(g hlits lttcll tltt i ill tIth 
male and fenale 'iats. l'vid ito aor( irutl trapil ilr, clfc(Ittdi lt IRII 
agonist on tile prostite in ras sells tlil. l it i iI (i4. tit lli i tilietr 11,111, 
sLICh alCtiVitV IS not (clarly (lflnedl NociiItless, tltt.;' %Ith (lull get1 

jilistlacs 
responded (traniati l Inoll''ti anent with H IRII agom"itit. lcl ti/e s lid 
regressed to an lininiltifte Slate id (olid I()i llgei hl Ihc i'pittilisithie/' h 
mocystography. \hether thet obseietxed elft' I is le i t lll(,tii wit Ii 
drogen re(ep)tors ill t .it-p (statte rI to iilli lt- iiSicitIdligelist Iis I(1 Sill idi 
clown-regulttioni
time. 

of til( j)ittliti\-.- i itl i- i (1)(-uj, [illi i jl l tiiiii Illa his 

Ailthough ttfiiv <atppea is it bct ai ~lii~llll lc c< ls III ilwl \,tliimli ,lIm

rilals, the total pi(tiuite is (iiit)Iiit,((f ItS I,li t l iii lw ilgt 1,,itif tIxlclt 
of, obseivedl effects (i IAIIRII, as well 'i i i tii i()lc 1(,)l iwli n 

appelal to a i ()itfilstall s, bi i oit ilie (bl ' d.l'llii t li (it i t i lii,
tlration Illlodets, ,lld~ ihr. p )<il(-iil "ill U 'Il agi~llst~. Rct(c~lil (li,i, (i11 l,ci 

ait that the obsei ved l stu eim i( liii' lit ltilh i1ss I()liscs Ia itillie ksW 11S 
provide anillie(l i iiil., ( iII (tilee lC s III tile hila11 1, (hlit litle iliiitllta 

studies will he reqjllircd b'ire exltlisie liitii< tiItl t ,iisa ll p itliwiliteil. 
'Ihus, it Isuiseful It)ealit stuldies tltat( litse Itlcicklwt Ittti .r4 til Ii 
animals, litik litwhil still iwtets lIt Ibe eixaillil , ,titt inlilt'i II'\ Ilie.s(e 
studite.s (,iielllte with known ies)onlscsit illthe lmitian. 

http:pittm.ti
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rapid ldu 'mI ll(s ' l111, I f l llII,i l 1 k1 thI li ll ,II t lI' t \I h'. I I I I 

q li~t situd i's.", IhtIw I()II) t rp<+tl (11;11 k\ i< lic t I~ ilIII,\(it III Itl)Itw d 
c.".' Ic: III \ h ii:It Il wi+L.I -I}" llw, IIItit flwt 11,,til1t l ll cll ItIlu (t t'(-I l I ,I, )I II .l, I tII 
ITS(tI l It('p.( <d lic (l.t111a. lll'fIIl+I ,~ ~ 'l<l'In\ ) (tltl( b I t+ l I't , hI(i 

I 1)(l'1.,ht 'Igli l <)ItN tc l c 1il + e: i I I ](; MI C\) Chi t II.t I ll l~ici', lli l . \ it-, 

Ing's 't I(h t) ti ) e \t' lli. d t I R It i~t gttp it'. I ](uII<II'l ,, ,I l l ui+ \ttil' h 
p o, tt e(t clet . I ( )i ittl\c I ,i ,.ll ,)tliut l<li , ' cl\-i)l t\ rt'I i-i h la i tliltl 

METI I ODS 

s jlith a t l<.,is \,(I~,t as. ((I d hc ,ic (l\ ;,IMtt)M t i l xc. ;hO kl~ c kst;t 

A ll Sltbl cisl ( ;"Illt(, I() flic' I (-,cm It ( h'imli r\ (-t ()tl<w i \ 'uk. <it \\flit( It m nuit lh ,<,<d 
, ', w a.++sd raw n ilt I l~l' , IcNt~, ,I(d w ("t<,Icit >tl Il~i (It't ,tt1d '.\tt 17 -1i\ (11 


pn 1crt lt<, 1, i t' , M.Id I TIi-t" lIIA( i.l.
erm ict'~<tIll )1 (.1 1 11 1(\<'l-, (,, I I II, I'..;I 

l "c ll it c m, millits ,Il i I l ,I"~, I \LI", I(<' 1h', I 1 \+,+ wil 'i tp l II I SIi tlIt, tt t R itlt 
th-mi('tit~kr + I II S to lI t'. Il I(II 'r<It( 'll I , '. . l h I (. ] % l i r(lt'l , l .t,)Ic ) I I Ic It I(lI ISit 1] 

f~rtm l (.]*,( 11 <'11 ' i ' ll V.t' I t' l lt
 tI ,111( 1 , )I Iit I I )i cHI( . I I m tII k\1< 1 r I'[I I(<<cl< 

i ol '; , tac. 11 ,! ( , I< , t \ i h " t t t l l I -,! II;tIc t I,'it I, l l l l +q , i It ', lc(
that~~ l 11.((tt11;i 'I,, (,I ' iti, ) tt)11t. .litIm.~i14iull 4 (dI lit. ,It~ I111 I I ', 

b e ( a lln ct I i m ilil t r ,i1 t ( , l< It I llt\ t(,, t, .I ) t xl Ilw ( hi mli 111d~ k c I( t-[[lli ,l l , t t 
I <.'i i , rc.hMbl ..A( (.,,( It \ I'.ll , II .\ 1(.111 .(i1 1 ;t t' ,\ II,l, lilt111ll l~l 111(. iu(p ltu l 
(d l a'j;t latli< (lilt I i i cli l t r\" I,,tw, 1%\4 I-\\( 'Alw id,<. 

I lil i 'ili I l - \i.+ III(w ( S.<, lic" , l~ lt ( ttm.,'+,tw il II t c' I , k lici.\\,,,l. I)Ili t III, III ,I 
101 \\'c ,I\ ,.tm lc (It ilil l( < (,,lic, Iw d< . sh ,l '.1ks, lmi,ial ' " 111(1tl mid. \c('c l'11\ 
m,ili i olll l \\ l t. '(1tt<il 'l , 111(1 I t b lo lt t ~(d x <4)i,I' , 1( l Illl l)li( 111 1 
lil l Is, t 111li l l ,1 , () )( 1 ),l 1 1i1. ,< 1ti ll i (il i l ' 'd Ilh ,,(( )(I ll I ,ll11 t1,11(tl \\t(-I ' 
Siit(-( kc' iflalk , \\ r I LI, lilt (',i( lI ()Ith i m' (p'.'licill I\\ l ( 1 ' 1 lillu ,lI nk . 

D)i'IIlig4 lIil t l ;li Iq tlit, tllwtl /\tclt, ItItIt( I I ~ir 0lti,11k it It'li- hI\ (1 

CitYCt ii itS tI -tl,\t(I ( I l ll - I t l l l \ t' t1t ' ( I lllui( c (1 (- (1, Ii l lllcI IId (1 t i' I l< c )it 

\WC'tC ktoili I() hr< (- tl 'i I R I- i lii' 
S tl ) 'su(lwi illk , Illtc III(-11 \ i ct (1i\ O rd'<IlII[ l lttv 4 l~ l.()11III(- 41 lillp 1 ' ,i-( < 

. c'lit1 I lmii< iiii " hc i1)( t 
;,m (d I.R I" ( (ti d ~\ mid~ 'lIwt h lid( ,gil iiltl t, 'ti' 

I.R I: sill)( iilit'l imi .k50 fig, . 'I Sc' !1 lttil) w lI\' i~t< -)0l 
F'\ I h , It'ti "'11lir. 

da ilN. m (.\(.It\ fo itll III ,1\. \%.[, , i~ l< ri 14( it)F.],i( 1i t1l11t1 w dil atl 11li c It i>< .,llk 
clic'( k ()l it(m tttli,i c li rlt t,,Ilt t c'( <lidt , )It 11It IItltt .'t , lict olil, l 1 (li lt ( .r 
Iii-w ec'k iliit'r\v;i , Illl i P'li)d JLISltC ii I11,1i m ulmiii(d 101 I\tc't' .. I l<) \(<i , Ililt' 

,. Ul Id s tle I ' i l iii.tI' <lm c il p)<)l t 'n i , i \ , i s t i ml 1 1 1 1lt i l l h i l li t '( , i t q l I IIt <d' i i l \ I t' l l 
betlow\ 5" x' I ("till, ,u1 11 1 xl(i t'tt -'Is \\'(' t, imlcd (it lpc~i<(O R t,(k,, il Ihic 
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toxi()logic battev. No toxicologic effects were observed; however, five of tie 
eight mIen wh Ireceived 1.RF, daily had theil' treatment period terminated 
earlier than I0weeks becaUse of loss of libido or potentia. 
IIith ricoovery period, men wore again observed at 2-week ititervals fbr 

a ininiitiiimi of 10 weeks, or uitil tile spernm wollit had lettillled Itopretreat-
Inetit lcvel. All hormone deteliiiitioiis %eIc perfoIitdl oilol laboratory
by staildatd rtdioilln/Iltilitssais Mllit had plvilslbeIenitn o)eration f0r 
at leiast 2 years. , Semen ,al,,sis was p)Rlfir1led by a taillcd labolllolr' tech-
Itihigist whoIcceived tlie specimens on the same (li of e;l(I week. The study 
was approvedl by tile Vanlerbilt ItI1iveIsitv (COllitlec l'rotectioiltfol tIle of" 
IItllliall , adllStbjbct all subjets g2ave wIitlell infi lled (ollselilt. [lhc study
w'is (rrtild out with a plersonal iNI) warledl to D I.l)avidRabin I)wtile Food 
and I)rilg Admlninist;atiotn. Rockville. Mt,vtlald. 

RESULTS 

EFFECTS OF DAILY ADMINISTRATION OF LRFA, 
50 plgSUBCUTANEOUSLY, IN NORMAL MEN 

liguic 27-1 displavs gonadotropil anid testosterone levels ill tile eight men 
who ie edl'. Lajlx ' lh shows the meanI.RF figure of all basal determi
tlaltioii, lol<dltnc duiliig the iNitial H-week sttulv; the mean of the alldit
 
of ll1, FSI I,olaf tetosteIoiuc (lsel ved dttlilgii the trleatlent eIpctld:
and the 
peak Icfels od Il, lSI"I and t'id ot ,t.'oe obervoed c()Vrv pcduiinth tlg'c
liof. Ill f1ccls dIlopped l1t aItIafil fiat w as .:0tK that of the basal lalli 

ttt1'11 ll1tiidialk 
illv. therte was :i rebotid to) lccls exceling Iollill Ibs;al (oltcclll-0lioiiS.
Seltilou[SII l(\ecls fell to GO" that olf bale1ll it period, 

(11ltig 1rca1 \,i I.IRVF\. lollowiiig (lis o tilluatimon of ther

tlc l)t,lemnbY iilitIeatitlll 

aid retUltncil to liortn;il pluinptlk 
Atel (i olititMtiltl ofll I.RI. 

I hc lespouise of plasia test steti was partiuctilarl striking, All eight 
Intln expeoeilt el a rapid (lecfitlc illlpAISua tcstosterotic levels, with a Imeanl
 
tadiit.of) lug l by the oUrtli tIeatuinit wNeek. I he fall ill testosterone
 
outitrred within 2 weeks ofI tteltInCiit iti llIn tIt, and fell to 1.3 ig/nill or
 
less b [i fouirth wcek ill ll cight SlbjectIs. lollowitig cessalt )IIof therapy,

teststeioitc , lee\kl ttdcd Itoleild111(atboe blkS levels tuti rttlled! I) a 
ilean vcl of 1.2 iignf hx til'lfoutth wek Aftel discotti,!reltiotl of the an
dlog. 

ligitIe 27-2 fisplus lie .setrii i oi fll'stnt ( Ii(ciallitts of sclected ste
roids durintg lie basal pltiod, Illi auit 4lhievcd Iftltilig uit(!tOel lpv, the 
peak valucs observed duiillig (lt' ic(oc, tuhasc. lol lulfelreiice, s reut tes
tostelolic levels howni iII Figuite 27-1 ,li again dlisplaved in Figme 27-2. 
(;irt ilitiig levels o p)rogestetone, 7 dioxyprogesteloile Mlllid- estadliol 
all Fell in IItiiiiic (Oicot(aLIt with that obfserved for serin testosterole. 
Flath of these steroids rctiricd to ot rose aboe basal values duiring the 
lecoveiv periold, l.evels of )rplgcsteltic, altholongh falling sigtnilicantly,
dlropl)edl less thall those of the other stcrolds. At no time dtring the 10-week 
treattlent )eriod did we observe a rise ill17x -hvdroxvprogesteronie, sug
gesting that ite fall ill testosterone accompanied by tie f ll of the other 
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FIG. 27-1. Mean basal LH, FSH, and TESTOSTERONE 6 
testosterone concentrations; mean nadiIr (ng/ml) 4 
levels achieved during treatnent; and 
mean peak recoversy concentrations in 2 
subjects receiving LRF,, 50 Rg 0 
stibctutaneously daily. BASAL NADIR PEAK 

steroids shown in Figure 27-2 was the consequence of a blockade in an earlystep in steroidogenesis. Treatment with LRFA was disconitin ueId in five men 
at week 6( or 7 because iOf iIII)OWnrce. Each man regained nornial lilbid i(an 
potentia within 2 weeks after stopping the injections. 

Figure 27-3 displays the mean sperm density (nunlber of sperm per mil
liliter of ejaculate) during the basal period, the nadir following treatment 
with LRF\, and the peak value ol)served during the recovery period. Sperm 
density varied widel between subjects and in individual subjJects during the 
basal period. For this reason, %%e made six estimations of hasal sperm dlensit v 
in each subject. Sperm density fell to a mean nadir of 12 x 10"/il: six of I he 
subjects experienced a drop in sperm to less than 6 x l(0/iul, and the other 
two subjects displayed a fall of 70 and 86% in sperm (letisi v values. The 
three inen who completed !he entire 10 weeks of1.RF\ therapy detnoist rtled 
a fall in sperm density to .t.6, 2.7 x 10'/til, and 0. Each of the eight it'in 
displayed recovery of sperm densitv to within the rati ge of values observed 
during the basal period. Cotmplete recovery was ( casionallv delayeCd al
though it generally occurred within 10 weeks of cessation of therapy. ()IIhv 
one man showed a return 14 weeks after cessation of therapy. This sul)ject 
had becomt, azoospertmic during the study, and was one ,f the three subjects 
who completed the entire 10 weeks of therapy. 



300 / Studies of LHRI Analogs in the Fuman Male 

PROGESTEPC%;-,i
 
(nglml) 0 

1701- 2 
PROGESTERONE
 

(ng/ml) 0 

B 

6 
TESTOSTERONE 

(na/ml) 4 

2 
0 

32 
ESTRADIOL 

(pg/ml) 2H 

24 

20 

I6 FIG. 27-2. Mean basal concentrations of 
I 2progesterone, 17-hydroxyprogesterone, 

8 
testosterone, and estradiol; mean nadir
levels achieved (luring treatment; and 

weari peak recovery c()ncfntratioiis il 
NADIRsubjects receiving LRF, 50 ig 

BASL NADIR PEAK subctutaneously daily. 

,o00 T 
90 

80-


SPERM 70 
DENSITY 

60 
milion/ml 

50 

40 

30 

20 FIG. 27-3. Sperm density for subjects 

receiving LRFA, 50 jig subcutaneously daily, 
0 s!towing mean basal value, mean nadir, and 

RASAL NADIR PEA( mean peak recovery level. 



Experience with a Potent Gonadotropin Releasing Hormone Agonist in Normal Men / 301 

LRFA 50).jg daily 

(m)0 I ,~

(mlLL~nl)LH 20 

20KFSH 

M I U/"n 1) 10
 

(ng.4iI) 4 

0 L 

2O0

100

0 4 8 12 20 24 28 32 

WEEKS 
FIG. 27-4. 'Iinje (ourse of IIt t , tett'stostroJc. .1(1 Sl)tr In (ler,Il (hnt ing basal, 
treaturent, " (l re(over', teiio(fs tu a single suIlj.ct Ir(t i' ing I.Rl ) Lgu , 

subcutaneously daih, 

Art interesting o)servatiotn made (lirinlg the treatlillment iei(d as the I
port of hot flashes II four nen; tils sIyloitI was ohserved ftllowirrg (fliiCle 
in plasma test ostero(ne alid 1pirsisid titil ai)otlt 3 weeks after dis(ontitjtlit 
of LRi.F '1e tite (tolls (, plasrira testusttv(,Ire, SetrIo I I Ialld I"S I. aird 
sperm density foIr nne of thc stlbje(ts is shown ill Figure 27--i. It is 1fiilel'est 
that the fall in plasmna teswstt)erorre O(cnllle(f ilillih ';,rlier Ow;'n thc fall in 
sperm densicv, and ils teattnre is le esetttaive fo)r ,ll the slibieuas in the 
stud,. 

TREATMENT WITH THERAPY EVERY FOURT11 DAY 

The effects ot tiltritaiv--gyirnlal flItIetiouI of I.RF\, 50l L-g sutb)cu:'neooslv 
every fourth day fr up to 1(0 weeks, were evluated II se\Vee11rr tnar ruerr 
(Fig. 27-5). A modest rist in renan serurrl .1H leveis was no)d ,during thre 
treatment peri')(, while serun levels were unclan Meaniearr FSH \ged. 

http:suIlj.ct
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 dsId, 11(XI,1 ieit, an(d reovery periodr(l l(O .'sIl 1,centrations of 1.1I 
1(.IW0iIC0I'Ic . and ('slitvd iol fio, seNvi WC11 tIciittle with 5) ltig st l)(tItilett shl tC\lN
 
fijith IM l I Ii)0Nv k.,.
 

)l~ltIa tl(l(toster'(lit, ()ol(ICentI'lit relline(l at 3.1 ng/inl or above. SperiI(lensitV (hIlIilig It ,(toriiol [eI od(l r';ie(1ewilelV within alld between sil) Ijects,with a ilcant range of' i9 to 137 x I Oiml. l'h mcau sperlm deI+nsitY fell to:1 fia(iir of, I) x 10"/,hI (dur-ing treamment, but no colisistent pattein waso)setved( for each sill)uje. Valtues varied beetwen I and 368X 1('/ 111. l
vatc(l l I atnI tesoste)oiOe Valits were observed oni eight amld seen(Il oc(aoi Is,
respectively, in fiv_ sul)jects, and corrlesponlded to blood draw n 21 and .18hours after tie last IRF, injection. U.lue(itiivocall depresscd tt ottrne
\alms were observed on ten occasions in six patients, and in all blut one(orespom(,ce( to blood drawn 72 and 96 hours after the last itnection. ( )ne
sltI)ject had daily blood dr, n at the stair of, and I weeks after initiating 
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therapy. An agonistic effct on LI , FSI-, testosterone, anid estradiol was 
observed both times, although tihe effect was blunted on the seui(d occasion. 

DISCUSSION 

Crowley and co-workers' reported a linear dose-response relationship between a single injection of I.RF..\ and it rise in serum FSI Id 11 I over the 
dosage range of I0 to IO0pg. (asper and others delnlnst ratld i similar 
potency of ILRF, to lisiharge FSH and I-I acutely ald sustain their release 
in normal women thiroughout the menstrual cy'cle. ()n the other hand, sev
eral stu~dies have indicated that the protlonged a<tinistriltiou of RI[5'x may 
be associated with pardoxicall eff Pets on stel ij levels in ima, as prcviousl ' 
reported in experimental inimals. 'hus, Snith and associates noted that the 
administration of [I)-Ser(TBLti )'-AE 'ILI-I R 11,5 Rg suilwottanoi nislv daily for 
1 week, produced ,t fall in plastua testosterone, levels in normal nmenl.23' 

Boklanger atnd othes folwhmed plasii teststeoime anf I7-hydrom vJrogtes
teronc concentrationis after tht Single inttraltlsal adninistrition of 50)0 tg of 
the same analog.1 They repu-tcd a lIriing of the'se steroid levcls to -10 to 
50% of basal h the third daitv aher nicaliori, with a rttittir to tolnlal 
thereafter. 

Bergquist and colleagues, itl what appcats to he lit' tost c()ttttlchensive 
study of effects of the 1.1IRII ,nllog itl nioial men, adliinistcd 5 rig of 
[D-Ser (TBU)j,-A'"]-IlI,!-l by silxit(tieous iticjctioll to halhhy nu'n tor17
weeks.' Serum FIL, 1.11, and plasii tniteslt'n)Stit'i levels all fell tltode'stly
during the treiatltiit petiod; tht acute cffects ofthlititiog oit goi fotloli' 
release were decreaseud bul iiot of)liltlatcd. (mtado topiti and Ittstoslelolle 
levels returned to prt,tretnienti cotncetntratiois wilhinit a week alcr discontlin
uation of therapy. Ihe authors relmnted io signtifiati chatnges it ilte (()in
position of seminal fluid duritig ith study per-iokd, although they did not 
provide indiVidual data in their I)tpcr.

Our results v,trieCd signiicaltly f-ol those of tfIe Brgqtiist study. leslos
terone levels to loer iteati ofell cotisiderably Oa'hutes, wilh i nidil' i 
subjects of 0.2 tig/ni, and there was i coriparitledc line it 17-htvdroypro
gesterone and 171-estradiol levels. [tuIftertnorc, loss (h poientia,i was ob
served in five subjects. I-I atnd FI1 levels fell to apptioxiiiattv 5) and 4(i i' 
of basal during the treatmtent p eriod. lhis atlltge is pautillarl notcwoith., 
since in the Fight of tie verylow ci rculhitiing steroid levels i piofouind rise itt 
circulatitg gonimlotropin levels would hlvc beetn exl)ectedl. The facl that 
serum gonadotropin lcvels reaniite ill r below basal allics Stl'ollglv sug
gests that the adninistration of the ainalog in our subjects was associated with 
desensitization at the pituitary level; the analog it some way seenni to pie
vent the rebound rise in the level of sectelion of 1.11 mi 1I1I tiortially 
anticipated when steroid levels are acutiel ' wered. 

