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ABSTRACT. Th. objective 01 thi •• Iudy ..... 10 eumi"e tho 
dfect of blockade of noonalal activation of the pituitary·u,lic. 
war uie. win, I GnRH qoni,t. all aexual d.velopment in mile 
rhHu. monkeya. Monkey. were trt.a~d "ith either a GnRH 
qoniat '(10 IIr/day; n - 8) or vehicl. (IJ - 9) ror 112 daya wine 
oemotic minipump. ileginninll' .t 10-1a daya of are. [n control 
monkeya .. Nm LH and teoloateron. concenttatiol1J durinr the 
lint 3 poato.ta1 montla .. er •• imilar 10 tho .. in adulta; they 
then declined to very I ... levell. GnRH lconist admini.tration 
c.wed an immediate and precipitou. decline in 'eNm LH .nd 
taatoeterone concentr.tionJ to vary [0" level •• and both re· 
mained 10 .. thro",hout the r .. t of the qoni.t admlniatralion 
J1eriod. N.ither croup hed any airniIiClI\t elevation in .eNm LH 
or, te,tasterone concentration. ~rini the nut 2 yr. [n the 
cortfrol monkoyaoeNm LH and testasloron. be,en 10 ri .. dUrinl 
the third ye .. , .. ith a rapid incre ... occurrinll' durinll' the rail 
coincident .. ith the b .. edi:J1 .... on. Thia peripubertal ri ... of 

THE EARLY postnatal period oC development is 
assochted with an active period oC LH and testos· 

terone secrl 'tion in humans (1-4) and other primates (5-
12). Serum LH, FSH, and testosterone concentrations 
are elevated Cor the first 3-6 months oC postnatal liCe 
beCore Calling to low basal levels where they remain until 
the time oC puberty. The significance oC the elevated 
gonlldotropin and testosterone sccretion during this 
period to lub,equent sexual maturation oC the male i. 
unknown, and tho consequences oC abnormal pituitary
gonadal function at this time are uncertain. Neonatal 
human males with cryptorchidism havo ~en reported to 
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LH .nd teotasterone .e:relion Will auoci.ted .ith rapid anlar,.· 
me"t of the teste. and the appearance 01 aperm in ejaculates. 
Th. monkeya .. ho had Rceived GnRH qoniat h.d ,ubnormal 
ICNm LH .nd te,tOSteNnw increues •• rd te,tieular enlurement 
"" abo att.nualed compared 10 that i.n the control animal. 
durinr t~e third year olIiIJ. Semen campi., WIre recovered Irom 
only 60% of the GnRH .conist-treated monkeya durin, this 
ptriod, .nd tha sperm count per ejllCuiat ....... upp .... ed. The 
ICNID LH re,po"" •• of the GnRH 3J:Onist.tre.ted monko). 10 
an iv bolw do ... (f GnRH (5 1I1lkll' EW) durin, the third year 
.. are nom..1. Tl.:,' resulta lun .. t that tho induction of reven· 
ible hypoconad~tro;in.hypoconacliJm in neonatal mal. monkeya 
.Iten lub.equent leltieular development and peripubertal en· 
docrine chanpL Thw. neonatal activation of the pituitary. 
testicular exia m.y be • critical devtlopmenlal event in the 
proce .. of .ereal d.velopment in male primates. (J elin Endo· 
crinol Mtlob 66: 0000. 1989) 

have reducpd (!3, 14). normal (15), or elevated (16)serum 
testosterone levels. Similarly. the gonadotropin reo 
sponses oC cryptorchid males to GnRH have been re
ported to be subnormal (17) or normal (18). While there 
may be no general agreement as to whether the hypotha
lamic·pituitary-testicuiar axis is functioning normally 
during the neonatal period in these patients, reduced 
testosterone production during this period may be re
aponaible for the high frequency of d~Cects in the semi
nifelous tubules of cryptorchid children and thA high 
incidence of oligospermia in men treated as chi! .1 ':lr 
cryptorchidism (l9). 

Several years ago we reported that it was p, .!sible to 
block neonatal activation of the pituitary-testicular lUis 
in male rheaua monkeya by continuous infusion of Ii 
GnRH agonist (20). In this study, we describe the effect 
of this blockade on subsequent changes in LH and tes-
tosterone secretion and on the process of testicular de- t'L I 
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velopment from the postnatal period until the onset of 
puberty. The objective was to determine whether the 
neonatal rise in testosterone wB.~ critical for normal 
sexual devel09ment in mllle primAtes. 