Sperm density fell by 70% or greiatet ini each stibjccl, iicthiding the five 
subjects in whon therapy was discontinued after Oit- y lo 7 weeks. Becaiuse 
three subjects wete unale to provide saiples o l one oir more visits owing 
to impotence, the values givei aie upper estitliates. "Ilhe decline in spernil 
density was accompanied by a significant Fall in sperll inoilitv. The patho
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hours f'ollowing LRF, Inljctioni varil)Ily ttlll~liilg lo1 itdsa ((vr dlir subfs
quent 3 day's. Analysis of' blood( s~ut11)s obhriti-u at 2-wo.-A infiials hlorn) 
the remaining subjects veritit'd this phuciomlcnnnl. Thus, (liltIilig cvc]iN I0miri1i 
(lav of' 1.RF, tftcrilpx' wvide filictliltioiis III goll(ilorop)iii and steroid levels 

associates, who (fCliol)ltaw 1.11 II'(5)()i51V\(IIs5 11 ill I(itCadSl Ics IlI.ItSi/I) 

'IdIsnI.I lThes, eIflecIs were not obser- cd with dailk a;IIIIIlittuo!I of, Ile 

A titodcest (lI)(ilW iI pI411jit. (f(Ilist\, ats itbS(5sul IV,Iitc lowestI villut to which 
ea~ch1 Illal drloppled duiog liteI 'tl citneo0I PolstI Ihl III( pce iodl, N~is iiotcd 

ill all seven mnu dlurinig tlie sitlll. Iiw 1(1-(ee lhowcvI\., wits i1iollsistelit 
anid IIl-stistiti!1tci. (Silt! astiltg with Ih II(.~l (oll(.1 id .lsiltimltd f11l1 111spemIl 
dfensity ohserwd~ III the dailk, eitlo gii v) 

III still[lit r, (il retstilts dciarkl slipplt Ow biologic 01ffeI (d 1if1il Iki I 

sJ)elloutogeti(*sIs ill InllIIa 111(11. IYer sc. f ills I Iwrl pcIit I( Iliii tw)1 wo-i 
itic a satlisf'ilct 1 IX nilue coIlittej I,;wi b(lilse, (f Owt ~itteild,1i1 loss of lib~idio 

adi Jpoteliltid. It l)ossibI. that Ii(iill ~ail~tIs IMe i (dft~hitti~ til-t.Ip 
mitaX pn-l(( Ihctile antd prov IJiti(W~ik finaion ij~il (OHl1(\idle tfit rt maleC 
trl.teJtive. st illlioS piuriung this uiiiibiiieil awelitleima ill miols(11ch 
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Inhibition of Androgen Biosynthesis 
in the Human Male by Chronic 
Administration of [D-Ser(TBU) 6-des
GIy-NH 2 10]-LHRH Ethylamide 
(Buserelin) 
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l Silatiol, and sy t IRH has greatl v fcilitated our understanding oflihesis of LH 
the control of LII ail(f ESF secietion1i. Nioieiivei, tile availaifity of this 
lieurohtiortnone llas raised new hope for fht treatinent of male and female 
infertility.f'' ' \t tile samie ttle, ,new aipproaches for o)iltraceptioil are able 
to be considered. 

ilese potetil cliniaal aplications of 1L, I il have becone eVell ilore 
promising witl the availability of potent I1RII analogs."" The itcrcased 
potency, as well as the longer dtiratIoil of action of these agoilists, has stin
ulated flhiIleI00US stuOdies inllmen wollieIllniiild OiT'der to Ilipr ive replodtlic
tive function; however, the results obtaiined have been somewhat dis-. , +
,aptoiIntiIng.? 

LHRH AGONIST STUDIES IN EXPERIMENTAL ANIMALS 

[)etailed studies of the effects of tireattilenii with l IRi I agonists ini ma.e rats 
showed, unexpectedly, lecreased weights ;f* ilie testes, ventral prostate, and 
seminal vesicles; marked loss of testicular L I retel)t0ors: iti lowered l) lasnM 

'2 1 testosterolie conentration.2' - -i11. ,28 3(1.39,41) hlese fir'St S1ii(Ijes offered all Cx
planation for the disal)l)ointing results of treattielnt with IJIRII and its ag
oists in oligosperiic len. '2 Moreover, tie loss (,f test ictlar IjI aId 

'Ihese Studiets were stp)ol ted ill part by giants [roi tie Natiolnia! ( ai te" Institute of ( itnada. 
Bosellit was .getin'rosl\ skupplicd by the I lccist Pharille;t(u il ( inipaiy. 
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pi'oliitin left-plols Jptl\'iticd tiht firti possililiccR'liatlisilt hit' the itiltihitotyN 
effects observed. 

D eailedtgt ofseod !u tldltcj.s sh vdta l( ca gsII2~titlr1 i1oaiOVI\t tile lm'st'xllt' cmlliiillbe of11( Ihbtidon til lycIttiIsgittI 

teri l t*i Ihi1)- ks l~~Iiiitti tte"I('llc s litm(Id g 1,11 at l~I I IiI 11 (ic I dttej 

] 7-h vdIS i- -ni 13tits lase amI. 2I oll I it itt'm sli weredllm ts w . -,t\t." lic 0' 

loiii s e ilt it()IIg ~stesil c (j ilt ' uggesii tIhtllk ift't ed:i' 5 o2 IMn 1)weeks il-

Ior 2 itl-liOwt- t'hs siijimj ()f il't!)llhit'lll.-'t d (h g l t Illy 

lot lliliil o fi'' sno fIc ai llls~''ll(-
3.Il( %i ep (-ci c(d (X (,s ln Il 

[()I's il 't'.sti I itl itigc of Ii !:)I I v\lt oiiiidi-i t', vt ttIcc I wk(itg Ic ittmh ve~siiit sleioidog ti I() i's Imnil ti plc lttiv' lilt possiilit ic~ii 
tsiit s cisi' kllI~t~i i nilell l ici II .1 i tin;is otimi .* bI il u 1111iii l 

oInieadlill. lt' lihnitif fc"(~~(I iiiipoiii 1I (1]14)1c lcP s Iwlnt licilu wit)f 

[hcni 1 1' (its lilihou spcs dn 133t'\lttcI iit d J)gc.IilctII c dliulnlot cafll 

s i 3hcitsc1W 'Vitth ()\(d-I -Ii(R si-iiiU lolmi7hUi B't'titt2I 8 wes (! 

4(333213u t AII I:I illjt'It i~wh,, ter3 O(1113. 
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inhibitor of testicular mten iilogctcsis. "v studified thc I'c isus of smrut IA I 
and sten~i(1 If) tIinTwitlg fitis of Bmucrciu. 
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CHRONIC BUSERELIN ADMI1NISTrRATriON IN IMEN 
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A#tl tdirnistion of I~tisvi Wilar Ill it)i ugilcill %6ith I(c hllita shofwillg 
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FIG. 28-1. Effect of single intraiiasal adiniistration of increasing (loses of 
Buserelin in young adult men on serum LI! levels. Data are expressed its means 
±S.E.M. of values obtained from six subjects pe group. ( = 1I' < 0.05; ** = P < 
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FIG. 28-2. Effect of' single intranasal administration of increasing de, 
Buserelin in young adult men onl serum testosterone levels measurc; i, V
(0.-), 1500 (Q---O) and 22(00 (A-A) hours, Serum testot~sercfle vets were
measured on two pretreatment, one treatment, and six posttreatment days. (* P 
< 0.05; ** = p < 0.01.) 
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FIG.28-3. Ef.Ifect
of twir-d i itst lisd Mi'listration of 200 Iag Buserelinl inpatient with acaii-cr of the pilostate oil (A) testostreroeat 8 ant. - 3 p.m. (A-

and (B) LH-levels meastiredA)and 10 p.m (0-0). (Op,en characters
represent values obtaincd Ieehre Buserelin treatmcit and d0losed characters, valties
obtaited dting the I I-%%eek ti atninitI pctiod.)
 

Figures 28-6 and 28-7 illustrate the responses of two other patient, 
 treatedwith one daily su bcuta neous injection of 50 pg of'Buserelin. While in thefirst case (Fig. 28-6i), testosterone levels were 60 to 75,'' inhibited after onlyI week of treatment, the second patient (Fig. 28-7) show.s a clear decrease of
plastna androgen levels-although most of' the injecti flSa small response. Intthis patient, even of the agonist elicitif the LI- respoise is decreased conpared with the first treatment, there is still sonie degree of' response even 
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FIG. 28-4. Elftect of twice-daily intranasal administration of 20) ,gBuserelin in a 
patient with can(er of the prostate o (A) test ost(rone and (BI) l.1- levels measured 
at 8 a.ni. (O-------0), 3 p.n. (A -A) ilnd 10 p.m. (O-Q ). ((pen (hlartcterS 
represent values obtained before and I nuonth after Buserelin iIeaiIwnt; closed 
characters, values obtained during 19-wek treatnent period.) 

after more than -I months of daily ad1niiistratio o Btscreliii. The daily
small response in tesItoste rolie levels rny well l)c seconitl.irv to lle.+t, low LIH 
surges. 

We also studied changes of the LI- responsivetless to til cptidctl various 
time intervals during treatment with Buserelin. Figitrc 28-8 clearly shows that 
chronic intratiasal administration of Buserelin nearl' (onplctclv abolishes 
the LI- response to the pcptide. That this pituitary desensitization is revers
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FIG. 28-5. Effect of twice-dilil ilitraitsail administration of 500 pg Buiserelin ill a 
patient ,itlh cancer of the prostatc oil (A) tesioste)nue and (B) I1. levels tfleaSUreld 
at 8 a.m. (o--o),3 p.m. (A- A) and 1( p.m. (0-0). (Open characters 
represent values obtained before Buserelin treatillent; closed clh mtcters, values 
obtained during I8-week treatmet period.) 

ible is shown by the return 01 Ilhe senu n LH levels to normal I mointh after 
cessation of treattmenf. ThIhS tvpe of response is Found in the great ma jority
of patients, with slight differences in the magnitude of" the 1. -I inhibition. 

In all patients, the sermI levels of the piecursor pregll-n(oloe showed no 
change, but levels of' 17-011 progesterome responded to tile agn ist with a 
pattern similar to that of testosterone, thus suggesting that the blockage de
scribed at the level of 17-hy.roxylase ill rats also exists in men. Ol tihe other 
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FIG. 28-6. Effect of daily subcutaneous administration of 5() pLg Buserelin in a 
patient Nvith cancer of the prostate on (A) testosterone and (B)Lli levels measured 
at 8 am. (O-O-), 3 p.m. (A--A) and I1)p.m. (0-0~). (Open characters 
represent values obtained before Bnserelin treatment; closed characters, values 
obtained (luring 8-week treatment period.) 

hand, the situation in man differs from what is found in the rat. In this 
experimental animal, an incre-.,se in 5at-redtnctase activity (reflected by an 
increase in anclrostane-3u, I7p-diol) follows treatmeot with L-HRHI agornists, 12 

but no Such inciease is found in men. 
The app~arent variability :n- indlivi dual responses can be attributed to various 

fLIctors. There are clear differences among individuals in the p~eriod of time 
necessary to induce dlesensitization of the pituitary-gonadal axis to repetitive 
administration of LHRH agonists. As seen in the preceding figures, some 
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FIG. 28-7. Itfe of (;il,SUI-uluta1(1'ohIs iotlhlistratton of 50 pLg Buserelin in a 
patient with cancel of t IleJ.statc oil (A) testosterone and (B3)111 levels measured 
at 8 a.m. (0--o),3 p.1n. (A---A) jiliI 1() p.m. (0- 0). (Open characters 
repr-'sent valtes obtained Ixlort. lhtserelizt treatnctt; Closed characters, valhes 
obtai.,-d luring 17-week tt.tilllliJt period,.) 

patients show a uca-nv ,comle,.te;aisetice of the L- response to Buserelin 
after only seveti aditministrations (Fig. 28-3), andf others show some response 

after In n t lisof' tre;tt1etl. The sanieeven is tie for the decreased serum
androgen levels. There are also sonic differences between the legree of' in
hibition at the pituitary and testicu,.I levels as evaluated dluring the 24-hour 
response stuldics. Variation of the degree of' desensitiiation at the pituitary
level may well be rellected on tae degree of blockage of the steroidogenic 
pathway. 

http:comle,.te
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FIG. 28-8. Effect of chronic (3 months) twice-daily intranasal administration of' 200 
t.g Buserelin on plasma l.11 respontse to Ll l-teleasing )eptide ill a paticit with 
cancer of the prnstate. 1,11 levels following sittiulatiotn at the first admin istration 
(O-------O), after I titoitIlis od trcatle t (0- 0), III I Itiotiit post-ticatllt elt 
NA---& ) are shmvn%1. 

It is significait that the satte individual can shoN occasion al fluctuations in 
response to the leptildc during the course of" ticatntnt. 'This is well illustrated 
in Figures 28-1 and 28-5. ft i inhilbition for some weeks, [.1-f as well as 
testosterone levels rise, thus suggesting that tie pituitaryi/lr the testis call 
escape from the in hi)it(ry effect of' the LIRI I agotiist. That esa(le seems 
to be temtporary '1t1 soMie cases, withi a seclitd lweringh of' scut hlIhornine 

levels. 
Close examination of the data pullished by 3 ergquist shows the same 

phenomenon after daily subcutattons inject iot0'. of5 [Lg of the peptide. After 
an initial inhibition of' testosterone levels.,iich reach ititinial values "it 4 
weeks, there was a progressive increase ol the Iplasila levels wit Ia plateau at 
values midway between baselinc and nadir. In that study, in spite of the 
continuing subtlltaneotlS injection (if 5 jg of' l-St.r", itere was a second 
increase of sern in tesiosterone ['Or the last 3 weeks. In addition, the filuctua
tions of testosterotne levels were )arallel to those of' scttin 1.1l levels. 

After surgical castration, circulating levels of*antdrogens origiaatiitg from 
the adrenals and frtom peripheral cotversion are still ltneasttiahle. :' Those 
androgens have a potentially adverse effect oil the gir(motf of' prostatic car
cinona. The use of' antiand rogens to neutral ize these residutal androgens 
acting at the cell receptor level would then be an interesting approach. Fur
thermore, the combined treatnent with LI-IRI-I agonists and antiandrogens 
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LHRH in Hypogonadotropic 
Hypogonadism 

WILLIAM F. CROWLEY, JR. 

WYLIE IV.VALE 

JEAN RIVIER 

JANET V. McAHIIUR 

Since the discovery of the gonadotropin-releasing factor, LHRI], considera
ble infoinmation has been acquired about its chemistry, metabolism, anid di
agnostic Cyonsiderably less is known about iis physiologv in 
iunmans. Curret, understanding of its role in pituitary control in primates is 

" ' derived primarily from tracking I11 pulsations ill puelrty and mildthood : 
2 hIilils,12 a1nddirect mleasurenllent of hyN)ophysial-I)ortal levels in 1nn alml ill 

gonadotropiin respoises itleliding its diagnostic use." 'Nmome rccently, alllti

tion has ttineld to obser-vation of' patterns of gonadotropin imlt-a dimiing 
prolonged administratimon of IIRI] an. ,or its analogs ill (rcmi'tiinst;itcs of 

presumelId .lRIIl deficiency. lhis scasolal b)reedhinig anillmds," aililt" fill
cletis-lesiotied ,ird prcplibertal , l.tieItS with ;aloitexia net'amkeyaI( 

rosa:" have serCd as use ilmodels for such studies. 
To gain fulher insight into the niature of hypothaamnic-ituitmv inter

actions in humans, wc emphllCd an)ther group Of' l)aticits pl-cStilil)ly de
ficient inendogeiiois IlH1I I, that is, men with idiopathi hypogonadotropic 
hypogonadism. By contrasting the responses of' their pituitary gonadotropis 
to repeated administrationi of' a long-acting analog of' LII RI I with those en
countered dlining Iulsatile delivery of' the shorter-acting natural se(juence 
decapeptide, we have been able to delineate s;everal important diff'reifes. 

MATERIALS AND METHODS 

Patient Population 

Seven men with idiopat hic hypogonadotropic hypogonadism participated in 
the )rotocol. l1-Iistricatlly each demonstrated failu re to undergo puberty )y 

We giatchilly akttowltdge the dedicated assistantctof Ms..Jutdith l)Dontelv, Ms. (:;tCalov AI
bers Ms. NancN, )ela cv, and Mr.Stclilet T'rigili,. Tie cooh)ttatiou ()I* l)t. Robetl Ntcr alld 

the st;uft of the (RC is gicatyv appreciated. Dr.hiese Beitins geitceotsly ItelfolioCd tie Iioss.os 
of the LI I il IleS sobhje ts.These sitidies werc stpported in pait by the (Chnitcid RustaIi ( tiall 
(RR Iiti). 
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age 18, incoml)ete virilizatonil 1 rio0 10 ;ndIogeii titera),, and no systemicillness Or psychologiC 'eason fhr 

androgen repllcemetnt f1O i Of 


to lotwt is d(elav. All had discontinued 
tliii three nionItlis prior to the study.

LahorarlorV assessmen il alhe tille revealed these coiditiims: 

1. A low serumllIl I.1 and I"SIl level 
2. S ruI testost(erone(ti( c(.entrallis ill the female illge 
3. An XV kaiyvomtvpe 
4. Nor-mal baseline atnd slitilulated levels of, TS11, plolactin, ACTH andg.owth hlnilotle followilng itsuliln-indiced hl)<Oglvceniia (0.15 p./kg) and 

thv -piul adlinistration (20)0 vg) 
5. Normal sclla polytoniogrtaplhY 
6. (onads wih histlohgic caipalbilitv of' i.e,.Slpotnse by tcsticuii.u- biopsy.
 
FourIhypogoado t men
li wI o et ill of' these criteril participated in 
plh lies I hrolih III () thoe pi mocOl: six (inlclding three of the original four)we.'C stiIdlie iI llit c IV. 

Protocol
 

Baseline Status. *Ilie patitints were admitted to the Met abolic Research Centerand ilf'rimed contseit was obtained. Bloo d was then drti at 2wl-minute
intervals for a period ,f 12 limtlr' fbr sltbscqetnt ( tci'tninatioI of FSH and1II le\sels. Estladiol and testusteronme values were deternine(d eveiy 8 holr'S 
for 2-1 hours. 

Initial Responsiveness to fD-Trp -Pro1'-NEtI.LIIRIH. l' hlwing this haseline assessment, the,. patients were ,Idninistereld ;i dsc of the I.IlRI-I subcutaneously at tilie 0. Serull for 1.11 and FSI1 determinations w;+s obtained at 15minute interva\ls for tIh' first hour, 30-nhir1t. inIterCval fOI the text 2 hours,hourly for the. next homr, and then 2-houtr intervals fIr the remainder of the2-1-hour period. Serunm testoste(onC Was iieasured evcrY 2 hours fotr the first12 hours and at 18 and 2 hours. Al stiudies weT ,'!aV:& hxctw ecn 8 and 10 
a. ii1. 

Pli.evious stldics have doc nt-litecd that the initial pittiitarv resphOnsivetlessof hvpogonadotrOp i( subjects to the I,1-I RI\ is i filiction of prior exposureto the IAIRII ,lather thatn its actual dosag. ; Consequently, the initial re-
SpOnsiveness to wasthec anahg defined as that observed following tile firstexposure of each subject tI( l)-lrp-Pro9-Nlt ]-I RI I. Two men received illinitial dose of I) ,gand IwO othe's ,cct'ivcd 100 p-g is the' iirst dose. Sincethere was int it siguili cait diffeece hetweent tliese t,(, sets of responses,their l)ttterns wcre asIipoled the initial Iesponses to( [l)D-rp)-Po"-NEt]-

I-RII. Subse.quenly all tesling (itItilig chronic administration of the .IIRHanalog was )tfOr-nied with it standalrd 10-Ig bolus based tlpon tIhe previouslyoIbse'ved ability of this dose to elicit it bipliasic pattern of 1.11 release inIorial mllen and to [iciliatt, cmilparisous between the valious regitnels of'
ILII RI-I5 adminismt at iotn. 
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Treatment Schedule. Fach s11 I)ject was treated wit Ii I I)D-T- I I i~Nt -I RIR I)'- 14A 
(LHRI-I adI/or th at ive (lccdjwptidle alcording to) thet followin-ig f'our

phalse' protocol: 

P~hase I every .18 hiourI 1 wee'ks1.1IIRII \_ -50 I.g m-1()1w 
Phase I I 1llI RI -1\50ig every~ 24 hoiurs lot- -1w)6 weeks 
Phadse II 1 1.11IRI1I 10 iLg every 24 hou)lrs Iom 2 H( .1 weeks 
Phfase IV 1.1I R I (naturaul stquncew)--25 ng/kg CVLI.y 2 iOurs flow 7 Lwxs 

hiL jphysiohI)git dtiil 4) the IA IRI 1, dten have been sliwi jnitiiA 

ali wa'.q self -adllinlistered sili~ltlleoik11015V ilfi inisulini nieedles ld s\

v(i.\u\ilt Th natrnal qunc,iAssinil %ifts(duitVIT't1 (I SubtuI) li' ViiMoi 

vielgoladmequvale()pil cula ad )It su t-mi llillitlil 

o, lige ofIfitabI IR l Iis 
111011t~lI)'t i hi niniI1 at ssrlu i d t'aistof b o~ i) 

ihutI %tltni it( byi)t pIpfu)ra ilitid Slinfuion pd 
Is ai~ltI' i i ti l l.( fIIIion 

tlcsil rc ht hcalc Raitit the rttxahl dosageI'I'wii Igi than()I -),r a. 

2(;ot li ie "attx' lnld N inga shit 1)lt.Iiii IRt niuh1Iitl'atud 

t1.III uisa I I i 2iIIIAii)iI )H"aso~i ii.Aollv -oti' BII l(-(ic a t (I)(
withcan (It'l,ISrc batch1( pr1 I(a ) 0 adiltitaii)pllh]iiis~e iorE Is, 1 1211" 

f in lt pm desI.-;l( gNoiiii li oll Il dIRII \ 1 l (ilwaIllI ld Sm 

th s itill t s"'of LII. ne11, SIOi'd(Iini Solu! to I't IMl1S.. INI ltl'ol lli 

to lit c ( Wd5 otS ic i iiil Iilli OF !A IR 1 ~i f'(Vtial Sil (dit , 
f~I~il i ,(0( I finhn iii' d I 

l 0S .1. StICl n , ~ILI 
upm i I hi( l l(ililii -lcausefi prsi stent'I I'\ i inll 

scril(5l~gmalt'q~l ()I'tt ) Ila suwme is SoI'M. ( llrsot o split 

iliirnd'~ar ts f )1 L l n lw linitia it(l litsif')ig ose hlt- IR \\itsai S 
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to the LHRH A.Responses during phase IV were compared with tile results
of the baseline status as determined by LHI and FSH levels every 20 minutes 
for 12 hours. '['wo-tailed ttesting was employed to determiue statistical signit icance. 

RESULTS 

Baseline Status and Initial LIIRHA Response 

During tlie 12-hon r 1aselinc monitoring prior to LIiR .. mean 1.I level was
0.5- 0.02 ihIU/nl: FSH, 1.3 ± 0.05 n lU/nl; testosterone, 55 ± 19 ng/di;
and est iidiol, < 20 pg/nil. No discrete LI,1 pulses were observed. 'lesticular 
size was -1.5 t I).,h ml. 'estes biopsies revealed varyin g degrees o inmaturity
of seniiniferlous tubiilar development and Le'dig cell morpholgy. In one 
subject, there was no distinct tubular forriatioi but tlw specimen was quite 
small.
 

"'lie initial -spmise to l.1IRIH, resulted in an 11 rise to 1.1 ± O.A ml U/
ml (' < 0.01 vs. baseline), which persisted for 18 hours (Fig. 29-1, Panel A).
The FSII mnaximi of 2.8 _ 1.8 mlU/nil (' < 0.01 vs. baseline) occurred
30 linutes ltaer and also persisted fOr the duration of tile sampling period.
( ;(Mita(11 steroids did not chiaige throughout the initial LIIRI I,exposure. 

Chronic LHRHA Adminiktration 

r*-ase 1: 50 pug LI-IRHA Every 48 Hours. Within 2 weeks of administration of 50 
], everyRI-I, other day, several changes f'rom the pretreatment status 

were evident. All subjects volunteered that testicular d iscolntort had occurred
and was In< st evident on the same day as the injection. One subject noted

descent of all abdominal testis into the scrotuml 
 by 1-Idays of therapy. Tes
ticular size had begun to increase by 2 weeks and achieved a new plateau (6.5

0.8 ml, ' < 0).05 vs. baseline) by 6 to 8 weeks of treatinent (Fig. 29-2). The

oly stubject failing 
 to experience a change ini testicular size lacked distinct 
seminiferous nibular structures in his testicular biopsy.
 

Ihe gonadotropin responses to the standardized 
 I0-R±g LIIR., test had 
simihly changed (Fig. 29- 1,Panel B). [he peak LI I level achieved was now5.0 + 0.5 mlltr'/ml at l10 minutes (1' < 0.001 vs. initial response peak) with 
an FSiI peak ()f 2.0 ± 0.3 mlU/mil occurring -15 iniutes later (NS vs. initial 
response peak, 1' < 0.0 vs. biaseline). Seriml teslosteri)le landestriadiol levels
did not change ihroughout the 2-I-hour period. 't'his pattern of
pittlitary-g madal responsiveness was estal)lished after 1, days of' LI-IRI Atherapy and did not significantly vary from 2 to 8 weeks of treatmnnt in Zn y
of*the patients. 

Phase II: 50 jig LHRHA Daily. Increasing the frequency of LI RI-lI,to daily
administration caused all signs of a response to disappear. All sym ptoms
subsided and iean testicular volun returned to 5.2 ± 0 iml which was 
indistinguishable from baseline (Fig. 29-2). Gonadotropin responses were
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FIG. 29-1. 1,11 (0),and1 I:Sl! {e split, o, foul pgollmlhotrpit0 hItt ,'lwviil}) 

hypogonadisin to II0 [ig [l)-lti"-Ivt-o-N-t 1-,I I,1(1.1tRI I9)fotlhtmijtg varitts 
treatmet schc(Ittes. (A, /)/P 1,lpa ntalC t siot ,si\,s lo .I I.RII, Itlior lIoI-t";pl 1 

treatmnlt. (11, 1'1)/pt'? )f/I tollhBming a .?qi, mr/! ,splisivcll'ss mI~inistrili{}n of )) V g 

LHRIl on Aitm ntwtte tlays for 6 R.,,pn(,stictttssIo8 wteks. (C, L+,,at',', /'t/to'lj( % 
following aiministr;atiotn of 50 [Lg 1IIRII, dalih' ot 2 Ito .1w.vkt. (I), I1,,,, li4/t 
panel) Respotnsiventess tltlhwitg adtlmitinr 1) gf10Vg IR,It oir -Ititt of1 ity2 Itt 
weeks. All restults mttt tn S.I.M. (Stt tltlils.)exprsset as nalt fXl()1 

similarly (ll)tC5ess All'Llt 1.11I k t 1.7 _1.3 tnl ;ltFSI I1pctk Oft I.,5- 0.2 

mIU/ml Occiurrel at 9) minutcs. Ncirithr Of' thesc liftcred sigtidliU'ttntlY from 
the initial LIHR-I rCsi)O}nsc (Fig. 29-1, l'micl A vs. ().(Gonalal swl-oievi h've' 
also remained Uitch;igct(. 

While LI-IRIIld was al )Jg le (fw (illd(tilistrittt (ttllliuc{ 5) tLII\. li 
responsiveness to hC({ wiis I'eascssl and( t(Tll}:)rt'dl with (h; 11l~tittd 

-pretherapy ini three of'the htttir paticnts. Figmni IlI ptircitl29-3 t<ompmintr, r 
ment hCG(; response with that othscrcd during flalih ll f 50 tL:Idtmitlist tiOt it 

LHRII,. The p)(k testi}stlclc oli tlav 5 oif 230 :-8() tg/dIl lid nol t titl 
signific¢anly '1)1Nr th;I tol)tlin(l prior Itt Ll IRI I.\tItlmilisl;Iltt. 

Phase Ill: 10 ig LHRHA Daily. hiin the (hls;gc Of IRI I "as rtcldtt{t to 
10 jig daily for 2 to -1 weeks, no fI lhrtlt clitl;.clltlges wcre ('\i~ftlt. lTstis 
volume did not vary signiticatly (5l0 + O.-I tll) tfioii lirciit{, itll si/c. 
Response to the 10 pg IHRII hols, how\cr, was sigititiiit ly (Iifet ctt. 
LH responsiveness was partially restored a lcvel ot' 2. 2 Iwith peak 1,11 0.3 
mlU'ml at 2 hours and a peak FSH reSptiseC lOt 1.5 ± 0.3 ill I I/1l (Fig. 
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phenomenon occurred in the face of high levels of endogenous lII. Several 
possible explanations were considered. That the .1-I bioactivity was dituni
ished was excluded by the finding that biologic :n(dI immunologic activity were
 
proportional as examined in the dispersed Levdig cell assay over a wiide range

of' sertin levels.2 

1 PrevoIts exiel-ierece has also denonstrated that ile 1.11

secreted following LHIRI-I., stiul ation 
 is capable of elevating edloIget()us

gonadal steroids iII normal men." Finally, the gowadotropinys secretld itt ie
sponse to Ilulsat ile LIIRI-I stinulation ptoved capable o'elevating testostel
one levels in tlt same subjects. All of' these observations indicate that tile
gonadotitopius secreted UInder the influence of the [II RI are Iiologically
 
active.
 

Since previous studies have documented a direct gonadal effect of I IRIl
 
.and its analogs, j . .21)a repeat hC( stimulation test was perforimed during


daily administration ,)f50 iig ol' ttle L IRIl . aul comlpalred 
 to the pret1t'eit
ment test. Since the tl test revealed sittilar responses, 110 direct goadal

effect was 
 alpp'arent etrplovitg these criteria. The possibility retlaits, how
ever, that any direct gonadal effect could have been overridllen by lie large

(loses offh(:(;. A similar ability of h((; to overcomtle the direct inhibilory

effect of LI-IR-0I 011 stet'oidogeitesis in disIimsecd luteal cells has Ieen )b" served. ' Alternatively, the direct gotladll effe'cts of' these analogs Illia' tot 
be tnediated prima-ily by Levdig cells." 
Al att'a(:tive explanation tot' the fLilte (if gonadal respoiscs (b1ting

LIHIR.1-I thetapv is attribi ltable to itle elalivelv uniphysiologic mi)de of Ilil 
delivery to the gonad. Several authors have toted a desetisitization of' IcstliC
ulat' stetoidogetIesis dIIritIg hCG adilillistiaionl o tihe prolotnged ci(h)ge
;(ous I.Istimuulatoti following I-IRII us. (.ertainly, the testostetlole rises 
filowiig pulsatile LIIRIl administr'ation were quite itnpres:,ive, suggesting
that the testis, like tile piuitary, might pref'er episodic to continuous ltrophic
stilhttion. It ,lUilas n1ore data will be required to clarify this issue. 
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Discussion: Studies of LHRH Analogs
 
in the Human Male
 

ELSIMA 11 MEUKER CO UTINH0,31MOI)IUTOll 

(1iical itliais %%ith LIRI-I alnlogs hiave con!irmdIiI Ic cxpttu-Ic eI~euis oil theSC(iIHioii plIittlitadFN goiiadotropijls andit sCeflhi(Ii! clic(I5 ot goiiaclal sic

ill gllai ll-opWjirs adt CSlostcroiic sc(it'Iiuiis. ( )Ile cst (Iim .HL\ i.i tic(I If l 

i.Il R litinni i ci rilI i lit. Il vits as do. tij1i1c iki ,ia v l~ol lc ls 

(111lieU l ill his paitc;itii s , g csdtroiti. lVil I' It w ilillg ilie hasl-Vte t nei-M11itilt o ltJtci ij)ti i iiltti, bloodI it1ljlsbt t t ikcililt hu ti fiioti 

Slu11iciltS~lStroid Se.I.StO nso tIl tt1sit It)iit l dosailtti c mi \ t-1.11 ; ii f t!I(,ll.h
lliit crc IlOt~lai t tN fiatsm l o i lid\ienlu its (t iiili (il Ow d mIt-it s 

1717 g v ccf*..I d i i e il l e p o d l i s t ~ . 1 
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there were rcpr(diutill' inciasus illcstradlidl illll ucc el hw It's10s
terone lIhItVtl' el(lill ItohimC lIlheee I ist lcLI f()\%,levels: FrLe lts it e efeIt'll 

ever. li lmllg-te lt atme wi file
n lllllt'lrlt th ulhalees. ll)e t'ctlinll ill t'siialiel is 
observed. Ini ft,r a tall ini t',tr lio ICt\t'l his !ct't'lltleeiii . (ofiiit'elltc t
 
effects i , tt' WhOiitMof 17nn(h=-Nslasc etlgit.I'. lill tillil g

,nd (hOs~ig(, i'Sll'etl h11.5 I jielei illhi)il't te
l l ie Ie-ll\Clleextlit 

7, 2,ini(I -dcsl ,mltCst , t liik It't\,\'e' lit' 't,',, 'eeltllie ,ie;u\'tt it' ,t('iee (iIh, kH
b)e (file to lite fi(f thatl lhil lmlalllisc is (4,Itinlk l\ illal wtdtIh,1,11 ,'Ind 

descisiti ldaltd sit c l I it'.
 
M aijm.et()lu(sielis (I ilcit' (list ,',till\I ct'tthu ill\ 'stig, m , fill.
,l sitdci

able x ritt c ill hCi(it lIe ,CI t it( tli\ Ie I Ictltc t1 lt'ttal eIits
iIl se ti, im ols t p r i n gs+; 'st ll l i'sd tl l It. ,lalf ,tit( ( ';illll tlist u i uleio 1() hec tc t'\ h i!) u 

w h e t h e r . a n dtill \\ h1 Il+ll ,tilt tl 'tll t s t1
a l t , ' ,lr(tI '+ts1a l bI'I,\im~. "1he ' 
t)1r (A h ,s i a n duiI ,~ I( !)! l t " (11 lilbdt<> ,tti I lill 1,(,)..ill 11141"1 alftll'ls,I t 


I,, IIIii li hhe k jet at blcatd itstlnids ile it' tilt' e t(idc"cklijllt'ili Ili t'li iiiilcmalt . 

,with t'xe
B tii ' t'ttieell ,e1Ltss jIe.l Il, t lfi 'lin ill hili L ,e.l ,le,eiii "'c
(retiti (It' 'l i'leelie- l.t lIs' and e l st' le,' ( l Ilii(h, lh4i j l itell,l''t l l'. 


l'rki lavesa li pis ehiliai t'ie1l tlii', i 
, 
Ic 
\.


ht('h t'he illm lieii. saws tll t t.1 l'idc 

eifects disli'tcdl bt, ipl-'' ie ii", iilhi ie ten's lee julie ti ll 't itt,. I llti.e;
titiih 'lv,stl ct1.1 ,gs ,tl1lee tit'lt. si set lIIl teI'me'.l ,aned
Rl I alilee iii1 'lplees sis 
i ertatInella f)1(11 st',Ilt ] ,'Is h IIull ctll :I e lm'v' " ()l eil'. Ii I tl ! I tIi, I' I
 
libido will hc (milliCtl' l,be aUiUle'(d' OWtielilt"e i2l.IIiil 4l ' C I.l
ei el 

;tlnd ]m el'dl cI ('.l'Xe(l 'lt't l ktI . ls eet j ll ",ia te' c t ihtire l iel.t lleI IllcII
 
into sca.stthie sl els ell) hs )t '
(e1tlt'j,,) 1e'1)e ('e "l I IltraIcepliv's.. As Illm clts lin!dch ', Id ,,U~', le stl;Ilt'I ' Iandl~ In(als, Ilg(( (l+'t+tl [his, pts

sit ilitye l v , I lil't'lt'l t (l'Ic he i itt'breeding is wi(N.S!)cad.lt i. ) I i t'eie' I\ :h. iilg t%4sle." utas( ll atlillial spr(~i(", () tltll~l'Itnd t(dl'ls,at.11,l1 1,t", t( 
anima~ls \v,'h Suri\:al tml~lIlli,',I)(-( i'll t~Im M+c~l.sc ~~t tic ) Imli\(' .S tll 

treaitlawith a lit lI I mhle ,,(t'etestIi le'llt i' ,i s"e i iu m uitlis ee ii,,ll s lsl
 
that (l alsiit.c ,
m l C ltIllitliI it'sjltis t Il ill k. ([ll tiig, lht ,,ti' 

low s xutil a(fititi,, ,tie l' : ,t'1gtt l it, jitl l t ,,' ll dc\it' hisp
illlatliilul I' t 

testicltes ;it'( lt'iefit.ilt'(. .111eepeli sliiies, lt'hje li eIil(- ( l iele'lih l 'i l iteel
i csi lt'this ,.lit'th ili tal le t' l 'l I ' ( ks I ,itei ts, hig ts, ,(-ie l l ,ls.mt( ii 
oth lh Ill it'.s lit' )est 'ssill l l Ilee e'Itiit,1l's.(nd e ee)1t itrs II,'eIIeeiti,. 1'I1,t 

ru ,eelll, ll l .. eel illel ti' " (IiI(l ll si, t tilg ,t'c( ,i lleltl lllt, lla i a Itlle' 


+
sexural a(ti.tilt. A.s eeeil le,I 'el +,[)ening o, ( if tt+~ t('sscasllm s e is (tl"., ilel ', ll t"IAeil i.+ll( Ilills'+li it Iinglilsc;ls (l a( itUe i eee cl"ll.s11;1 bc(ltaml'. cptal c a t lt
W olt d lil i l it t ' l Il te-Ila( tet hat.iig . st, l I: ct'til 
 s Ill sc I 'lls l e ')CIilillg (li t'c t ilt llilstle'lll t's,. st',1ietiiil stX llttt Iteeejinet .e e e'jetalle ltit t e<.li 

desi'able. le lil.'(rfill](' It'i. t t , ill, eele hlk Itlei iet,,s , \\ ill iei a elil l( t ieit',l 
to sell.I Ii C) t teeIllk' tlit' eie'e'icl-ldit 1.1 1RI I alial gst,I t'let.lal\\c lt.,I.,

con~tinuct Ill t men':w'ith ,atllItI tllieat tll 'cil It'cpl~at illt. 

i 

ContraIcttpti't's. Vl ioiiC irte 


A final Cumeiliit licg ilds th Ilt'c (elallilitIit Ii()IlIee.I I I ,ualeegs as 
us IIl ,illlit; tl'lilt' ii'e'elleer" li alllillisi litiell. 

http:wi(N.S!)cad.lt
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we are tryinig to (developa substitute fir the presentlv Iitillle cotIIIcp tives, 
however, we must aim at alterinittives that offer slibstalitial a(lvallages over 
the pill. One such a(vanltage woull(d )e long-lasting action, which would o)
viate the need for daily administrat)i n. No ie (f the analogs discllssed lere,
which are the first cotul)oll(ids to reach the clinical trial stage, presetits long
acting possibilities. It is likely tlit so1 of those ill carlier stages of devel
(opintlitwill offer this advialltag .. 
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Metabolic and Dispositional Studies
 
with LHRH Analogs
 

JURGEN K. SANDOW 

GERTIA UD JER1BEK-SANDOW 

BIRGIT KI USS 

WILF RIED STOLL 

The control of fertility by new methods requires characterization of the therapeutic agents with regard to the mechanisms of drug distribution and druginactivation in Ile body. The highly active I3-1RH nonapeptide agoirists studied today in the development ofa peptide contraceptive were derived fromthe LHRH decapeptide by cheici al substitut io1. 23 The result has been astriking increase in biologic activity, so tlat (loses of I to 2 Kg sublcutaneouslyor 100 to 200 pg litialltsalv are given as therapettically effective (loses inthe hunian. Ill experimental imillids, the biologically active doses are minute,and in tile rat, potent I RI iioitlpepti(Ic thxlanide tagonists elicit l.H-release alt (loses of I to 5 org suItbCUtaneously.,*2
We have studied the pharniacokinetics, organ (list ribution, and metabolicinactivatiotn of LII RII (Fig. i 1-1) in comparison wi th the highly active agonist,[D-Ser(Ti1J)" -lI RII (1-9) roiapeltidect iethlaI iiide (11,tser,in, Hoe 766).This agonist wil Ibe dLiscussed as an example' foi a g-Onl ) of similar- highlyactive peptides substittuted iii position 6 (D-Ala, 1)-Le, l)-Trp) and positioti10 (Pro-ethylamide), or- containing additioNal slbstittions in position 7 (NMe-lleu) or amino acids with protected side-chains like Ser ('I'BU) or Lys(BOC). Sirnilar-ly, to the str ,tcgx used iln our laboiratory fOr the biologic evaluation of, the c nt taceptive effects, we have systematically compared the distribution and inaciivat ion of the LI-IRII decapeptide with several agonists. Itwas found that the increased enzyme resistance of agonists facilitated studieson enzymes degiading the 1.111I--I decapeptide.7 .l.- ' ,2 Thus, the agonistsserve as model peptides for a better understanding of LII RI-I inactivation(because some of the enzyme cleavage sites in the LI-IRI-t molecule areblocked in agonists), for the regulation of hormone action at the receptorsite, and also provide important inf'ormation for the contraceptive applica

tion of the agonists.
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PYR HI RP SPR L NH2 

LHRH 

D-
PYR HIS T S' L ARG PRO NH-CH -CH 

tert. butyl 
[D-SER(TBU)] BUSERELIN 

FIG. 31-1. Structure i tlhe I'-IR I! al)elt(ptide and to the [tl IR- nonapeptide 
agonist. (D-Ser(IBU)j-LIIRII (1-9)utmt!eptid-etltttidm' (luserelin, Hoe 766). 

PHARMACOKINETICS OF LHRH AGONISTS 

After intravenous injection, 1.1-1KII is rapidly, cleared ftotn plasmna. The 
plasma corcetttrations reached after high d(ss o" 1.11RI-I are sufficient f r 
bioassaV. SCt-tinl sMtl)les of tnitals inicctcdNwith LI-l RI] atc tested for the 
iLH-release id uced in ovariectonized, cstri gen-pr )geslerone treated 
rats.8 1fi,0 lhe I--recleasitlg activitV it serum rcreases tapidl, With i hatlf
life of ,4 to 5 minutes. This bioassay procedure is tittequivocal, because all 
I-f RI- fragmeits have ver' low biologic activity. similar studies witl :agonists 

have confirned that the biologic activitv ill sCrtI tttL (creases with the sante 
half-li fe as LII1R1. Bioassay determition r'tquires (loses of, I00 vtg 
IIIRI-I IV itt rats, to reach serum levels d(ete :iable itt bioassay, or doises of 
to 5 p-g of iotapeptide agonists. Itt contrast to IV injectit, sertil Clititntat)ti~ 
is considerably prolonged whet agonists ate infused. After termination of all 
in fusion of, I)-Trp'j-I-IRI-, the sCrtti halff-life was 17.3 mintI es. however, 
in sheep, the activity of ittfutsed LIIRII or D-l eti'l-lI IRI- (1-9) tonapel)tide
etivlamide decreased with idetical h ilf-lf 

.Agoitists labeled with 12,'l are suittiblc tracer preparatilns for plIrltaco
kinetic studies, bcause the Imtlotto 1'_'l' 't )C)tidcs retain their bioh gic: 

-activity. I72 i .2 After IV injectiot of' 1 iCi (- ng peptide) of 12-q BlusCrCliit, 
plasintt clCarattcC is raipid (tfritg tile itst phase of' elimination, followed by 
aIsecond slower l)hase. This type of Clitiitatti t is identical with the biphasic 

,pattern observed after "'I II-RI.27 'The physical naturte of the labeled 
material circulating i1t seI'rum can be assessed by thin-layer cthrotatogaphy 
of, sertint extracts (Fig. 3 1-2). 1tring the fitst phaste ofelittitatiiton, intact I-151 

B userelin is ideittified itt scruti extracts, whereas during the sewitd phase 
nio )eptide matcrial can be detected. This phase is ctharacterized by high 
upttake of' "I into the thyroid, aid the radiolabel in setuni corres)ottds to 

2 2 circulating 125I and 25I tyrosine resulting fron metabolic inact Ivtionil . .' 