Materials and Methods 

Ten mAle rhesus munkeys (Mc:.caca mukltta) that were born 
in 1984 to a heterosexual rroup of IIppl',nimately 75 monkeys 
were studied. Six Dloniteya were treated continuou!iy with 10 
"g/day GnRH agonist (~.Trp'·N·a·Me·Leu'·des·Gly'o.Pro'· 
NHEt.GnRH; Wyeth Laboratories, Philadelphia, PAl, and 4 
received vehicle (sterile water) from 10-122 days of age using 
osmotic mini pumps (2 mL; Alza Corp., Palo Alto, CA). GnRH 
aconiat or vehicle treatment was initiated at 10-13 days of ace 
rather tban at birth ((.0 allow a recovery period after parturition 
for both the mother and infant. The infllnts wert! kept with 
their mothers witbin the social group in a large outdoor c-Jm· 
pou~d (30 :< 30 m) .. ith attached indoor quarters during the 
first 3 yr of liCe. Then, all 10 monkeys .. ere moved to another 
outdoor compound (15 x 15 m) contJIining 8 ovariectomized 
female monhys in order to facilitate more extensive monitor· 
inc durin!! tbe peripubertal period. 

An additional group of 10 inf,lnts tbat wer~ born in the same 
colony during 1983 also were studied. Five of these monkeys 
were given GnRH aconiat for 112 days, as described above. The 
other 5 monkeys served as controls [only 2 of tbest monkeys 
were sui:jected to surgical procedlms (pump implanted and 
removed)). We reported previously the erfect of GnRH agonist 
administration on 8erum LH and testost~rone level~ and on 
the response to GnRH during tbe neonatal period ill tbis group 
or monkeya (20). 10 the 1983 birth cobort there were no detect· 
able differences in body weight gain or crown· rump length 
dlll'ing infancy between control monkeya subjected to the sur· 
gical protocolJ and those tbat were not or between control and 
acouisHrcated monkeya (20). Thus, surgical procedures per se 

. did not alter development during infancy. The 1983·born males 
were removed [rom the beteroaexual group at 3 yr of age and 
kept indool1 in controlled lighting (12 t of light and 12 h of 
dark) .and temperature (22-25 C) conditions in single animal 
caging. Of the 5 animals treated with tbe agoniat in 1983, only 
2 animals are still alive, anei only their data are included. One 
of the animals died of yersiniosilat approl!:imetciy 1 yr of age, 
a8reond wu killed at 2 yr of ace because of Inoperable laryngeal 
Itenosis, and a third was ~illed at 3 yr of ace because ofr~peated 
irreducible rectal prolapse. There was no evidence that tbese 
medical problema were related to GnRH aCQnist administration 
during infancy. 

Treatment procedures 

Minipumps were implanted IC under sterile conditions in 
ketamine·anestbetized (20-30 mg/kc) inf~ts. The pumps were 
normally replaced every" weeks using aimilar sterile proce. 
dures. 10 certain monkeys, the pumps bad to be replaced earlier 
because of infection or pump failure. In such monkeys we were 
unable to detect /I lignificant effect on lerum LH and testoa· 
temne concentrations. 

Blood lample. (1 mL; 1000-1400 h) were taken from unse· 

dated monkeys before and after 4 and 10 days of GnRH aconist 
or vehicle administration and thereafter twice monthly for the 
remainder of the treatment period. After the monkeys reached 
4 months of age the frequency of blood sampling was reduced 
to l/month, and the volume of blood taken was increased to 3 
mL/lample. Beginning at 3 yr of age, testicular volume was 
dc~rmined at monthly intervals, and the monkeys were aub· 
jectec monthly to rettal probe electroejaculation under keto 
amine ane~thesia, as previously described (21). When we were 
luccessful in coll~ting a aemen sample; the sperm count and 
the percentages of motile and live sperm were detelUlined. At 
yearly intervals beginning at 1 yr of age, each 1984·born mono 
~ey received an iv bolus dODe of 5 "g/kg BW weight GnRH. 
Blood samples were taken before and 30 and 60 min after 
GnRH administration. Serum samples were stored at -20 C 
until as9Byed for LH ani testosterone. 

f lrmonal assays were performed at intervals throu.hout the 
stud),. Serum LH was uBayod in duplicate using the mouse 
inten;titial cell·~stosterone bioassay as originally described by 
'Ian Damme et oJ. (22) and hi mCY.!ified by Steiner and Bremner 
(8). The sensitivity of the LH assay was 0.2 mg/L, and the 
usable range of the assay was from 0.2-10 m gIL. The intra· 
and interassay coefficients of variation were 8.1 % and 19.5%, 
lespectively. The LH results are expressed in terms of the 
rhesus monkey pituitary gonadotropin standard, LER·I909·2, 
which has a potency of 0.0032 x NIH LH 81. S'!rum testoster· 
one concentrations were measured in duplicate by RIA, as 
reported previously (23). The intra·'l.Ssay and interassay coef· 
ficients of variation were 5.0% and 8.2%, :espectively, and the 
sensitivity of the assay was 1.04 nmol/L. 