When serit concenttrations after injectiotn of unlabeled BlusCrClin ate 
mnetsured by radioininutrioassay, m ultiphasic elittination is also noted. I)ur
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elim inaltion of' BLIt l -Cl'lill ;lftllilt illiC,'ti()Il: 

v, 
Radiolahul rcstiting foir 11 1inscrteliri ilijOti(o)n tO1caOsuiood b'garllllh ootliting
(percent iitial rafiotcyvjt '). scruill txtl;t (s ai,tlovxd by 

t b%[ ,di, ' ' tl-rcktase indu ced in rats). 

(h-lIxIrollralroogriophy 
(peiceht adio oloef per fr:octior). S tcruorroextrt 5t Ioriro ",,(Itutifs in;tct turserelill(shadedlarea), scruinlt exir-at 60(rililtwos, d. n(.t c(Ot1(Iil fLiilcl pcptidt- material. 
Circulating rarcliolabc- is "I-Na resoluing from intialmo[ iuna(tivmdion. 

ing the imitta! phase, in t n reaci sVeB3usceli (IecasCes with a hal f-li fe of'3 to 6 ni oLtes, )llOWed l)y a1sueoiid slow coinponent Ictween 18 and 30 .miilutes in sheep),-' 52 'I'ie slow phase of elinniiat ion is dtie to the presence
of newly foi-ie(l Biuserejin metaholites, which are. mIeasured together with
intact Buserelin yllCert din on1apeptide antisera. Wle antisera with prefer
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ent ial iHi IitvN. )r B IISere! i I lctd~jI)Ilil.S al-( IaI I,'2 (ililnillllli 1 is (Il11 irl I)I 

prolonlged. I)il'-ilg inifisioji t'xI)Cilc(ls in vats w~ithI 2_5 lo 25 fig Bii'wrcliii 

dfuced li~' I~iI, ii V A11llc til t-'~ Xif lisatioll)!tit 411141 il4Ia 4'ill! (d h l lt'icl's 

metall'ite lx It\\ rc sc IIill 1111 [allit c (d it 6 ) 901 11111c" W.vi1.1 Bt~cic 

waiUS as fron'stl ll 1121 t'XIp i s lit llllcllaalll(I'N 0 T 14(1 :5,01t'1l 1111 

I)il. eIi ,c- iCS I .S' I( lds XIX(1t 'l2tiIi (dLilIt tllit' lisai1~ -Nc i tlislt 
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0. 30 

20 kidney 

FIG 31-3. Organ distribution of' 121 
20 Buserelin inrats: \fter IV injectionthyroid of I .Ci (5 ng peptide), radiolatel is 
10 - accumulated in anterior pituita-y,

liver, kidney, and tiyr(oid, Radiolal)el._--..-
 _--__ in pituitary, liver, and kidney was 
0 15 30 60 identified as peptide material. (Means

min after injection and S.E'. of. t rn its per groop.) 

pounds. For further analx;is, metabolites were extracted fron rat tissue insufficient quantity for enzyme degradation studies, and additionally characterized by binding to specific nonapeptide antisera (Fig. 31 -4). 

IDENTIFICATION OF METABOLITES IN VIVO 

At near-physiologic concentrations of LHRH agonists, the (loses injecLed areminute aim identification of metabolites is only possible by tracer techniques.
In our own method, identification of metabolites was achieved using a conibination of different techniques, namely stepwise solvent extraction, thinlayer chromatography, binding to pept ide antisera, and enzyne degradatinof the labeled matcrial extracted front different tissues. After 1251 ,HRII,there was no intact peptid-e raterial in either liver or kidney, at autopsy 60minutes after injection. In contrast, 6) ittes after 1151 Buserelin injection
several metabolites were identified in extracts of anterior pituitary, liver, kidney and serum. In the anterior pituitary, a metabolite NI I was f'ound, 5 which was not present ineither liver, kidney or thyroid gland' (Fig. 31-5). Thismetabolite was also obtained in vitro after incubation with a pituitary arylamidase preparation. In liver and kidney, extraction with 1-N acetic acid foIlowed by ethanol provided a material which (lid not contain metabolite M I 
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PURIFICATION OF METABOLITES
 

STARTING MATERIAL
 

BOILING
 

HOMOGENIZING
 

CENTRIFUGATiON
 

$I RI
 

ETHANOL PRECIPITATION AcOH-ETHANOL
 

RI SI 	 R2 S2 

DISCARDED ETHANOL 	 AcOH-ETHANOL
 

RII S11 	 R3 S3 
TLC ETHANOL 	 POOLED FRACTION
 

ETHANOL PRECIPITATION
 

S III R 4 S 4 

TLC TLC DISCARDED ETHANOL 

R III I Ii 

I-

R 5 S5
 
TLC ETHANOL
 

(CONTD.)
 

(CONTD.)
 

S5 
F 

R6i S6i 
TLC ACETONE 	PRECIPITATION
 

R71 	 S71 
I 	 I 

TLC IDENTIFICATION
 

I I- I 
ANTISERUM BINDING 	 ENZYME DIGESTION WiIH PYROGLUTAMYL-PEPTIDASE
 

FOLLOWED BY CHYMOTRYPSIN

1 

I 1 -
TLC ANTISERUM BINDING
 

FIG. 31-4. Extraction of' peptide metabolites from liver and kidney of male rats 
after treatment witlI: I Ci (50 ng peptide) "'I Buserelin. Additional identification 

at final step by enzvr,.e digestion an(d )in(ling to specific Buserelin antisera before 

and after enzyme dtigesti(;n. (S = su peirtiatit fraction, R = residiue. T1LC 

identification by thin-layer chromtna tography on silica plates.) 
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100 piturtor, arylamidase invitro 

control 

50 

0 

i52
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100 pituitary in vivo 
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2 hours 1 hour 

.- .)50 mI Mi 
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5 10 15

fraction no. 
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50 MI 
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FIG. 31-5. Identification of a lituitary metabolite of Buserelin in rats itvio.Degradation pai crij on ITLC plates is identical with degradation pattern after 
icubation with pituitry arylamidase in vitro (10,(00 x g supernatant fraction ofpituitalry ho'mogenate). 

and had RI"values compatible with either unchanged Buseaelin or the Buserelin (4-9) hexapeptide. Subsequent identification by enzyme degradationwith pyrogltamyl-aio)eptidase (PGIp) confirmed the absence of intactBuserelin, and identified this material as the (4-9) hexapeptide. In the thyroidgland, labeled material was extracted by I-N NaOH. This material was identified as ''I.25 No labeled peptides were found in the serum 60 minutes afterinjection of 125I B u,;erelin. However, when degradation ,as competitivelyinhibited by i)retreatment with 5 jig of unlabeled [D-lhe 2, Phe:,D-Phe1LHRH, a competitive LHRH antagonist, 


a metabolite similar to N1ously identified in the anterior pituitary 
I previ

was also fouind in serum (Fig. 31-6). 
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metabotites in serum 

0 . c ontr-F contror-


FIG. 31-6. Buserelin metaholites in so -0 
serum. Serum .xtri-act W minutes after 
IV injection of 'I Briscrelin (percent [ serum 60 mi 
radiolahlel per fraction). No peptide 
Material is recov'erd (t m inties after 0 

IV injection. After pi-t'treatment )1 50 
rats with the LI-IRI- antagonist [D- r 
Phe',Phe ,I)- Phe"]-lHIR, degradation 
of* iis o Nfi s serum withinhibited and a lit'tabolite Mt I is 0 PJ -- _ .a antagonist 

found in sertumli, corresponding to the 5 10 15 
pituitary netabolite NI I. fraction No 

METABOLISM OF LHRH AGONISTS IN VITRO 

As a preparatory step for the identification of netabolites of LI IRI- agonists
and the enzymes involved in degradation, in vitro studies were performed
with homogenates of various organ tissues. It is well established that pepti
dases present in hypothalamus, pituitary, and other tissues Can rapidly de
grade LHRH."- 'Ilhe residual LHR-I concentrations in incubation inediaR 
can be measured by bioassay in ovariectotnized, estrogen-progesterone
treated rats.' ,20 With this method, we found that I-IRI I is rapidly inactivated 
by crude enzyme preparations (10,000 x g supernatant fraction) of liver,
kidney, and neural tissues (anterior pituitary. posterior pituitary, hypothal
anIus, brain tisste), as well as ovary, testes and uterus."' '[he rapid decrease 
in biologic activity is due to the chemical specificity of tbe LI-IRI-I molecule. 
Both C-terminal and N-terninal LHRIH fragments are devoid of signilicant

-'biologic activity.2 This is also true for LII RI-I nonapeptide agonists. In a 
study on synthetic C-tertninal Buserelin f'ragments, 2 we found that removal 
of'the N-terminal Pyroti greatly reduces biologic activity, although at high
concentrations, C-terminal agonist fragments retain some ovulatory activity,
in contrast to similar LI-IRI-I fragments. The metabolisn of Buserelin was 
studied by inactivation in vitro with enzyme preparations of' various organ
tissues, and by degradation of 251 Buserelin with identification of the metab
olites on TLC. Buserelin was rapidly inactivated by enzymes in homogenates
of liver, kidney, and salivary gland. Inactivation by enzymes contained in 
hypothialamus, anterior pituitary, cerebral cortex, spleen, and muscle was less 
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rapid. This is ili agreeenlit with epolrts oil rtldltt(d rates of d(egra;talioil byhy p~othalatm ic and at iol'~ r pituitalry h ulllng ellltts.,(.: + 
During inactlivtation by iilnogellates of tat liver, kidlev, testis ltnt ovary, 

there w.,as a Canliltett idl-Iej)tiltfeilt it~d tiilic-dtl)eilitlil loss of ilifitiltio
reactivity, conifirming th Jlrpeselte of potent BiIUset-clii-(egri',lltg etz'nies. 
lHlowever,t lt t contibulltio I oft ilse inailivltitig lissls tOill/viv1tillltititiv' 
differs greatly, atd final proof by idetntifi(aiti ll f ilt-l<oites in rats was 
only akotiiled for liver, kide, amti! ,tltt'mi(r mihiuiallv. 

Degra(datioli bv purified tlilztic' ptpali'tiolls providc'll ,t lr spetilic 
answer f'o the irlr o tle liBlst'elil-deglrluding t' ltos. Jl(;P tEC 
3.. 11.8), t(lyi otryt sil-.\.i (I (A; 3.1 21.1 ), at litllojw di (sti .M (F"( 3.4.11.2)
and ,tgilliile-sptw.ilic pr<) iae fi0lo illist shbliilla~xliIIN gland ( ot 'et classified) we~re obtal~ined fro m Btchrinl: Maltildhilli, (;'' F~~\I.R. ill,"hcrt' 
cibltioji foir 30 to 121 iniullts at - 37"Ch eil /yle a(livilv w;as lt.sti',vctd by 
b~oilinig, atit ill lv ovei'v of lillsctll and( Bintitciil f'agilll", was litter
liietd bv RIA. Pl(,' was fouiidl o illaiti',';ltc ilttaol list, lilil, bilt llI,t its Cw{riltinall ralgtllcillts. In oll ivasltr~s<h1\11l .. t vpsit lla itlaulk atid'<, , (-tt'lillilial 

Btki'sct'iti f'uaginlrls, andt (otliifd Mi I fottijed b.\I'PGP dclra.i'l(ljtl to MI
II (Fig. 31-7). '\ iilloixp-pit a , ndi ll'gilr ili asc, \ r iWelt illp'Ir ( ltliffed ive
studies with altak-'iicd TLC(. 

extracts wert itiakvz'ttl fl, tIhill-l et.' (Ihlltotitoglap l\ (m+ silica plats ill bll;'.'id llt:\,'Ittr: (701 15 I Vv in lmt; +IC c~id'l'~ : I :2 Itt ;i,, ru') lnrt+\i. 

ollsl 2) tll(', Ot itl illlI .lil iieak ltf u ig. 3 -8). 
. . 

\,i lt' It r(tis jt 

ItictbIatio ,l witi ffere 
 lnf ill iltltrv tl txitl m . siU t ottittl iiitite itl 
ilfsor acin (2-9) o I1;is ifi i iet'utpire i idt'tlittd, l o il ti 'titloi Vrilsi t 
(th1I.)1 .f'o ' iui iJ(l heotoliylti itlh t r t(Pii he wcislj bi tsi t' sillllt-d 
in omnlcia lti ot tisti-cli I c'tJl( bohi*J Mg1 ,i(ltililw Ii t' litl (2-9)figo ( lac tidc. 

liew+. produc~t dlifferent froml Bustist clitn, hill with ;itn Rft simluin to>t illt m ct 

pepid. 1l'et chatrI c\wrs tisveleti fbi' lieV H itu I ,eut-t lio t I(; (rt'tig 
it l rian tiion of Me I ais Mi i ht x lrodiil ), flliv lli/ltNi t rl.l sitldilt, byl 

iilnclb ti i (e viting this
SIbSCei t'eOitilot II0V)tiI n ait oliti w Ias idt( l l\ctitgLIv it NI ii ), lor'tiit d-anet blhAfes.a adisilc n;(Ito isc 
livuer and kidne iil ot Nt 

the basis st etilli i llifi'tir t niathc l ,,l'aet lill -I' tIcIite itlltld ill 
vivo (Fig. -9). itttl ' satilflci n-t eit-a 

iagtle ts is de~graded bye wallisctil iudif'i eiPei P (Fig. 31-nI), tnd 'anid kidneyc t m ilralts does+no<t livtoclh,,Hge A l- 1P(; illiubaii<ll, ildititlitg [Ilte 
a.bsecet <of' in~tct pctp+,tdc. 

MIEASUTREM4ENT OF LHRH AGONISTS BY RADIOIMMIUNOASSAY 

A nonmalpeptidc RIA "ais dcm'tl< cd flor the+meat~suremenlt~tI of litnsvir-litn. Pup
title anitisera wtert ralised in I-ah)bitS byNi l .11vtal inn nllllli/+ttionll19 ,17 Th'le 
antigenic determiliant of' the+alltiscral~ was e'valtuated byv displacmti Cur'Ves 
of fagmens of lBuserelin and 4f mrtuoumbd related nonapep~ltidc llalt~ogS27 

su~bstituted With dif'fl'Ctll ailiinlo acids ill po~sitionl 6i insteaid of'+1-Stc+'/IT . pi 

Buserelin wa'is iodinte~ttd by, thte chloraiininet-Tl nitih<d anld puiieid on ;eptlih
adex LHl- 2032"- IVt sptecifkiy of thet ailst, iiwais sufficienitly diflterent to 
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IDENTIFICATION OF BUSERELIN METABOLITES 

structure TLC identificotion enzyme degradation 
PGP/chymotrypsin 

50

aYXC Jc1Xir0 formation of MI 

MI 

9000000(D MI converted to MU 

50 

900000 M1 MU converted to MMl 

Gnot degraded 

5 10 15 
froction no 

FIG. 31-7. Identification of Buserel in etalolites ill tissue extracts. (1,41 laneh 
terniinal Buserelin fragnients of decreasing chain length, lal)elc(l in l'yr with 211. 
(Middle panel) Chronmatographic miobility. oilC plates (percent radiolalel per 
fraction). (Right paneh Products formed afher sequential degradation with 
py rogl tiaiiyl-a iniipolept idase, follwed by (hwni(i)ypsii. 

permit preferential measurement of intact Btiserelin (sequence specific anti
serum AS-14) or of C-terminal Buserelin frag,,ents (fragment-specific anti
serum AS-9). All antisera were specific for the (:-terninal Pro-etIylanmide 
mnoiety, and did not cross-react with LHRH decapeptide. (:onsiderable chein
ical exchange of' D-amino acids in position 6 did not reluce affilnity, hut 
substitutions in position 7 were critical. 

This RIA was suitable fi- the mneasu rement of Buscrelin in tufl-er solt
tions. However, in serum there was a significant inhibitory effect ()f higher
protein concentrations on tracer binding. Sam ples of I to I0 pJd serumi were 
measured without extraction. At lower concentrations, Btuserelin was ex
tracted from serum or biologic fluids by adsorption to silicate (Fh risil or silicic 
acid). This extraction step prevents degradation in serumn, a potential seurce 

. 2of error in RIA determination of LHRH and Buserelin.-1 6. 0 To elim!-,ate 
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reference compounds 

unlabeled 

00
0

00 0 

0 o 0
 

z 

strt- T- , -
N' M -5 U)

125'-Ilabeled FIG. 31-8. Referrence coinpounds used 
for identificationf l'Buserelin netabolites 
by thin-laver chronatograt)hy on silica 

@ plates. Chroniatographic nnolnifilv of 
unlalbeled fIaginerts (hlhetrd by spray 
reagents) ald '251'l-liheltI f IIreI tS 
(detected by ;,,ll,;t ((lirling) is identical. 
(I-9) denotes inta(t lBusv-clin 

nora)e)tide, (1-5) denotes the N
- start tentninal I+IIRll (/-5)lprntapt'Ftidt-. 

identical in I.I RI and ltscr'elin. 

Buserelin liver extract kidney extract 

50~ 
control 

- 0 

s o 
POP 

50[J chymo
0I-t- n trypsin 

5 10 15 5 10 15 5 10 15 

fraction no. 
FIG. 31-9. Identification of Buserelin inetabolites in live, aln( kidney of rats after 
treatment with ""I Buserelin (extraction procedure indicated in Fig. 31-4). Intact 
Buserelin is degraded to metabolite N1 I by incubation with ipyroglutainyl-aomino
peptidase (PCJP). M I disappears after subsequent chyriotrypsin digestion. PGP 
treatment of' lei- and kidney extracts does not result in forn;rtion of NI I, the 
Buserelin (2-9) octapeptide, indicating that these nietabolites are C-terniinal 
Buserelin fragments lacking pyroglhtainic acid. 
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IDENTIFICATION OF BUSERELIN METABOLITES INLIVER AND KIDNEY: 
ENZYME DEGRADATION BY PYROGLUTAMYLPEPTIDASE/ 
CHYMOTRYPSIN 

TEST CONTROL INCUBATION WITH
 

MATERIAL INCUBATION PGP/CHYMOTRYPSIN
 

BUSERELIN 40,1 1,0
 

(3-9)HEPTAPEPTIDE 36,6 0.4
 

LIVER EXTRACT 1q.8 12,3
 

KIDNEY EXTRACT 11,3 7,1
 

X BINDING TO BUSERELIN ANTISERUM 

FIG. 31-10. idewrificatioi offfluserclin niclaoliles illliver and kidney extracts. 
Antise rim binding aflt enivilie degriradtlioii ! tisssute trtI(is by jl),ogltiayN1l
peptidase, fullowed bhy(i\'illi psili. Biiidinig affillitN of' lBusereliti aind tie (3-9) 
heptapeptide is abolished by setqutlltiaIl illIliatliol with (Iti , liNitr'psill. In 
Contrast, Iindiing affillitv illliver adl kidliev etIrat is tot( destro'td, inldlicating the 
presence of uttdegr-aded Mius'relin (0-9)Iexapeoleidc. 

interference it tihe IiA by tzVte colliainliti l, tissiie extracts and itncu
bation niedia were boilcd for 10 imintites at -+-95°(C et'he assay. For phar
macokinetic studies inirats and rlbbits, sequetntial blood sanles were dirawn 
from indwelling cateters imtplatnted ilnlo ilte jugular vitll. Delection of imn
munoreacti'e Buscrelin in s(rult by RIA rcquires adminitistraitionr of unrlrhvs
iologically high qtrnItities of pteptide, ttitchl highcr lirt1ilhioogically efective 

doses. 
Tie material in serin1 cotisists of various pelticle moetabolites. (hrronlato

graphic separation of hirselint niciaholites prior to RIA\ was ,achieved ly 
TLC on silica plates, ntiasiriig the R valics of' iinla'lted Buser(lit and its 
C-tertninal f'ragnietits Ither ethitiortof'1",( segints. The (2-9) outapeptide 
and (3-9) heptapeplile were clearly diftf'renitiatcd fiol ittac Bliserelin by 
their different Rf' v'altes, whiereas tie (.1-9) ieXalppide antd (5-9) pItcilitaep
tide were inldistinglishable Iv I'.(. lowever, these f'ragniets cali he i(lctl
tified by their i.sistallce I) pyrogl iIln, idase(legrdalioli. 

DEGRADATION OF LHRH AGONISTS BY ANTERIOR PITUITARY 
PLASMA MEMBRANES 

The inactivatointt tCrt i sereli n was contl)ared with the pattern ofof 121 

tlbrales by 
' 

t15 1 LHRH using niuitary isolated uricentriftgation in a 

sucrose gradient."'7 - Metabolites of' Buserelin and 111R II were analyzed by 
thin-layer chronatography oilsilica plates. )egradation was found to be time
and teiilperat iure-dIel)etidnit. The produhcts foimned f'ron LI-1RI or Buserelin 
were different. Degradation of' Buserelin resiulted initially in f'ormation of a 
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nietabolite, Nf 1,similar to the Ilctdabolite found l-)et.vionislv itI tlh )litliitl'ies
of rats tic;ited with 12.'I elin1us, (Fig. :31-I . was sul)stI'his Iitd<lit, 
queitly conver-tcd t a,o ittll pl 0dti(t, NI II. Additiot lof, Cit her-tlllalbelcd I.IIR1I oI. l 1)(0()) ',< cxcessseltelillI u l-c mtturlt1+'lihrallt lle at t i~l i< , Mitd 
'C(dliced t' )!VelrSioll of, .M I t M 11. 

1hC l)tr!UiJy Bitlsetelili Ilic;tbolite, ".1 I was t'teltified ,, thet (2-9)(ilalcl)
tide. NI I has geatly r.cdII(ed ovillorittv tctikVit\ III rtts (Fig. 31-12), anod does 
ntot affect the stri.itivitv of the pittlitaiv to 1.1IRII ()1 Btisteirll -,tiItI Itioll.
Tle SCO (II&arv Blsei-iillti fneta oitc. M II was sriiilt;r to the itr.1,idj)flt find 

8userelin degradation at 37'C 

inhibition exp. 

Buserelin 

0: 

50 

[C 
0 

control 

0 50 

M n no cold hormone added 

'0 
-50
50

330,000 x cold LH-RH 

0 

L330,000 x cold Buserelin 

5 10 15 
fraction no 

FIG. 31-I11. _ltgiadation o)f "';I ltse,- .lill 1)y'v ittuitary plasima Ielcllrillesm i : 
0).8 gJci (4Ing peptidc, ) ofi 12"1 lBuserelin inmuhatwd w.ith the 1. 18/1.20 stm r)st, 
gradient fiactioo (,litaillillg pittuital'v Irltlr brailles. Palter of ol grla at ionllll ,lw'ed 
oilsilica plper ent radiolabel per fraction). Atttfcc, (1 Illillts' ill(libation. two 
metabolites, M I ard M 11, arc formel (sec Fig. 31-7), (oi-tsponling to thli (2-9)
octapeptide arod (3-9) hle)tapeptide. A 330{,000 x excess of titilabvlcd 1IllRIr 
Busereli sigtificarot libits degradati~t1. 
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OVULATORY ACTIVITY OF BUSERELIN FRAGMENTS 

(1-9) PYR HIS TRP SER TYR LEU ARO *EA 

(2-9) H @ 0.OO4 

(3-9) TP SER PRO-E 0.002 

(4-9) E T 0.0005 

(5-9) TYR 00002 

(6-9) 00001 

FIG. 31-12. Biologic activit'v of (-terminal Bitserclin lIagin-t1ks: RciIkivv i)() O V to 
induce ovulation ifniphenolharhital-Ih)kemt. (leIavagc t)f ut N-winni;ln Pv- lis 
bond results in a (Iam atic decTtrase of ovil rl'V ;l(livitv..A\ tl It( ),i( (h)ses, 
these f'ragu ents reain the abilitv to rilease Il. ,1(anIdw ,K6ig W: Stulies wilh 
f'ragments of'a highly a(liv( analogti of ]l[hciniig h(orliml releasing hlnlrm(ne.] 
in(locrinol H1:175-I82, 19.}79) 

in liver and kidney of rats M viv'u. hI) minutes jiftCy tIe,(ujjIIttte with -,jlit
serelin, or after clnvnromryvsio-t meat ncu, ofthe (2-9) olap)e ni(Ic. )egrada
tion of LI-IRII by plittitary )lasmIma mnrcmnllnes was signiificantly itorc rapid 
than degradation of' Bulserelin. h1w rC(lu1c(1 rate of (h.,glia(latiOl is (lime to 
protection of the Tyr-(;ly" ' bond of LII I the I)-Sci (lbU)"I suibstitutioni 
in BusCvelin. 

SUMMARY
 

Studies on the pharmacokinetics, organ distribLutitio, a1(1 mctal)(lic inacti
vation of LHRH agonists are of considerable importance [Or the assessment 
of drug safety. The studies reported here demnonstratc that, similar to [IRI-I, 
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a Iliglik, at. ll c Igolllsl' [ D-Scr( I BI IIZI I H -9) Imnapt-ptide cIll', Lifuldc 
(BIISL'I (All)). Is Adt'd IM CII/\ IIICN Ill CSVIII ill Im-i , kidne\ aml aillcl-101,
Pilliltan (d I'os. MclIll)(11H Ilim I]\ 10i"ll I's IApId: 60 111,11111c" Awl- IV fill*(,( lion 
(d ;I lium -Idwsl()h ".14 dww d Thhulc(I pcJ)II(lc jig) Ill I"Its, (All'acl,
(d [hc 11 [.wIwmN II(IIII If\ ci md 1,1(hic\ . mid sithsc(Itictil Ph-willclill 
Im 111111-1;m-I fill mil'I(I filh\ 'tild (.11/\ Im. (INcstiml,"IfIll"Cl till) blildilig (()If
111,111 111.1( m) 1111'a I BlIsul (.1111 INIli ccill m (111"p(mit Ill timc. I hc Inclabolilc 
M II I if II\ (-I fit (I IN h Iif(-\ I,, Ili I t Ic",I11do I h\ N ;1). 1 111 (1(.\I I I b II",Iv( I I I( cd blild
ill.9 1() j B liscl (.1111 Iffiliscl [im . h \ (I I I m II'l I I ) 1 11)111( Idu IIt I I I( I I Im l, NI II ( or
I-c"ImIld" 1() Ilw h1lNrIchil ( I l)) lli-vipt-p(ldc' \dIcIc'us IIIIIIScIIIIII 11111ding
(INdildc" m\ "111,111cl 111,111 IlIc (COh (cli'lln-ptide. 

Ill (lit, 10111111'In (d I'Ils' 'I NJ)(.( Ill( In cld )(ditc, M 1, Is 1411111d . I Ills 
mckilmllic I.s 	 '11\\fill Ilw Im ilh'lllml I (d fillsciclill m i'llpo willi 

kljmllfycp(Hhs . 111(1 NI I I" .[I'll Ocil (Owd allcl Im III)MMIl of 
" I BlIscl (.111) \ till p1l IIII'll \ 'I: %1,11111d'Ist'. I (I iAc cwmc ilmll
 
1,11 111111cl Im It's. Wlicil (lic 
 spc( Ill( Ill Ow largcl 
(M ,,H ] Is ItIllik /c( I ill Im )I lut.111. I I NI I I )111 11 w d III IcI If )I J)IIIh:'II \ I)III.Silia 
111cillb i'llic'. litc 111,1( M fill)[] p 'llicl 11 Ili 'I B il"cl ch ll Is ',Illllltl it) illc Iliculb
ldiw s Im Illd Ill If\ (.1 '!II(l kld iw . I If(- I )1 1111,11 Ill ()(Ill( (' M 1, 11' is hccIl Id cII
1111cd Is I lir h [Iscl (.1111 lj) (l( 1,11 w pildc' b\ ( )1111 )111 IN()II N\ ]ill I ' tbc1cd m id 
111111thtdc(l p-11(ldc hil Illcl dc'.I.I(I'lliml b\ ( h\ IIl()H\pNIiI Icsillts 
Ill I'll (d \1 11. '11 \1111 illu 111,11cl I'd f(mild Ill Im-i Aml kldiw
 
(d ]j ts, I'M 11111111lu s '(11c l lic'11111c ill
 

sli'diCs "ll 11)(11111),di til (d Jwpildc If(- ((mlld]( Mcd b\ Illu IIIIIIIIIc d('sc.s
gl\(-Il I'll thullip till( pillp "w". plI'IIIII'I((d'1IIcII(s ti"IlIg

11lMM,[NN,[\ '11c llf)l (hc 
 IlIm "I'Silig (mi(cliti'llmll (d till-

I[ Ilw '111(clim pWillm, lc(c I)II)l "Ill, IN Iml I(Alcm -d Ill I StI.Sillilled
 
NCIIIIII i(-\(-l (d prplidc. Alwl 
 w4clmll billding, suillill mil(clitialimis
dc( Jim. I() IwIldr(r([;till(. Ic\ ck (Icsplic mi"milt, It.1c'Isc. A lilm.c. 
dp p l I'lic I),It dIlICIc l 1114)h H m II()lI IN I If(- I ) I I )g I Ill I I I'll If If I Ill
HIc 'tillcl 1( of I)IIIiII'll \ m '1' \dIn If ('111 hc Ilica"mcd %%Hll " I kilw1cd ago
Ills[s. Pifllitii\ iipiAc Is ill (michiWil N\illl illu 
 both
 
m ill Irg'ild I') (111i'lin lit (11 '111d (111111116 (d pcpIldc 1((Illlitl
I'llc(l." ' -"
 I I h c 1IIIp lI( 
 Im I p c Iffillc (()Illl*ll((,I)ll\(, Icsillillig, 11''Ill [Ills
S111(k af c Ichlud I() IlIc (1111'. .111d If, Ihc Ic\('INIbIlIl\ ()f plilljlalbN R'ipld 11lI\rl '111(h)(11cl ("'slic", fill,I I I I(Mcs 
that I A IRI I '1w ims[s '11c cl If.( I]\ ck 11.111(licd b Illr SAIlic rll/ Ipc "\ "Wills 
()PCI All\ c Ill dcl"l )if ,il ciidwcii4 )if,, IAIRI 1. At iwm -ph\ N()I()g

M t'Wo' IlwNc (.11/\ Ilics Ili c 11spJIHIII(" 'I'goill'st's ]ill( ) pcp(ldc
I'l Igillcllls (d I'l r'llk Icd Ifcd I)i()I( )"1( ;1(m H\ %1111111 GO 1111,111m .s. IIf(. 11Npl-1111

1v'I\ agc Sit(- is Ow IIIII)i ()[(-( It'd P\ 1-1 lis 1wild 'I( , c"'Ihic If) N T' all cII/\ mC 
p l-cst-Ill Ill IIIIIIIIIII'lliall lj ri Ill ( m INP Ic l fill(- (III'tillm . 'I Ills (III(Illig llla ill 
parl IIf(. cm clIcIll I('\ ul NIbIlII\ (d piIIIII'll \ NiIPpI csslml bN agmilsts,
(,%,(.If al'Icl ImIg pvI HOS (it II("11111cill Ill ( mll Iast If) sIt'l ()Ill ( mill Itct-ptives, 
a pcpIldc ( mll 1'I(upll c Is Him If\ mcd 11111( 11IIwl c (.111( R-1111Y itild ralmily 1)v' 
cIId()gcImII.S puplida."c" and wmild Hill.,, ( ;if I-\ if rc(Im cd I isk (d inctabolIC 
( Mist'(111cm c". 
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TALE 32-1. Effect* of [D-N-aI(2) 6]-LHRH on Mice, Rats, and Dogs 

ROUTE AND OBSER-
TYPE OF DOSE N PER VATION 

ANIMAL STUDY (jig/kg) DOSE PERIOD RESULTS 

Mouse Acute 10-3,000 3 7 hrs No change 
(M) IP 
Rat Acute 1-100 3 7 hrs No change 
(M) iP 
Rat Subacute (daily for 1 and 10 10 7 hrs No change 
(M) 5 days) IP 
Dog 
(F) 

Acute 1-100 

IM 
1-3 3 days No change 

*Effect on gross behavior, activity, various reflex responses, coordination, posture,
pupil size, heart and respiration rates, body temperature 

quilization. Changes in behavior typified by increased groonling, restlessness, 
and irritability might point to central, sympathetic, or noxious stimulation. 

Observations of spontaneous activity and reactivity give clues to the pres
ence or absen' of CNS st.intilation. A decreased response to elicited pain
could sign ity analgc,:_- ,rsedation, whereas altered touch responses might
indictate anesthetic ativity. Motor incoordination such as deviation fron nor
inal body posture or iuiscie tone, oi abnormal gait might point to central, 

iVOrelaxanit, or riCeirnouscnlar activity. The elicitation of reflex responses
is important itnestablishing effects on sensory nerves, spinal synapses, and 
eflerent pathways. 

()bservilig pcptide ef fects on optical signs snch tspupillary size or exoph
thalmos coild indicate paiasympatholytic or svmpathonimeitic activities. Se
cretorv sigils soch as urination or salivation would suggest muscarinic or 
irritant effects. (ther osefti! aiitonomic signs are piloerection, body temper
attire, skin color, and heart and respiration rates. 

1)-N-al(2) ]-LI-II given acutely to mice, rats, and (logs or when admin
istered subactitely to rats did not alter any of' the behavioral signs or re-

NEUROPHARMACOLOGIC TESTS IN THE MOUSE, RAT, AND CATS 

Some tests were more specific (see Table 32-2). Given acutely at I to 100 ig/
kg 11) the peptide did not induce a neurologic deficiency such as loss of motor 
coordination or strength in mice during a traction test. 

Seizures were elicited experimentally in mice either electrically by trans
corneal electroshock or chemically with pentylenetetrazole. The synthetic 
peptide displayed no anticonvulsant activity in these models. 

Barbiturates such as hexobarbital produce sleep in mice. Prolongation of 
this sleep might indicate potentiation of the central effects and/or interfer
ence with barbiturate metabolism. [D-N-al(2Y)]-LHRH did not alter hexobar
bital sleeping time. 
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TABLE 32-2. Acute Neuropharmacologic Tests with [D-N-al(2) 6J-LHRH 
in Mice, Rats, and Cats 

ANIMAL PURPOSE OF ROUTE AND N PER 
(SEX) STUDY DOSE (v.g/kg) DOSE RESU' TS 

Mouse Induction of neurologic deficiency 1-1,000 
(M) IP 
Mouse Effect on seizures induced by 1-1,000 
(M) electroshock, PT* IP 
Mouse Hexobarbital sleep 10 
(M) IP 
Rat Hyperphagia induced by stress 1-1,000 
(M) IP 

Cat Gross behavior, EEGt; EMGt; 30 and 100 
(F) RFMUA§ sleep IM 

10 

10 

10 

8 

1-3 

No change 

No anticonvulsant 
activity 

No effect 

Slight reduction of food 
consumed at 1 but 
not at 10-1,000 p.g' 
kg 

No change 

"Pentylenetetrazole--chemically induced convulsions. 
tCats with chronically implanted EEG electrodes in various parts of the brain. 
:Electromyogram. 

§Reticular formation multiple unit activity. 

Another central effect we studied was regulation of food intake elicited by 
stress.' The experimental animals (rats) colslinmed excessive atiolliuIs of nilku 
while their tails were chronically pinchted. The synthetic peptide at I P inI doses 
of 1 to 1000 lug/kg reduced milk consunption hy these rats at I [tg/kg, biut 
not at higher doses of 10 to 1))) t~g/kg. 

In a group of cats, electtodes were implamted chronically it variols lo(ci in 
the brain i- recording of the elect rtecchalhgr'an (l1( ). Neck intuscle 
tone (EM(;) and reticular formuation multiple unit activity (RFM L'.'\) were 
also recorded. Effects on gross behavior and sleep patterns werc notd ;is 
well. Doses of"30 or 100) vtg/kg IM of tfhe peptide did tot alter an of' the 
recorded par'ameters itt Ihe cat. 

CARDIOVASCULAR, PULMONARY, AND AUTONOMIC EFFECTS 

[D-N-al(2) ]-HI-IRI-I was given acutely )y the I\' rotte to ;mnesthbetiz.d itogs, 
cats, and guinea pigs (see 'able 32-3). 'The ani mnals were inslrttnituen ted for 
the measurement of' blood pressure, ventricular contractile force, ptuItII0ary 
airway pressure, heart rate, and, in tile case of, the cat, nictitating netnlthrate 
contractility. The synuthetic peptide was administered ir I' bolus d(seo t 
guinea pigs at I to 100 vtg/kg, to (logs at 10 to 100 fig/kg atnl cats it 3 t() 100 
lpg/kg. [D-N-al(2) j-LHIRII did not alter blood plressulre, heart rate, or veln
tricular muscle contractility. Since it failed to block challenges to exogene<tns 
acetylcholine or catecholatnines, it possesses no antico,linergic or adrente
ceptor blocking activity. Its lack of effect on the heatrt, peripheral v'asculai tre, 
and cat nictitating memlrane indicates anl absence of syml)atlhonitetic ac
tivity. [D-N-aI(2)"I-LIHI RH Idid not possess ganglionic blocking activity, nor did 
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TABLE 32-3. Acute Cardiovascular, Pulmonary, and Autonomic Effects of [D-N-al(2)6]-LHRH in 
Male and Female Guinea Pigs, Cats, and Dogs 

PURPOSE OF ROUTE AND N PER
 
ANIMAL 
 STUDY DOSE (gg/kg) DOSE RESULTS 
Dog Effect on heart rate, ventricular 10-100 IV 2 No alterations of 

contractility, blood pressure, cardiovascular 
and responses to (x-, 0- parameters; no
adrenergic, cholinergic, and effect on (x-or 13
ganglionic stimulation and receptor stimulants 
responses to other autacoids or autacoids; no 

ganglionic blockade
Cat 3-100 IV 2
 
Guinea pig Effect on airways, heart rate, 1-100 IV 
 4 No effect on histamine 

blood pressure and methacholine
 

responses
 

it modify cirldiov:tsciilar reflex responses (carotild attt.rx (cclusiol). It had 11o
effUlt o11 tile car-diovascuhidr ireslpotlses to ;tnt;coi(s sucil ;Ishistamine, brady
kiniii, anl itgiotetisin. III the gulliet pig, it (fid ll)talter the redtictioti of* 
l)tillontiay iihway toile owinlg to) either histaitiune 0- tnethachline challeniges.InI concilsioni, [1)-N-a(2)- I-I.HRI I was rcnhtkt-kabl\',trN fi tot <+,)roidtrctive
t(lite ()I sibtcttte Fphlit.cologic cffects ili aborattaor-N ;itrals. 

EXPANSION OF PHARMACOLOGIC KNOWLEDGE ON LHRH
 
AND ANALOGS
 

Tlie natulre and .scope of such wor k wvould he gireatly affe,.tcol by tile rapily'
cXlptfllg ltirlderstalditng of' the role of) peptides tsrelrotrltnusitters, Mntid
also by a 1.'o....l..t atppreci;ttio in of til+, itttittte iiteractio IletInlliote 
 o01' 
roetd( critne hiiitiiorial factois with the CNS. It is of greatt inltet'est that in1somne
 
neve ter-minials "ptiative" pcptide nelitotrtllstiijttfrs artil 
 )iog.ic aliltles
coexist., Whet hc+r a l)eptidc such Is IlI RI I could p)1 litc it sstiitei eflect
 
0n ietir excitabijlity and onI tliol-liet-ll reclt<
',Oial + 
 iisctrtcl atlrcady
l)OS.ttlttcd for -other pp.lti(Ics- cttl olfly be Speculated. All 1.11RII analog
,tdiinistercd chronically, f'or exatiple, mnight be '2'valttlted ill plitullatcologic 
tests for possible llodificattion of' cenltratl lctivity its well its pcrijTheral, loiot
l'eplrodiclivc ttlge--t ()Irfll f'tllliolls (caiI'riovascial-tr, linrl,-rodlictiv. cldo
(:Iles). Possible intcractlios btweel LI-IRII analogs fo0llowilg thei cit'lloiic

'administratjoti and (CNSdittig sutch Is tnetn'olep)tics, atixiohytios, at idepres
sttits, antticoinvulsants, opiates, atnd rttigs oft ,tbls such its alcohol atnd am
lpIetar nines iced to be (onsideeod. 

REFERENCES
 

I. BiARKLR.l1: PhyN'iologital toles of ptipt:ds ill ic oCo wni,ssitclo. Ill(;ail r If ( d):Pepiddes
ilo Ncrobiorotg-, 1) 295. New uork, Plcntin), 1977 

2. toRNARIM) IA., IT:IRoI.I 11',W, SSI.P e at : ,Aidical lutoeiiz g lo onec releasing hornone re
ceptor.. I tistochem CytocheCm 26:fi13, 1978 

http:BiARKLR.l1


Secondary Pharmacologic Studies with LHRH and Its Analogs / 359 

3. 	 HOK"EL'" T., JOIIANSSON 1. IJUNGDAIII. A et al: Peptidergic neurons. Nature 284:515, 1980 
4. 	 JOHNSTONE EC, FERRIER IN: Neuroendocrine market's of'CNS drug effects. BrJ Clin Pharmacol 

10:5, 1980 
5. 	 KIIODR GS,SI ER-KIIODR TM: Placental utetintizing horiltone-releasing f:totr a1d its srthesis. 

Science 207:315, 1980 
6. 	 SuHARE': RM: Extrapituitary actiotus of [,IIRI I and its agonists. Nature 286:12, I980) 
7. 	 TURNER RA: Screening methods in pharnacology

,. 
New York, Academic Press, I965 

8. WAI.ACII MB,, I)AIW BER \I. SCMAIION M et al: A new anorexigen assay: Stress-inclice hp'per
phagia in rats. Pharmacol Biochem Behav 6:529, 1977 



33
 
Preclinical Toxicology Program
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L4 KSIPAlI'"PEN IIMA RTIIY 

ROBERT HILL 

IIII I anti scvvral ollhr"sxn'tihctic analiogs oI III are iti 'ritly being

in\'stig tcd as potciiii il iiade aid f'Ciiale totowrn-'(,a livcs. Whel d(lltadinistered

in snlpil ph.siollogic doses; or for a proiloligd p)riodi 
 of lIillt, thesc ;Igcils

have bicel i shownit i I iitrilltIl) l It, r't.ji i(ii(-ti\t, pi.o(-tsscts iii variosiiS laboratory
 
till ialii as\(, tlso ,ill f lulialthe i1ti f iliiahil- t1n ii ,f 1111 ialstr ill 
iinii 1 le ii its ti flnun!taf. Iii i l .1 l i iRi iil, (li iia i] itll x in'' M allfl,s.I u l n u no' a iri cs i i ll wtnf lili ilition iof sictta, i gh IllaIr

gIll t '( lu IlsIs s lfoilltl
vetl ill Ito"ihNVitx' I harf iltuloll tiii m'llit!slfit' shf'ow i f 'il ti' lIIt'lll '' Ibt l It\ o c i ofhese in' sessrand~erlt its 

2 1 ( i aiis (c;iiii i ',i'iils, 11t'i v\ \Ilh i c ag'itf in til ialiowhich IlII( and(l\ oIIir(.~ i of iii irilsflliii( - iI\.t cf'l(ii, of i( ht' rapid-Illicsc, ;lgt'lll. ca ll betlil t'l ) jti ve:\\ if iiiii .iit';if niti.h al O ii'jiilt l t illl(llfor a ill w liii ggell- .3. 1iblisli it llt ii riitiihilln bilf's (psllilics Ill anlinlial.s. ldtcIililI(allon~l oillii ' a tioln ( (xoft Ill'gtl it (l iien ologim lli lo×iwii anld salttelv asse.ss-I.II(gIcS. %'sthu . loIsfiigteloicIVICw rfi' the ug f it'i g ta pearii veryincaliCit'i i liriil'll iofa cllu itiprtit I 'alI l 'Iliiii(!ii' N sludins." c ljc~ \., oft pl~-dlilliial mlilillal ifx(lo siiici f'tI o affin ( lig g ll
4' dl\ icll rid Ill(. i'wiligtg:
f oll 

. f incitiiii f' intil toheii a s through 'alfitnittlstinical 
C( diti i,tor filina i ils. , blod d lil' .r , tit, iilologic -i llitls, uri11 1imiirolcs, t o o nid hi oad iol x- of'all t iollg cs. 

2. Dilri ion of rea t lit.r analnnli llctiiln in(' s, if' itncet d, alvecrsilbhc. -t

3t wldetcrrli iponliacl is l cst ( s g(triii\v :id rcptrod ulipnvs,)ih including
3i6il0 I ll tni il (,vloilin il (& the of'I'spirig.4. A. stcssiniii oft l t' r(il i(g 'l i nli ,i( pl) l liail. 

5. lE\'ialati of fIht Itc'siills Ill anliinals Ilo a.ss.ss lile .saft of, adi( niisltering 
ihc drug l I iliIIIllis. 

PRECLINICAL ANIMAL TOXICITY STUDIES FOR LHtRH ANALOGS 

The ailiiouillil f,to~xicologic testing aindI ilct types (if' toxico~logic, studies re
(Iliirtd fori dec,\ oplig ally) netw dru-lg depe~cnd on fiiItorsl~i suchi as its initende~d 
listc, duiratlion oftreatmnt, an, [IletIhcharacte'ristic~s of*ile ilillll p)opulation
that woluld bet poltentiail nisur's of' Ific druig. (Chemliicail conIilraiceptive~s, including 

360 
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LHRH analtgs, of IIu exte itd li heocitiIIi;l o) Ibei si(,II Iitl f)Ih++'III 
hi ua poplati thionh)ui ut thlie rit.'Fro(iIi liv esiioiis. anhtl tiitl ; til t'toxicilv stu~~di +, I~ith lIh ctlorcho.<, iptrIim ++,cto +dt'ten la 'rutt l ,lm , in) ;I([(.

quate SVidieu o Why ") Ow hulian ustr 
The stti( s slld l l sl,< I th ' iiifs'liujv1s Ah i('t tr i l t' ifhC

dividual c is lidi fm- ki ingS •l idil <IC)ii(ittt c('l . A\ulliti vhere sc n"i lps is 

ci al)rc1.11usivcI <Xii <d()u i ixe t++.ll(I (Xii( t hit't llth
h i liiiiiiiih,i s l lliit iit ll.W 

expected to betreq o Ill thit' (iiiii' lti\ci i11lis. ire'd l iti tt' hatlilldttrr iillI 
Tl l il X)l lii ;Ind Iplit't 't .oI fli uales. 'his iar ll is dli+t Io tt't 4c 1it'l tiit

-id by'it '..,. 
Propel+ r de'signl of Sud+h sttldic,', (;full(( bu cIt cI<'llphl;i.si/t(d ,t1i(1 If() atn<+ llpl 

rinl its Stlgget, the Food~i~ antd lIrtlg A\dhlli ,tsl tti<,t (F"! ).1. 

is 'tadethis tt' to ill i l l ilt' i ti 
numbeo rs ni' malslii iii ils. i l f h i(gt'Ii iat ion h ni <.\i

ill c t \,lio itdls ',(t its life 
stttltil( \ 

device of . lsoirl iti, (hi e(l I f, gutt I ((t,oi uc' ill o i, itli(diiloi 
g l ihdiinistudies. "lhtit.c studio.-" atrr full(.' (ollintuilling. (oftiltflr . and ~<'It +,~ ... AI

though Illc+ Fprogr,a l l I)be [)rt'sc+'lucd is dc l.c d a((Id+t i~Ilt If 1'.S. lI .\ 
g u id elin s , ( -( ]fi lt I it s g u i l i li u-, a nt d~ w ' 1 1 i 1, n . ht i s, ,, i g e+ c a. dh r \ s )v,, l 
gested thatt I l<v I\ ' tlt iit i+liltlit+, (d idhltufer 'sit-d Ft's dl +(, h r\ ( ic if.It 
ual co>untrie.s be.lf) e iniiling~t sit( h st<<tics. 

T o~xicitv sltict.s (;Ill) bc (,t lt< I+/cd( Jilln ( ttltuc, suil l ic+ (."ttl)(hi¢Ilio). 
ch r o l i t i c p , t I Ikc t\+ It I (I l i nt [4c I I i ( /( i t I ( ) g t ' .I I l 't >I I I ( t i t tni oM i<F . l t a i i I I c s l c I I c t( 
d u c~ te d i l l , a s ct. ct u i l f a; s hl i o n~t o , t ll o w [ r u, l s i hli c '+s li (d l l 1 1 I f , t i g at il m il 

ill clinlicatl trials,. All (dI lifto ~ xi(itvr sltudies.>, lim\vc+\cl+ , Iuccd'< If) bct ( o tildlfl
 
pio<r to thc I<m ucNi <
ilprm ill mar~tketiing (I; +ig+\(,t tu. 

Acute Studies 

Tlhewsc studies viutail atdmlinistratliono(i't singule + hig h doIsc ofr a It",%higlh dosest 
o v e ri +i t s h o(r t i ni t e+ r v a l t ol a t Ic~ fs t otilt rl o d l++ l a ((ii .ll i lr+' ) i l< l s p>+ ( i cs , Ili t 
r'odetsi+, tilt toxicit v is listuall' ev'\<i litd b\x ,it( lea+st iN\o( differentt i'< tllt's oft 
admii straionl , ()tit(. of1 whit. if ld bct thc inltendedl,( l Iilt.. )alia (.()Isho cliil i( 
le cl io nil l x < t i l -+ s t ud i e s l( t i d e++ i i il i l l " i o n~ c o n v enii o n ai~ a itl t ( )i i i l \ il s N atr\ s , 
deiterininlionll of ill(-, inei anl tlhl <(isc (1.1)_) ori ite hl lic+si tlera+i~ted .<h sc+ 
(1RJI am! anl++ailt is++'sliicri ot litw+ Iillliblut cauitse o citl'i . W\ith ( olipldills 
suci<h as, IAItRI1 alniih~ls that hai\vt lin iinliai t [(Xi( potetia~l, anilltl plts toIll Ic 

th e w o) t rlit.,l h ss : ins l . ef r s s h l b eil I, lli aid c+ t od e t e r i n e~t(+ L , . \ < u l dl h ort't d 

Subacute (Subchrontic) arnd Chronic Situdies 

T'hese stuidie's an-t designed'< Ito dclhi( tilt-' probblle+Ifill( lionllt ,il l(/ t allat
to l i a n (hll~Ih l ll a.i s at d s ui r e I o) l l e' d r u gi Tlh u It e s, t ctc h 'e ~i r e. l ti l 'l i i i rt . p t etxp o( . 
Compi]ound is ailliillislciid l sitc,.'V l (lost-" le+ve.ls ii ail lea'st wwl<+r<)luli and 
Onelt II011dll'(tiil spiciis It\ (it-< intendediil<' (:l lt t roulite. , <cxtclil "liicis aret 
conlduicted ill this cati ny(l"in( whitl h e hrail of rainges' ]irilt. n (ictuliicim ll 
I m n ith if ) to 12 in itiih s. I11 lo ngi -terml i ! l~ity slu i csi+'(siidi its I Neari ), 
;.(te(Illit. aret' iilet et spiei+s ail ito) lind hetl liimt clt.el\ m ai kw) niii hulialnl 
nmoak~ili <ofo son"is ec Ito the.druigl. Rolulinc+dailu ;ollc(tlil il lil't sltuies<+. 
include~s clinical coniionli, hocIh weighit, I<cod iimiakc, oluhliliiuiop4, lood 

http:le+ve.ls
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and urinary evaluation, and necropsy examination. Specific gonadal and go
nadotropic hormones, plus other endocrine hormones, should be evaluated
if considered appropriate. Histologic examination should include all organsystems including the reproductive and endocrine organs. Provision should
also be made to determine the recovery potential of altered parameters. 

Reproductive Studies 
Ill
the design of a toxicologic program for a contraceptive agent, consider
ations must be given to the following: 

1. 	 Is tile induced sterility temporary and reversible? 
2. 	 Are there any alterations in seconidary sexual characteristics including li

bido? 
3. 	 In tile event of a possible contraceptive faltiure, does the agent cause ter

atologic or postinatal developmental defects in the resulting offspring? 
Toxicologic studies aimed toward delineating the potential effects on 	thereprod uctive )oe('CSses aie not iiuniquie to (ofntraceptive agents but in general

are conducted for most new drugs. Reprodnuct ive SildCies ate usuallv coldulcted in laboratory animals in three diffTent segments ;Isoutlined bielow.
For LI-IRII analogs, alp)poptiate subCont race ptive dosages that woul adequately maintain pregnancy are to be selected in conducting such studies. 

Segment I-Study of Fertility and Reproductive Performance: The rat is the animal most conmmonly used for evit tioli of' this segment. The general reproductive performance of' 	btrif Iibotcl Imales an(l treatedl femles isevaluated. Male rats are treated with tlhe drug fc" at least 60 days and tilefinales ate treated for 1H clays before initiation of' lating. hlhe treated animals are mated '( Untreate(I Mimals of 	opposite sex. Plrameters usually
evaluIted in this segment include iflating behavior, fertility, litter size, duration Of' gestation, aitur of partturition, care of the offspring, growth, and 
postnatal development of the offspring. As part of the ipostliatal evaluation,various nilestones of' physical developmient atnd sevetal behavioral tests areconducted on tle offspring."', (;eraeally', fertility of tile offspring is evaluated
at the attainment of' sexual nttiritv. Maletland ft-male 
 fertility studies can 
also be conducted itspaIt of' lolng- Iern toxi(ityv studies. 

Segment 2-Teratologic Evaluation: Mouse, rat anud iallit are tile species coinmeonly employed fot these investigations. II st(lh stutdies [lie aniials are
treatedf only during the period of orgatnglcnesis. Femalelice and rats aretreated fiont (lay ) through day 15 of gestation; female tabbits are treated
frot day 6 thi'ough day 18 of'gestation. The fetutses are hairvested by cesarian
section usually I or 2 days prior to the anticipated date of' parturitioni and
examined for skeletal and visceral anomalies. 

Segment 3 -Perinatal and Postnatal Study: The rat is commonly employed forthis investigation. The pregnant dams are treated starting from the lasttrinester of pregnancy and continued until weaning of the pup)s. Paratneters 



Preclinical Toxicology Program for LtlRH Analogs / 363 

e":.uated ill this s ngilnclt ilutiice iatire ol partlil. ,.tfle(ts (oil lii(tltion, 
care of the )flfsl)littlg, growth ill l develo)illit of til offsplriiiig. 

While reprloductive seginietits I and 2 urc itijcp)pi ' Il cr V itliltitloiiof 
LIH RI-I a iilogs as feitale ())tt'iklef)ti'l..,,1h , gil tl I i llolpliItl IoI 
itlale (toItitli(eli(te\ t 'itltlitiol ]J l)os(t..,. I)iiit tile" <)tl o ite1t't( Iite t of 
male alinlills, . 1i ;ti e i t luiltli tlt possibleietlitoteit'l ,t)l 11 .e lo"i I ltn e1t . l t-e d itti d te r mt g o,'11t .t o r l . i l~l i'll ( c ,clh i mll. tIl t ilin piti ril il t st. Ill th e o ff

..sp rlil t ,g Fl I .lr l c v-, 'I I t - i f i .d< \ tcl ~sjo l ol f i l ts t ' ei-cfo)(l<h l ti v t s c g l tn[l tci I iit l ~o 
p li a ~t oIt i vt\-."slig , t i I lcllt' . r ,i f t o f rt -ip r <d u t i v c\, ]p l o t t ss tcs i l l ( 1 \ .'+ 
tccssittill l! ti eiltll(illt\. Mlls ,XaII p , it ',( icilt, for" i(cJpl tltl( Iv(' (vIlhlilt()IIlS
i l l lli lle I-t ' st t l ' il t ' l ( ) ]( l t o f( )Il l I 'I IR I I itl l aklo g s f l .) 6; t l l l tl ls is il l 1s t l +i 

il lTlItle 33- I. 

Mutagenic/Carcinogen ic Stu(dies 

\',i ool i llt u1 t l In+ iT'to Ieth i r1-, tt ,'lh il estst p)ulr)ptu'e. l to pietin l tIil 
ilnltitgeilitilt(i logetoit j)t-t'titill of t !WitIix(itIs. Several test 1)i)re(ftlltes il)
peal p)11lisitlg f ti t ex.ilhl,ti44ll of titc iiitItit.I i t )o)ie tt il l f i Itei 1l.1'2 

IHowv.'er, ((till overs, e'Xists ill regilrd to thii Iclilbilitv, .lep tilitv, Mtidrt-]'\aIIte it thc htIlIiItl poplt~il 1 itm . ('u l' ltl os>+,t])haillam c'util(t itlldlt'

fries elllltt tlw, tt" its ;I stretItil', t ol betOrc einhaikitlg tit ((xteil+sis 
develplltlllital vik witl, pi-oitsilig ew 1 ig (ilfdid;ll. It'e slltol-w(l1 
tests Itlt haveI b e tloead fltlttel v lidiltcu ftlu c\all ilitg ifte (;ii) i(I tl. lit I)()
teittill ,rt \t few iil\l legullt r\ .tg it'l tililtlleIl( itll! ret t igl ei. ItleItilties i'
.it lrts.'tlt ()Ill\i +s \,dialoIf ; I t t<o t~ luslg sti , ill il~iIII lls. 

hit. l otllIl ll II sll t tlitIu l sple es If tlec issesslll(.I tt of ( i4 lb 'g('lii)
pl (.1 1'1ti1ofI it I)('-\%" (1ring afc( lh ill ' ,I dltiltc llouse. Tlheso. still~eil IIlt M 

(fi( tell t lltilec litnllals itve ilg liltspaili for tilie ritt. 2-I 1 t4ltlis, at!d i t 
the Illollis. ,Is ttilills. l'hw tIrec tti eill is ittitiilte lit wvettiaitg a lil tlt , tihts
1)erltlitti11lg it gl I pll'ilt of thir ilet( spll t' , ttlliol dc'vlohillclit H) (oitlt illl 

With exjt,tuL reI to il (I1 1l1g. (4eieritll , t ilt tl . givt.il ile (Itlig I\ w.itVof, file 1 itl dcld (.1i1)i ill r< Ctt<N oltti~ ()f .tjlj)0)HrittW .t~ i+ fillilh;1rit1 wvith 
tilte sp mll e<)lctis Ittlnl<ol III( idlet( c, alld dil it r' ,ll( (of thc ( ( it fitl( toys to 
be il le' I(l~l ill I ( d"ehsigl, a llolt\tit of Sut( 11 s.tl it, 

TABLE 33-1. Reproductive Evaluations in Male Rats Treated with LHRH Analog for 6 Months 

PROCESS FOR EVALUATION 
Treatment month 

3 Mate to untreated females; sacritice females on gestation day 13 and 
evaluate fertility 

4-5 Mate to untreated females: sacrifice one-half of females on gestation 
day 20 and evaluate teratology; allow the other one-half of feniales to 
litter and observe postnatal development of the offspring 

6 Mate to untreated females; repeat observations of treatment month 3 

Posttreatment month
 
1-2 Mate to untreated females; repeat teratology and postnatal
 

observations as at treatment month 4-5
 
3 Sacrifice treated males; conduct blood chemistry, hematology, and
 

necropsy
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QUALITY ASSURANCE 
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J0IN L AIGIRE 

F'0l0miI~ tile St(' (tlllral ofI eluidcationi IlI RI! I by tihe iaiborloiTc (G ;iile
moin' andl Sdilii' in 971I, I-III I adl hundllredls of ililligs of tile dieeapep
title ihave Iieeli .s\ III esitell adi testedI il i)ioI()gil aIssaI\s. It is knowln that 
1. RI I sliml awslt. Seci-Ctioll of pitllitarv gollai m-topills bi3(tl ill ivilo and1( ill 

VIVOean~'I dtdC h les(A)11 tile d ng i~llliiom \ 1(1 m()lt( ll I llll ago

(IisdiS(I 1 )to of i (31U1I)0Rli I e e lwit.ivdt inam 1 i llI3\ i 153) 33 lilty 

e (S f .1~il )l 1 )ntfyl.S gla'coi2 (hav1oi, 1 llejalJe llelrtifi d oin. \;l', (l 

poile1531 II( 35 trea S i oitlill e~ltR)I illIti o I t Ilsil i r ls. Sell 
If1( is well11known(that thel io ilgil llc ellC om-fis(es I 3ilt~ill (sulch 

Iilsp lnd1(iii c( 1 slli llllIi lSl\ SX elll lI dS ( ell li( ;111(1 ll Ill ((('I 

.li~lldg . A iillid andilS lrlic olted m('llit r n(ailill3t1 leS 1it c Il andlex tonuc ];[(( 

)I at~e mil n ll~thell r i esull 1ep~(((et aol ill pllil d f ~ siii)i .1 thaI t 

St i ik i a t. vealsoj \'gtt 3* lIt Sa l istt m it' llo(d~i3admintisration and havetit> 
niiatl;,It du ffr ent((Ph I(1 1 tlt I iIttt Tesettt esu lttIt(t il ut c lin10 ((3lt333dit 

3(3313 ss((I( b-\tximtitigatI Vi ith 1,13 I'.ll 1 (usuing 331(1t ()li, as. ' "Iiitktwitt l 

;(31111 diff r thai,n vc.3s 
 .%(Itt o ghcis3c;i o e ul' sn 

dwu366cl ehce n sa vsclshsn tbend lmlt~td 
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EFFECTS OF VEHICLE 

In addition to tissue culture assays, in our laboratories we have roulitrely
utilized several in vivo biologic tests to describe ile potelicy and elidocrine 
activity of LI-IRIl analogs. We report here three of these lests-effct otl 
uterotropic activity in iIniatur-e mice anid the ;abilit to in(llrcc ovrlaiiou in 
diestrous rats and in androgen-sterilizedlrats. Other laboratories have ulilized 

.17these same animal models in studying IAIRI-I. . ()u iitial efforts were 
directed at studying the effect of two ditferent vehicles oi Ilie bilhgic re
sponse elicited by 1.11 RI-i il these assay systems. 

Induction of Ovulation in Androgen-Sterilized Rats 

It is known that androgeni treatment of, newborn femnale rats prodlicts a 
hypothalamic disorder resuhing ill persisletit vaginal cornilicatiol, tlllv(l
lation, and sulbsequent alteration of cclic release of 1.11 from tiec pitilil~ tary, ' '2 possibl as a resultof leredhomone1 rue pt poshrllaltions." , 

LHRIH will induce ovulation and eti-lls cycles in thesec ilalnials, and Ihre 
androgen sterilized rat can hrlrs be utilized is at test svstm forl zireasmirirg ite 
activity of LIRI] inalogs relative to 1.11RII. The procedlrc wc rrtihizco ill 
these studies was the same procedure reported pre.\iusl\.,'\lrigcr sl(,I
ilization of Vkistar strain r s was indled tw stlbcularrrmios il1c(iorm of I))
[g testosterone piopiormte to i)t the third LoV after Ifi. lirtefemalel pups
animals were allowed to muature to ,i weighir of 22.5 to( 2t ) ( I--- iuroirths If 

age) prior to use. 1o determine the v\'tirtitt indticilig l olclcics (dI 111 RI 1,
sterilized rats showing persistenit corified vaginal ( \'()lgv wre Ieted with(
LHRH obtainied from Cihernialg (llirrfieih, NJ) anI lisslsed lii Ihysi ,l<ogli
saline or sesame oil. Twerrty-fotur hlrs aftr t single shlrclal)e(ts illjectill
of I-IRH] at dose levels rarrging from 0.31 t 1() (.0 Lg/kg, atnimals werc sac
rificed and their ovidlicis were examined for di plcse ll(c o t)vailulder a 
light microscope. 

Figure 34l-1 deliotistlrates that diff'erelt recstlts .l be obtiit d when llre 
effect of LI-IRIH administered in physiologic saline and in sesaIrlt 0il is tesltel 
on ovulation il androgen-ster-ilized rats. The vehicles allh(ie had M), 1)I1)lhgic
effect, whereas I-I RI-I administered in eilhrer vce ilmrlI'ed os\rlatilrr. 
However, in various studies with 1.1 RI-I administer-ed in st'silltn il, sil
erable intrastudy variability in rCstrlis is routirely seele; ess varli~ll)itliv is sen 
with saline used'as a vehicie. lFrequertly, this alIpears to lead Il , dil reitre 
in potency of the two II RII prcparations. "or exalple, il Ire study slhowlr 
in Figure 3,4-1, the iaterial dissolved irr physiol)gi(- saliln appeairs riore 
potent it lower (loses ilian that dissolved in sesamie oil. Ill this experiment.
when dissolved in physiologic saline, I.1IRtil began to induce o\illtiln ill 
doses as low as 0.31 vig/kg; IAI RII dissolved in sesaie oil failed t, indtice 
this response at doses lower than 2.5 vrg/kg. 1-lowever, at higher dl(ses, re
sponses in the two vehicle'; were similar. Ii other studies not rehrteId here,
little difference was seen between the t\wo prep)ara lions. 
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FIG. 34-1. Ffli (d el~~icle on lI RI l-iiulinuce (lvtuioli ill a!i'u (lIcnt itmd rab. 

Induction of Ovulation in Diestrous Rats 

Induhction of' p)ICliitilre oviihatioii ill ildlilt I'MS IS MaIIhieT test hfleultC us 
to evalitie the potencvan ctivity of 111kII analogs. Ill thesestildies. femalleait 
aduh~lt WVistat irats were kept inl all tlnvir-oritlicltall v (o111rolled room mlainl
taIitne( it 22' ±+- N:an it relative liiariditv of.5(1 :f 5Yji with lights oi fromn 
6 a.11. to 6i pim. ()Ill thIlose aljilujls thiat liil ~t(;ilettV'Io t5~lI 

c-( cs %Welt([beth(. TOi (lti i l(C 1I Iheetrtiis ()h xelf 	 I I IRI I
itnducitioni of Il-iitll [tie ov'iiatioii.selccterd rilts ill iflestiohis WeLtciati with 
a itiigle sillil(IMiioIS III)jettll oh' 1. Iki I d(hIsoved illn1ehie one of tHe IWO 
%vehicle.s. TwetitN 401iji hours afhter rll(itlill. ailiiills were. S;I(lili1(((h and their 
ovidchis e~ti J)1''t'I5lCe of (vaillhe a11(;I ight Ilii(io(JeX~iiIt Itof0 

l.Iigure 3-1-2 shoiws ;lit expcrnli iill w~htich fu(.s siiilai to) those lehiorteLI 
ill F'ig urc 3,1-I ;[1-( 5-(-Il ()Il LI flU I-Ilidhiicch ovia Il diii(riiis rats. Ill oul. 
(eXj)CiRtC htighieT (ho)SeS (f' IAIRII ilre geliirally iteetleil to li(h1iic ivillatiOnl 
ill (hiestlls I-its thanl inl atilhrogeli-sleii/.( rats. A S(.((li) stvttit WC 
tnlde~hwas, as (hescribcd~ previonlsix. vta il inrsults wvhit 1.1RII IS issn 
jpetithet ill 5tsiiitj oil. Ill thlis bx~ttitiloth r~(~illtI'Si ohpcp II IRI I Inl
dIICetl premIlatiure OVittai(Il, huit IIl )0tIlIcv\ of! til( two prejparatiolis apil~el'
(liffllt. LI.hR0I dissolved Inl salhtie wa's Moreaie at Ilwe lowem.I tloscs but 
shlowed slimilar activity to LI.RI I dissolvedh ill Set.-Sie oil at theC highuem (loses. 
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FIG. 34-2. Lffect of vehicle on LIIRI-induced ovulation illrats in dicsuus. 

Uterotropic Activity 

The third bioassay system used in these studies was a measure of the titero
tropic activity of LiH'RH. It has been reported that LI- RHI has both indirect 
and direct effects on the uterus.' In these studies, three groups of intact, 
inmmature female inice (21 days of age) were dosed sutbutaneouslv once daily 
for th-ee consecu tive days, with 5, 50, or 500 tg/toial (lose of 1,.1RI I dissolved 
in either physiologic saline or sesamne oil. Another three groups received 
estrone dissolved in sesaie oil as a positive control at ).03, 0.1, or 0.1 pg 
total (lose, and a final group received vehicle alone. Mice were si riiced 
approximalely 2,1 hours after the last treatincur, and utcr-i were cxiscd, 
cleaned of sulrrounding tissue and weighed to the iica icsr (1. 1 irg. 

In our experience, data obtained with Ihis illdctI ;1r,gciuciallv colsistcnt 
and reproducible. Figure 3,4-3 (lestilbes a tl)ical experimcit inwhich tlile 
effect of' L-RII administered in lhe two diffcr it 'chides is measured. As 
can be seen frour the positive cotirol, Cstr)ir0e Stililated UCir-inc grot\h ill 
a dose-related ianncr. I.HRH dissolved ill sesame oil also produced a (lose 
related uterine response. However, 111 II dissolved ill physiologic saline had 
no effect oin uterine growth at the doses tested., he explanation for the 
different responses in this animal model when LIRII is admiinistered iri tie 
two vehicles is not clear. As discussed later in this chapter, however, we believe 
it may be related not only to differences inabsorption rates of I.IRI-I from 
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FIG. 34-3. Effect of vehicle Oniltile ltotrI IJ)p(, ativit IRIIof 1.- inimiatie mice. 

the two vehicles but11so to tlie need fot or]e it)oh)ged sermI levels of'LFIRII inorder to stimulate tclritie growth (il'ectlh, or ilidir-ecly. 1"o test thelatter hypothesis, we conducted all experilt tent in Whi'Ch we comiared LHRHdissolved in saline ad tninliste(,dof to inmitmattire fice sCtf tatiltioslv either oncedaily or five titnes daily at 5(0 vg totd dos 101' 3 days. Vehicle cot,'ol meanUterine xeight was 9.) ± 0.1 Ing. 1lhe tiieti) uterine %eights of animalsreceiving LIIRt once dailY a(d five times dalily were 1.5 :t .0and 29.6± 2.4 ntg, respectively. lTough this is no0t proof (fl'ot hyp)othesis, it does 
support the concept.
One further' point which woe noticed, from a se,;rafte set of' experimentswhich we conducted utilizing uter)t ropic gr'owth as ail ei dpoint, beats further disotussion. Cobin and Beattie' have reiorted that II-HRI in corn oiladministered to either ovariectoiiized mice or hlNpoplhvsectmiized rats stimulates titerine growth. I'hey stiggested, based onstimnullte terinel( these findings, that LHRHgrowthl ([ilecthy. Utillizing ovariect(.I(llzed( iniature f'emale 

mice, we were unable to confirii that 1,111Rliiad this eftct when dissolvedeither in physi laogic saline oi' sesailie Oil. ''his differeice miaY be die tovariations between ituttliture and mattite allimi;ils, omt.in the composition
the vehicle ot' puiitV of thlielel t ide. However', 

of 
oul' dalt raise the q uestion ofwhether LIRi does have a direct eftect oi tle nteruis. 

DISCUSSION 

Analysis of ouir data from the three experiments described suggests that vehicle was not the only variable affecting the biologic response to LHRH. Ifone compares the effect of LHRH in a common vehicle in the three bioassays 

500 
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ill vehicles such as sesalie oil. I hc explitlatiOli for these differeces ill bio
logic response is no t cleatr, 1)1t seveal possibilities exist.

First, the bioihratrm ueitii prplerties of' peptides, such is solihbillitv (hlar
actristics atiti parllti< cffic:etit. atr( , sth11that 1.1RII wouldIll l le Cx
pctedI to Ie solulble it \vehicles stiu aissesatitc oil. ihus, Sesamiie oil Iecoiesa+SiispeF,c ii iieuliitii atl)(l 0Me ttist isslit tniiforuiitv of 1.1IRl I distribuitiotn
prior to itsc. Second, ll RI I 1tiiv have sccral otthcr hiiolopi, aiotiWs, such isa direct -d ec: "I otlii relo uctive olgas,nin tlfitioti to stitnilattig 5tcretioln of'piltlitlrn goll tipt~ lills.
 

lDiffereicnes ill 
 tilc cti(A ctill stte tiiav i)impitant ill the tli iijiliModels ill which itlii oviiltifti(t ,o is iieastitctl. ()tit- oull sleciilate
thtt h'c(usC anlIdFigCI-StClilido (1 have it .,tlit 

these alilittials 


rlt'sdo h at releaise of 1.IIRH,
artlnit,reCsPiiisivc lo .,tXoiyntoits 1.1"M I tlih~ir ar+- (tilsttlis

atiinals wh<ose 1,11RII levels ati (\(]I antd in s llty hc less seisitlivc to exogetlols LtIRI I. It iS ctli.vced liii ian fllic le.,sill altndrogei-si+t lit l ratsite I ttire-- iltcl )InIi,lnjl i toiittr tit,,mstitnitilaitin b II, witIts indiestrous aimials, mlvaian follic's at(. less titue. reoirinug tile atnli pet
haps ilne golilda trtpii to I'liti-c.

Filill,,, the diffeteni t ligtiliti 
the 

h. of resJ, jtsc to 1ItRI I it oil or salinc ill
nitcrotrtopic ;assa,. as (,oiiitd litmti Owit estSsvt'til I leasting illtdtut io1 of ovtilatinmay, to a biologi ncef fota surge t .lIRI I andIn\ rclait 


Li1 iti order to ilnutIe oxIllationi, whcias tlictttrlren 
 ic resp<onsI me\ re
(1utirc l)rtl0ligC SCtilt l C\cls of 1.H1101 . We siisjitpc that tle Sesaltt oil isttcttig Asa suistIithd-rCh;teasc lot)n !l l f I ;lif prt-bIlh pridcs (mitiuliil]levels o[ I.IIRII to (itcircuilitioli to itnljxict citfict liiettl\ or idudict tlv onthe uteruAs: ',hCirCas Ifl)siihogic saline t,d ais Ic
a eVhi pruiocs itsnll-. ofLHR illthe cir il;atio folloed by1a rlpid rop itito its pltstii level owting"to it.shott alf-lifC. It is appalrnit 1,t the Ioi(c of vchice itilized itl the

bioassx tin cillrt obtitio lre(ssion If IRI I ac1tio0n
thile 
 n(mthe nterus or
 
allow thiat activit \ to he cxpssc d.
 

V;le, alid collilttCs21 luiv\e dteliljotist r.itl tht;1 lissic 
t iiiltirC ;iss.i\s ind
tlllonlrntli biniditig lisslivs of III RI1I ittldiiso alwas coclatc, it tito iV 
geltreil rt'lc atc of these (litit toI iz'uo htas YetCu teFSPiOtses to be ptlxcil.

We atid otihrs hi;axe showin thlal antifcltilit ciitx\i x'aries ati long spcies
ald ilia..or titinotn orielae with 1.11Rt igolislic or iltittiiisic ai ti\it\ 
ill 7'11o..' 1 

'Tle it tllis, r.itSti a ltt titiupttc fll, It ul tt nel ti ulh hlicatiotlbi florL RHl utrllaogs. ()ni present dil;i c.leanly dleinoistralt vaniblcst 'fi1 tifittt
ill bioissivs tise<d to stldldv 1.11l0 it, 0C1R including veli Ic.t;irgel tissne,
biologic (ci(llit leing stillicd, rnist ie co itrllcd if vadid iit lfsios,> ireto be reiic f rlidegaldiig t l ifiarntilogic ,.tivit\ ;tid pottnt i of these 
peptihes. 
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Discussion: Safety and Secondary
 
Pharmacologic Studies of LHRH
 
Analogs
 

CARLOS A. YCHAFFENBURG, MODEIOWrA 

Classical )harmclc)hogy ill allitials with 1I IRI o1r its analogs, hasto date,
reveailed little illilleway of activity ,o thcse Fcpitidcs oilci. thai their (ftects
oil tIlteulocrile organs. l)ittct (M;ir(iivascilml, renal, hitniaitopoi'tic, CNS,
o1' other ol'raill or"systIII ct s iivc riot I1ci (lelli tstrate(l . N either have
these oligol)4pti(Ic lioltIllolts showil ;1( ) sibitiitc toxi(ity ill t'1tietv oftc 

alir lial spc i's cv'II it higl )liilillitco )li dosc.;. l his lack (if o )rL,,uis'stiell 
toxicil, ill aiiitiialls has 1)4t11 dtil, (gctiimed ( lii(Ill tdniis ,l - Ill ill n l 
womit)i, ati ,liilreli, 1111dc ;I at li 4)1 pihv.,i(ih)gic ()i(itiolins. Alt)it t(o
1elativcl short pi( ods of tiMe. 

,i id i/no (listtil)iito 
ieled 1+1I iR11 o its lIiscte-iii mIiialog, atsw ll a1s)htiimic(okiictic siltdies, have
 
d(etimostratucdi a (iil(k 


In .'nI'zo - M liSsli ti c Xp)etiititu .s ill rits, Itsi'ii4 rtdi(i (]t

i(o

Itfo i io,)gicall i tl yti .ll l)t ie s, thuis laIigcl\ ilid\iti.' o',ltt s about
 
their peilsistelit effTcts alttr \vitholt.,ili l of, idltijtis;ritti. illere is,iti10r
1 tilIt tpiltcily of ilit)ti) 


pcriFlicil (iVtiliItic iegltalll l 441litse subtl)alices 

ely, i4m4 (oil t illig similir stiloies iII ()111 specie(s, 
partictulalyI, il htma s, bill in va)) stitdics with htni1 plitili\r (ccls wouldscell their rtsp)4)tse 1() .1IRI I mi ito itllat. l1a, ogS is (Is llpiraI)lc to 
(hat o)blai :(hwith lit tissues. ( ltitoli bie li(o\vei. whCII illilltistext'ied, 

teir)ieting (!l i lln iru I)iv(ill, lo 'xIrap;!,iItt it \ iiss ctis, it) ite\)f tie tact
 
that in117,il,) stt(dics 
with lidwltideliiiiteriil (do liot sh(w either te'stictlllt' or

ovarian iWtutLIllatiot()o rithe p)l)ti(ie. I)owl-rcgtlllloo f,1
the pitriiarv II IRI
 
rece l()tseellis {iiliilt to ltoistla t, c'vt ,iafeaI(ltIiIIist liliot iof idars (tie 

tively iargc (loses of ti(e agollists, tid su}l (iowii-tegtll;llimt seetlls I)).,p)pear

orlly wht'i ver y high ()(5scs41 Ille rtgllists are giv(.il h\ irifuisioil M\t pc)eti((i
(I 
of seays. (i,.'5.
 
As wiih all otlher hiritltotis, the: (host'., it route, thIt 1tirittiet dllc il eli

ration of*ad(itirliit rht tilrfeoudtrt:ISt I)
th(io 1,1IRI I an(l its

analogs, lihe stths ,ti stu)j(l tat tile trionllirl of
tille tdintlist tiotl list)atffects
 
the resl)otris, as al)il itll(
d( olist ihctre di flereticts (of respolns) )to(ll
during tHie i(lliilJitr as (omplarctd to ilte )r%\hetlhr tirellc hlultcl phaisc, )one
is given to in)divilutls la(kinig tite tll(i<rti( showing cvidencelis loi)i))ote ()I' 

.jPanrh37 : William F.C o% , r., id L.Gata,, I)o \"'oiu rge n K . S . Mso mm. ar h, K l i I I ali, ikslml);i,l(s A. Icttmirthy,a n dh%w iitts:.Ric~ do 11. As{ m -m S . M()g hiks i, ( ;; m . St h afelh ng 
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of (iysftIri(itdl molo(I 4 t ihs in . .(ImIillisl Ialiorl (f 1.1 I R!~ I bySU1dU~m a~t;iiet 

a mnechanicailly dIivcei puip to itildividils L~t(kinig ftt 
cn Io)gcnlo.s Iorine, 
its is the case ill Kaliian'. sinirm3llicfl, ias .shmviii tself' (aat (&1 il(IIIt~ing a 
horiiionall near ii Iwl1 tiicilmiasiru (It-i, withitmInaii m,1vtit)~iI(I d evll 
pregnancy iii so ic ases. Wei auchm,I1 tlliigclyd~I igm1) an" 431 heu tMfcs 

dogeinots seurtki o& the luiru11t "1(1Yqd a ill ilV)Owhidamli( aiclillica, 
where pr1eslumabv lyanaitfiiiIiall .lillllmaime lllilllj( king tihe niormal~ would 
be supianp~liowed "nI CXWAYtiMlg aan ai~lilbet~it MlICo~I Ile tlCtrCC333. 

Winhii t S and lilttmihti be a~ tlliat3Iltl~Olmv,313 mbIs 133115 II)1cS

tablish tile pancril (&o 10na.lit(yfinIw ItI!'(S illII l lIlal wmi'o.Il od \alim31 ages 
by3, a rrietiioi )iligv ( )linparahit iIm tilt, kali3 31 ill.'lti11113331. 

SI'l expimenl~Cts i3Itsellttc ill (Ill", st'Uoall i)OllI w3 ite( 11(I 11 Slliying 

thopharimmtkirtg 3. (d105thI and SVII ('3 itlt;1(1ill~~i 33 inlie ith thooei 

Llntila1 atitjt I [((iltoC I t( , 3 (t131tit theM i l i~ l to ui(d jll 31 lli anio13 Wile 

iitit i s 3)1h~llg1(lestablish,it l es i IIIsc iS13 ti i.I~s 1( lh slas ict iltgreliiby 

of i3illi l(I ts(1~l~~lll itilcplslgamnsr ti p~ni.lt it II i 1iiti1 owil. Tue 
saetin31 these SilI)Sw~ inii A aptter aOli~-l.3i It illp liia 311,i) nitlS 

ft oiw IcIi 'mallin( the13l l~t(l~l( d lolla diprobi ti s fcI isti(f gicittt (i 
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PANEL DISCUSSION 1: The Future 
of LHRH Analogs as Contraceptive 
Agents for Men 

EMIL STEINBERGER, MODERATOR 

''he paiel was charged witi the discussion of several pcciflc topics. Each 
topic isstnitmnlarized and Critically discussed by the moderator. 

POTENTIAL OF LHRH AGONISTS OR ANTAGONISTS TO PROVIDE
 
FULLY EFFECTIVE AND FULLY SAFE CONTRACEPTIVE AGENTS
 
FOR MEN
 

The fuindancltal response to both the agonists andl the antagonists ilt a 
ltbeliri.l+ of species, with the possible exception (f tile tonke\', is similar atnd 
akin to tlhe rec-sponses observed in hummis.Someillvestigatot's feel that, sill(t
:certtai iifftrellces in response to II RII analogs have )een notted almong

various species, these liff'erences slould be studiedl in greatett oetail. hir
theiioi'e, additional species should be 
 imcst igated in order tlodclilcalte inl 
;t more precise fashion the physiologic and Io)iochieical mcchaiisns atssoci
ate( with tile action of' the analogs. Soen discussanits sul)portedc tile view that 
the rat .erves as an adequate alnim;,d model f[i studies of I1.-IRIl malogs.
pointing to the facts that most of the original investigautios were col(lticted
in the rtat and a large )odIv of inf'ot,nation gained from those studlies has been 
shown to apply to the htm1arl. Others cautioned that generalizatiot hased <on
results obiaiined in the rat, partictlarlv in respect to toxicoloy., teed careftoil 
evaluation in se'eral species. The l;,'ctr view has Ietit, ,. )INv wIeni (is
sccted intio s)ec(ific c'om)onients. Ltndoubtetdlv, rclamive to St Oli'" of toxicohbgy
and pharmacology of ally stl)stallce, no alimal tmIldel will Cver provide an
answCr to the qlestiont as to whecther ;lc substance will be fu1ix' effective and 
fUnll'
safe in the hntuatl. Since IlRII aalogs hla'e beeln admitnistered to a 
relhiti'eV hy sNbjcCis os er a tairly large (lose raigc wiiliLrge number of'hunnati 
no dChtecl;1ble detinIettal effects, furthet studies shtouildf be focmsed on "plia
mtacologic and toxicologic pal'attleiers in tile hiutman otitless a spc(ilic coin
traidlication call be demlostrcal. 

Pan'li.ss: Fernand tabrie, David Rabin, Catherine Rivier. D.ioLant.h: F.lsimar Met/ker (Col
tinho, William F. :rmwley, jr., Richard A. Eclgren, Joseph W. (;otfzicher, Karman Moghissi,
1). j Patanelli, Roberto Rivera Damm,Jurgen K. Sandovw, Carlos A. Schaffenbtirg, Briaii Ii. 
Vickery 
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11(Althougl h d1wli I RI I itgoilistsan iliigoiis iil(iilti' .sj)t'Iliil~gt'lil 

arret I .sle it'IililtgIc ll)(tSS. hi I S1C(ISof illl oliII 1(Sll Itll('t fiiill ais lit i 

till'i n 'if ag foll g-;s lelilrI~ ilId . aciv of i is llpcr lioiiN Icim II'I'i' s lllli I 

bt~s:l tmit i b e I s si I II S i I ce i i'll timw (A i lts cipt'ttl- iit's.IIII 

it ll g l i cl llt 0I11limst ( fi.'llle l I ittst'ti il t' l titfiscl tI iii mit i 111 tillo 

m-derk. pl- -css. T llcIcstcs (A l l Iltsl d(luilc till ii l i m' 

li s t'Si' I (11't' ci lltt'l'i erm 1111 llblc 'Xt'iI'ii il Ilt'bhi llj 1 ~~~il t'is ie 

alII)E-EFFE(:'I I agu dU[lit ct (ER '' iliaNolI) g lii s )clid 1i
 
COX'I'RARP~o'I TRCt 1 'IllICI OI
\ 

lil .sIliit's. (d HisilIhitt'.ll' Im'iitil Iiasiisiiij t(IIltt'ihlIhig lilt' \iSillliiillc 

IS li' 5i k ti'il ltieli il with(c Illdcidll il(itt l (m t:o lum ilt slli litt'illll 
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libido and ptlelty. This leads to( the obvious issue of substilutiol therapywith ,ndl(, ,ltts and the questions of (rug iltleraction. As one of' the partic
ipatlls slated, its Soo) as it requirement is developed For aIdministration of twoilrt1gs it[ Il.sa lle 1iile, tile pharclituologRi aind toxicologic pt'o)lenls become
astoitllnic'al, cteatilg ain Clitirelv liew series of plrobleims. The (uestion ofinl'rogen sttbstiittio therapy,in thed( nk, 
has h(_'u (ItsII.se.,d (filling the aiast seveil vear' ill u puilicathos dealing
vIh lht topm oI' inli.le (mnItfIaceptlolt. 

Parutici[ptts of Itis Intetvtitg also wolilerel alotit thw following issies: 

elopiliienloio la (ontilalcepliVe 

I. 'hat will halttpeit tioLevdig (ells ift.r a xi iil of tofhimh s[p[)i.ss oill? 
2. Is (hhi-ili mltltinistinlit (f ttosteroitr over a long piilIl of 11l1w ad

3. \Will the eitjliIt polenlial offitnc b- affectd bv testostelototllreI'ttiIllt? 
4. \Will there h- aim effect on tlte lI.fsptiug cmmteived i ter tlisco.ttillat iOn 

(Id ttot)swole thlerapy? 
5. What lormoof' iognllgs ( 1 ai(i shiould b ' uttsed 
6. l)o we have pfpli-J)i-iatte iloliogeti pel-aitiotts fof use as te.placetlletil 

'ltese ([tu+stiots shoull lw, :lt! freq nlt.tl\,, risedtar iII lespect to antYJlthtrnll , ,hi litt.l('tt, hiologi( sub,.ltii,r ttitiit l, ex. ostit, t)olt ph\'.lillinj0, 1,i(,,t.., altititle) or e p l it torltilloill, he;1t, stress of a v fol'll.
 
l-. it Illy,".I s Ill<IferIb
ltli<i n Illlcspe<t lo Irllc it' l, i,v' < phalnlthologich,<,f' wl ( titll Ioxicologic iIIeff<.'I hoilg-tt.liul will l elhc
ap;y with 
It'l<l
stcrl ill l th1cre.isl,1nitt U 'clitlivaIp p <,<'lodl-li s illailtllscd€ l'->lic
 
tittitiwi iII tw llUitila Illtle. !'Itysiologic ialtti ttlts illf p'at h( (tillh litlges
lhave l l itftee( hufritori- • ililitrsittioll of iln.10 ' e.ts itdoses creatingmarUke.d t'cvation i its ( Ir+ulitthnlh els:.,biull ]]lost d tira t ongl-lwi-'ll aldmlni 
stiliolltof aillrogeits ilt ,.s that result illrtl
n 
 ,tti'lylhysio logic (ir.Illlttitg
levels hlave failecd to tlcov(.. itllv seriots sihe-effecls restilliig i itperiliatleit
l(aIltfh liat-(f. SimilIly, ito) evidence fas I'vel unitottveredl o1(suggest per

llitt1tlit iijttrv to Lvdig cells or to the"st'lifet-o1IlUS epilhlituin .tSlting il
iltet'r illat(lotitt, rCcover. of' aldrogelic fulictiou of' tile Iestes 
 m iioftttiomof peltmnaieit sterility. No increased imidtltc ill coltgenlill de.ects has beeno)bSel\ed ill ollspiilg of lttnwhose testcs hlatve beet stt[j'elssbl by (0' ex
piosed o0' o tli tistefod aitdrogetts.
lHills, llholitgh '( ittust rclitin alert to Stut p osstihilities, it Ite 5ille tine\wc (itlllol betpilllv/.ez d 1),+ thetthougiht thitl(1-li mahnil lnistrlioill ofIaildro'(

g.sIi, t Ill itittM t i 1 ,i a lig period of tIlle Ilil1i)l1 d -esirable.W hatwC itttv Wish to had'ss, hlowever, is tilc Itestiol of tvailabilitv ot,appropriate
long-itctiltg pli'-itritiolts oifandrogens. It was forcefilly pointed (itt by the 
iliel pit'liciplitts that •we ought to t'ecogillii that replacement thterilplv vithlestostleltt has matde it) progress illtile last 'It) ,yeas. lhis prol)ably is tlvmolst difficult ind tle most serious obstatcle in tlte development of' t "firsltgentrlttionl" St,'ssIll itmlle Coltriceptive. II has b e hcletrlv deimonstrated by
ItlItllf)bI of' investigittors !,or l)0th the lowetr slcites itid hunt1auts, thil't.1ijl)I-tS .io 0)1' ;Ilditlgen Iprutctiou hv eihfdoinCIe inetas leads to reversible

'essli<llo (fspeltnatogelesis, thus to an inf'rtile sttilt 
' 
 e'et when testosteonl e 

http:pilllv/.ez
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is administered itt doses which will iesult illtt)lt 1,1 itcilltht l Iol((k ,tt
drogens with the ilcconmanintg ulnilitttelitlu c of ittrotir l lililo and pl)tt \. 
The stnmhlitng block itt eacth of iltwse itplpnIts. wictlic wit tmi alo.sti 

of 111RI.lttialndgStils,tllos, atn.attlv al(li),togtortl~ttllo , , ti .C Ins 
been the nmed fWr univlcu ltlivllc(itltt lrcilltritltilti ititttttti(o (d tlldlroge l precpa r mlios,t-vi c llyl of[l lq wla c i).i n t,nt q uImtionl +a v alil;hililv t~ rltt 
andro(gen lprep l~riioll tllill min~~talin stlh]c ;and lrc( isc.k+ l'llud'{wo''(uld , it

culating attdloget.tI <levels atl t(ood lc ,ttdtitistecti att ilitt(ftitll ltit\.tl, would ra pid ly ' lea,d~to 0 Wt(dcvch0 )iltl l to IllC Illst-g uc. a . i talt nl;

ceptive. )cvelopteni t i ;to cc(ti\e and sailt.i i ttitttt \utihl ltili
ably be e(el mUrWc desiiIle. Int iitlt wviles iSte hlitto ii
t,li, 55t I l(t,
address .tltunda~m -'.vtal ba;sic+ S(+tll( (it.,uti<ll hlt (Iclc a pi ".\,lilt l +klill 


+
maceuticall delc opmhnt issue. Ne'ither tItlti sc ,'t, li< ilitc s.ttlt \aiil 

agencies have Ildame ,as"W~ticnlikv tirthtsiatsli( t'11h slltc., l~t
i ll'll h litllc i<dca
 

of such ph rlulicct tica l (lccsit itttltt iot) t lH iitiv c itilt %\Ititt ilt
 
toreseead lit tle<. Nhit likely ,ati a kttninigh \ill it .tth lI itttt(.sc t ttily()I sollc illvc<+stigillorw,'im(w ill "sttulit}y ic"tui)o)ttllc alls%\., It,[Ilki(Ilt,,im .. 

Another iss lt d ltessc(l by t e )ittliclist.s l (titsitlt \,ltlclt Ittti+Itti't it
 
isalt ideatl in(llogelt fol 1tc l citt .( )tte (i tt ( ltoil
ci tt tltctilj tteilitt i 1tdlesiratbilitv (,fan~ imnati/,tbIc and++o(1 illctm u<tise+andmtgucil wplwllc.ilt 

therapy. It Is bwlt stuggesttl tht itnvestigatits l())k at hig-t iimti dli ilt 
tire s of 'lnolnil'o mal Ic i l u ,at's;~ n dh t tc,ct I h~ % lildti,abl androgte nst t io(e'sh+,<t . is. 

--be a very l'.+id;,InuIIIforI ,m lohirti.n.no[t <otlk 11-miillc \ic%\p,l,,1 (d[dc 
velolping' a tral(- cotic initc, hl +ats ) ( .chqo ill 1111.,talt( l.ldll( 

gen repla rwrcli thicralm Im. paticnit>, \\ith h'i)(,anit t ,,.~ li( 1i mlic... 

MODE, SCHEDULE OF ADMINISTRATION, ANI) FORMS 
OF LHRH ANALOGS 

M ost studlies (onducict (tt ati ill( 1111111tm)~ riltIf+hi', )c'vn (oIshor<t (Ill
ration. Tlhis has Ilir-(.(tludd thec de+velhopment ofl "hcst" 1, woks fr sttl\ il 
induction an~d Illaliclia'lll(c'o)f[(l -tclil suppressiont of sperm l odi(li<,l. 

The de'eimotctt of itmtrtt m- loiss ofi libidht retqtires lisc niaitt olt)titi,the study in atgrectutc t with I"I).- w ()guidelines inl l tt lirot l. I+It(c lIm ,
to co l .and rime lcd d e si g n t ed~imvl'c."g ++ alct ic'sex p e<+ l t lri()llSma nd aI lla ntl<) t . 
w h il ea l)so ltnIc I l,)I)ia:ui th is ge o,f]I llia u ri t'.tat fo r s tla ll llv '×l .l im, m'illLHRH, have 'csltictel tlhe it"stigati ls itt their aitltlil tttn.s\t s i d1101 

these ntmItlte bint ,tbls(tittlt. essentttial (tltstiis deitling \witl Iiug, 1icitphatrm ac<)kinlti<cs, I~io(l ( responlses, +tintpossible p)a hllhpl.i(lhogi( sc.(iltliltc. 

(Ili ()iIIIRII p~ln llt(dI mOn the other hid , illic sti<ot jiaratils ,ttti l(nIt ii iltistration could hc++applra(licdills+htmv1-clint sttudic+s its ll lih\cturil ,ppim 

the regulatory ilgetncies.
Both the p~racticall and~ the lIi<)(l ll oI[whlc ),t'l-tslioll tll l(ltw 


analogs are treetd e"vukcl ;tlively ( iktsi,'i. ( )nt \w%\ poiitt imlibc 1it( 
marized by the staittitti: A lit of tIrc jilgglttg wit I Irtigs is of \ct\ liitttil 
scientific antI theripetit iltmptortalce. ,\hlthougllItis is t vtlid plt;ttli(ztl atnt 
philosophical v ,iewpont,alt o)p)p)osile vivlw<oitl has Ieet mticcl illrsjt~t ItI 
intranasal route of I+IIRI I admitltistratiot..\pparently, th iltiotltft of IAI.1 lI 

http:ltit\.tl
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()htitill ildequilic I)i()]()gi( I h\ Ihis 1-mlic ()I ild 

I lilitilst I-m 10111 
is IitIgc. At I a I I a h )g wIt 111111a 11g I-ca I (,I p McI 1( 2( )- it H)-I( dd ) wm II( I Si III pl If'y
III iS I(will ( if m IIII I I I Isl I-it Iim I (d 1.11 RI I. 

:kIlm I](.I- is"lle III Suppm I I()] Illc lict'd 1() dc\ (-I()I) Im(cm ;Iti;tl()gs is 
().St.Sill( c Ihc till Iallits'll Imllc I-t-quil-cs ill( )Idillatc allimints (d (11,11g, [lit, (.()St

(d Illcrap\ hc( mllcS pl-()IljhlIlvc S\ lillic"IS (d lll()I(- IMICIlt itii;tl()gs muld 
Ili Ing illc c()SI (1mvil Ill[() 111C( ill1k Ilmic Ica."IhIc Iillige. 

FUTURE srUDIES OF LIIRH AS A CONTRACEPTIVE IN MEN 

()lit' (d IhC lllitl()I' IN'SlICS 11tiscd ill all \%()rkSIiops (mi(cined \%-till litc d(wel
()pIIlcIll (d I 111AIC (M ll] ' IS IIIC tot)f ,it ( t-pl ,lbliltv. Ill lcSpc(I
illis ISS11C. %U Ifft, 1()Ilg (m tqmliml', 'llid "Imil Ml ()Ilc Iml(i(ipalll Stated 
Illilt lim-Sliglim" Shmild m)[ 1()( k Illuill"cl\c" till(, it!\ ldcils 

\\11,11 \\Ill bc 1111d %\11,11 Xill It()[. Ifc 111;11 m 

i ik it 
lic 111m ighl 111,11 olkm g %millcil %%[(It 111111lud cdll(,lll()ll Illc (d

1 4 1 pi (-I\ d t Im 21 (1 SHM 1 1(S %miildlW\CI cd 11 l hmul c(mmin,
glmlp, alld It,- %Ils p1mcil \\Iml". plIll( ip'lill mll (11,11 ill 

I'llkilig ill 't bc(Illim . 
ill l (11111(IS()It(. thilig, dclll() J lplll( l((upllblIll\ l", 'llmllicl, (ldIlll-;II

d(( (1PIlblIll\ IS;llmlllcr, 1111d (.111111( ;l((Ci)l1lhlIllk "lill '111whel, 
1 111" kicwpmm \ &, ch1(IlwIIlI\ Ill list I-mcd bN (111c (d Illc P11111(limilrS Imill 

smilli Aillurl(;I, %\It() 1111d (m)"i(Ici ithIc cxpr] Wil(c %\Hll Ml(m (d Ill'tic 
(()IllI;t(vPtlkCS' ditc] himlig lit-Mcd llimc thall 10() illcil. Ills cXpcIIcll(c \%,till
"PC(Ifl( ctillm and sm1f)(IMM)TIM L'Imips lcd 111111 (() (It(- (()[]( Illsiml Him thc 
mrii mli. Iit (liku ;I (,)jma(cpil\c dii il\, t\\I((- d1tIl\, %%(,(,kl\, ()it((, I momli, its 
,1111111c(lithIt. m pill ')I ()Iil(.l fol'Ill 'ifIllr\ mc ](.itll\ limmatc(k if illc mall has 
18 (Ilildlell bill It()[ climigh 1(()d Im- (hem. Itc will ;tm kill(] ()f (-()it-

If(. 111;1\1 1(wpl 11111mit'll(c. It appc,(Is Him Sludics ()f
;l((cp(,lbIlIIk (d I lll;lIc(()lm1l(cpIlVC 11111\ IMI bc ill(. Illst prim-liv;ls litrils illc 
lircd fm "1111111-c Stlldirs.- t'll(ItlcslI()IllbI%, wr 1111I.St Ill,,( dc\cI()paII clit-clive 
dlld Safc (mill c bchwc wc Iwcd I() hc Scllmlsl\ (MUCIAlk'd 111)(m. ac
(cpiabllM. It Is Ilk(-I\ iliat It milil will a \;It WI\ Id IM,111,11 ,Hill I-mlic's ()I,
it(fillillisilitilml (d a (()IlIr;l(rpmc If lit- IS Appwplialciv b1 Ills till 
flit-dulic pcISml;lI licnIS 'lild ill(. clivilmill will. 

11 the iliveSligillm", Illc glillitilig agcmic", itild illc dic ldca 
Illilt il"cgilicill (d Ill drImpillatiml %mlildhc \\ 1111lig 1()Ilkv xktill it (()Ill r1l(cpllVC 
1() bu ild fill Ill."I (.1rd Im illlc(lion c\cn 12 (Li\s ()I' cwn 3 wccks, it iminbcr of' 
it\ CIIIICS dre (yull llm : IIlls ill( Illdc's I1w Its(. (d 1.11 R I I itil;1k).g.s. Sill(C SMlIC 
I-DA l.cpl-cScIlIiIII\cS Ill(II(Mcd that illc bilsl( pliallimmky'y mid wXiml()gy 
stildics pclI()Illlcd Im.11(m lit bm cr Spr( It's a Ic IIll prcssivc mid lhal it Illilliber 
(d, It,l\c had stilli(it-iii data I() back ill) k-(-i-\ tonsl(Ici-itbic 
d illicid Sill(lit-S, (11C ('1111)llilsis f()I- filtillt. studics slim ild ccillel. ()It 
illve.sligalimis ()I IIIc ('111(auk alld SafCI\ (d this (mill'it(cp1m, i1ppr()i1ch lit the 
111111hill 111AC. 'I"IICSL' SIlIdICs slimild Icall (mvilrds Illc im.c.stigillioll of' 
hilidallicillitl v, pIIysI(,)I()gy, allot paIII()pIINSI()I()g.v ()1 1,11101 ill 
lit(. 1111111all Illaic. WIlcrevel. 1)()Ssll)lc, Ilit'll, clillical trials slimild llm be Coln
stilatcd with IIIc mily pill-Imsc ill milid w dellwnsirille cificacy and sal'ON, 

http:1111I.St


PANEL DISCUSSION 1: The Futur, of LHRH Analogs as Conitacepthve Agents for Men / 381 

but should also )e (irected [W,tnswcring questions dcaling with iiioleciilai 
mechanisms of actions of I.11RInI ile I iitann tril(-.

The participalnts agreed that the ilvestigatioli ini the howTe species sh ,ill 
be supported vigorously "tlh t f(o ctis onii specs diffriernces, piiticilrh ()i
the question of LHRI-i effects in the primates, oil devehpmtent of lorc pow
erful agonist, on long-atting agonist and Oit differenit hrmnis ardtii tcs ()I
drug delivery. The question of' differences in the response of serntilliferols 
epithelium to agonists vs. amtagoists is of' Iifldanteintal as well as clinical 
iiporta nce and needs to he at)proached via stuties ii hower species. 

CONCLUSION 

Optimism was ev idei t ainlog the participants in this workshop 'cgarding the' 
future of 1.11RI-I analogs as possible nale coiitratcptives. A large b, v\ ol 
data suntiarimecl a the workshoqp (enltslia'tt(l tllti cnlisidlt allc itisighli has 
been gained in the past 3 years in respect to the paradoxical cf'fco ts of' l.l RI I 
agonists oil tsticular function. The relativc frccdoiltl rot sriouts txit cI
fects, as evidenced 1\ istilts of extensive studies of l<(wer specics, as wcll ,,
by limited studics in the itumai,, is enicituraging anid slimild stinltilatc i;ipid
expalsioi of the woik to the htini iai. \ltho gh it d(los tt, ;tpjcai that (i-ll
rentlv available 1,11 RIMI antalogs, at least by thmct'selves, will be c lcchi\t andi[
acceptable tnale comit iccpt ivCrS. moitirlation fl ii p)l aliittc mtiiiiiirtioi 

r,or ,i 
to be a p'ortlisiilig aveIlleo itvesigatiori which Iriay lead to the devethpillelt 
of' it male (uitraelptive ili the near fttr. 

of' LHIRI-I with hlcehiittt oridrgeitsandll(ew\el analogs apwt s 

airst-gCicrattion 
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PANEL DISCUSSION 2: 
Further'Development of LHRH 
Anialogs as Conitraceptive Agents 
for 'Women 

,11LIt v CORBaIN, MOlWIEA T0 

It wais yasI)IN1agoi that Dri. Sdiafllv r'eportedl [lie Identification andsvihelsis (f Li1R10I, leading to file present genieratioin of'over. I000 anailogsIIM11 lIlIII'ios liit ol)rjes. W~e nowv have avalilalie Inltaiy highly potent ilgmlis I hllt havc 1)1(11 ilifcl-girjligextenisive pj~IliIicofo(gI(' silfeiy, anddlliiillI''kaliia'ioi its pilliai pndl-1tlvi~ and ()IAirt oplIvc agents. ( nly reetlyiit I IlitlIgollisislbttill( iliilaIii of aInlt o)f potcyA of fte agohliStsIII;1I wll 11mv pe'It IItII( ( (Idiiui 1)I)l i stud ' .

IIItem
1(d115 what illt fit( iiutis 1() lit fnff11ljel I'm thill irlie- detvelopmnlltof)I .11 Iimkgllaoas fclltt~it ml accpltuvc awuiltstl fliP)1%.VIllg lilili pomits 

LABORATORY MODELS 
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how appropriate the laboratory models actually were. This is a colniroin prob
lem that has always plagued pharmacologic research irrespective of hella
ture of the physiologic system or the therapy under design.
 

SAFETY AND UTILITY 

To date, the toxicologic, patlhologic and secondary p iarniacologic sludics 
clearly denmonstrite the safety of niarry of the agonists, and espccially thlosc 
that are being .,aluated in chronic human Contrace)tive stiuldics. liwc ariunia 
studies, conducted by various routes of :dnliniiis!l,,il)tI an( regin icils, al dhost's 
in considerable excess of anticipated hunman doses, stppIo' lh wideC saftI 
margins al:-eadv emerging. No iloward lourieprodtlic cf lc( lavc iIs tcli 
observed. However, hiuni trials have not becil extellsive clioiiglh (in Icinls 
of nunmbers1nt t vear's xpostric) to Ihcsubj(cts ili( Of ('OiitiriilOtils Irule oil 
potential for cfthls oilmetabolic and bIiochciiical l)Iiirtt, ls. luc sflcl\ 
data are indeed exceptionally eicoiuraginig; ally iwitllidcliIc s liave tcii 
restricted to tlie reproductiv systcniland represent cxtlcnsioris anid cxI cssiv'c 
manifestations of the basic reproductive propcritics oft thc agoiiists. 1urt licr
more, the aniireproductivee if4ects of the agoiis!s arc rev'isilIlc. 
In1termrs of'drug regulatory agencies, the saft1y slidies tis [il ucti-lfoitcl 

have been trmost acceptable in ideirnif'yiug risk lialbiliics, if indecc ill-\ exist. 
No hard-and-ifast guidelines cxist regardinig tIhe I)A, aind saletiv stidits gel
erallv will be carried out on ii riet'd basis to supol)orI', I.tlitiiiost part, ile 
chronic (in excess of iv'ear') studies il wolltiell thiat will i,,iclircd to rehirce 
the clinical protocols. 

In teris of utility, we havc harud lively discussions oi thrc ;ilit\ nf irc 
agonists to inhilbit ovulation or Il)i'utHi lrctoly'sis, altcr stctriOhgciicsis. 
shorten tie cycle, aind induice l)lreimatiirC iitenscs, spotting, or arliorilorlla. 
Concern hts b el expressed over possible resultaill illappropriatc ct'llillii
trial lnctioi: atl'op)ih (lire to inup)e(ing estrogeni scrtlioi; cxcessivc prn luf
eraionl (file to iutcolysis, aid progesterolie decline leading to i(oiindilill if 
unopposed estrogeti. 

This conllex of rcproductive Cff'tcits, all of whicli rel)resti it (olilrceptive 
evenrt inlite f(oini I aniiliei, dictatcs Ithat a (,arclul irial\'sis f Ile vitorls 
strate-rics be indt: 

1. 	 Do we adniiister Ht irgolrists h(clrt'oicall.N, liiiy iluring Irhc iollilnr l)iist ,, 

only during lic lircal p)iase, or in (oniliilationis OF Vii;liols tlhcrcof+. 
2. 	 In spite of the iniabilit v of& tir( ignists to terniiurac ii'I- to t-week prcg

nailcV inlhe htilrlnll (coilr'iv to tihe effect in Soni itiiiiial it dcs, ainf 
prestuniaby' iibc;iisC of tire l)rolteliIvc Ih((), wounld ilispresece of nii(i
tratiotn earlierC in 1)rcgnti (i.'., pre- or bcti'i-iulttiniiillY)Icl ctiten
tive? 

3. 	 Would tIe 1)OICItial for' UtOopprosed estrogen tiidtr (cr't;irl dosing regi
mens providie r'isk for endometrial cancer? 

4. 	 Would lhe shortening of' tire estrogen phase create aillosclorol lilhil
ity? 
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5. 	 Would poor cycle regulation (i.... spotting or chr'onic amenorrhea) be iac
ceptable in spite of good efficacy? 

.,i, Obviously, the questions that have arisen and that will continueto arise far, 
exc ed oui ability t-i- afnswer tfiem at this time,' We simply do not have enough
clinical information to design a strategy that will provide us with a clear-cut
contraceptive utility. We do know three things: the agonists can inhibit ovu
lation; they can induce luteolysis; and the), are'effective by nasal spray, an
approach. which has a high degree of patient compliance and which repre
sents the most practical self-administered approach available. How to effec
tively use; either of these two contraceptive methods in a predictable,
acceptable, and cycle-regulating manner simply must await future clinical 
research on large female population. 

SYNTHESIS OF EVEN MORE POTENT 
AGONISTS AND ANTAGONISTS 

Shouid this be encouragedThe conseusus among the workshop participant,.,
was affirmative. Can more potent analogs be discovered? The feeling was
that we should find out. Success has been achieved with the, agonists to date,
and the newiy modified antagonists have spanned a potency increase of ap
proximat'ly 360 to 1000 since the advent of these traditional ov\ latory in
hibitors. Surely, any increase in potency presumes smaller utilizable doses,
perhaps oral application and reduced cost of large-scale production.

In summary, we have learned a great deal in terms of animal models,
efficacy, safety, mechanisms of action, chemistry, and clinical aspects. Most
importan,. though, we have !earned how complicated the LHRH contracep
tive area really is, where our deficiencies lie in understanding and design,
and how much more work is required to establish clear clinical guidelines
and, hope.fully, to bring this work to fruition. 
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