Hormone levels that were undetectable were assigned values 
corresponding to the sensitivity Ii'llit of the assay (0.2 mgIL 
for LH; 1.04 nmol/L for testosterone). The hormonal data were 
initially analyzed using a two,way analysis (treatment x age) 
of variance, foll"wed by a least significant differellce test for 
between·croup differences or a Tukey test for multiple com· 
parisons within groups (24). Th' testicular volume data weI"! 
first aubjected to Bartlett's test for homogeneity of varillnce. 
Tbo test indicated that t:19 vuiance in tt-a data between groups 
was not bomogeneoua. As a result, raw data were subjected to 
a aquare root transformation before two·way analysis of vari· 
ance. P < 0.05 was considered significant. 

Results 

The mean serum LH concentrations in the 1984·born 
control monkeys were elevated for the first 4 months of 
postnatal life. They t ~n peclined to n'!ar the level of 
detection (0.2 mg/L; ig. i\ top). The mean 61lrum LH 
levels in the GnRH a Ist·treated monkeys fell rapidly 
from a pretreatment value oC 3.1 ± 1.5 (±SE) U1g/L to 
less than 1.0 mg/L after 2 weeks of treatment e.nd were 
lower (P < 0.05) than those in the control monkeys on 
most occasions during the first 3 months oC postnatal 
life (Fig. I, top). 

The changes in serum LH concentrations were paral. 
leled by comp81ablE' changes in serum testosterone levels 
(Fig. I, bottom). A two·way analysis ofiiariance indicatE'd 
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FIG. 1. Erreet of GnRH qoniat adminillratio!l on m.· .• ' ,:tn) lerum 
UI (top) and tftroeUtrone (boltom) concentratiolU in infant male 
rbeau3 monU)'I. Contro~ n - 4; qoniat.tn!ated, n - 6. The animw 
.. ,.. bom in 1984. The acaI. of thl :r·uis hat been expanded durin, 
tho early neonat4.i period for clarity and to ICcommodaUt the IddiLionai 
blood I&II1plea Laken durin, this period. 

that there was a significant effect of GnRH agonist 
a.rlmihistro:.tion (P < 0.025) and age (P < 0.01), end a 
significant interaction (P < 0.001) between ~;Iese two 
variables on serum testosterone levds. In the control 
monkeys, the mean serum testosterone concentration 
increased from 6.0 ± 2.0 nmol/L at 10-13 days of age to 
a peak of 28.4 ± 10.9 nmol/L at 3 w~ks of age; it then 
gradually declined to less than 2 nmolfL by 75 days. 
GnRH agonist treatment caused an 6nmedi&.te decrease 
in mean serum testo~terone values from 7.3 ± 1.5 nmol! 
L to undetectable values a..ler 2 weeks, r.nd they re· 
mained low for the r'!mwnder of tzeatment. Thus, GnRH 
agonist administration abolished the active period of LH 
and testosterone secretion characteristic of the neonatal 
period in monkeys. The changes in serum LH and tes· 
tosterone concentratiollll as a nsult of neonatal GnRH 
agonist administration reported here for 1984·born mono 
keys are comparable to tho3e reported earlier (20) for 
monkeys born in 1983. 

GnRH agonist a:iministration did not alter early post· 
Datal growth in thtl 1984·born monkr.y~. There were no 
differences in bod} weight gain and crown-rump length 
between the control and agonist.trea~clmo"keys during 
the first 20 weeks of postnatal life (\.I'able )J. 

By the tiLle GnRH agonist admir:~tlon was termi
nllted between 122-125 days of age, the serum LH and 
UloLOsterone values in the control and GnRH agonist
treated monkeys were similar (Fig 1). Thereafter, the 
mean serum LH and testosteroue concentrations re
mained near the minimum levels of detection in both 
~ups between 0.5-2.0 yr of age (dJita not shown). 

The mean serum LH a!ld testosterone concentrations 
in the 1984·born control and GnRHagonist.t~<\ 
m09..,keys between 2 and 4 yr of age are shown in Rle:J' 
anlfa Otop panels). There were no differences in serum 
LH'ar.'d testosterone concentrations between the two 
groUp3 from 2 until 3 yr of age. In the control monkeys 
serum LH concentrations began to rise just before 3 yr 
of age (January 1987), and from Jnnuary until September 
of that year they averaged about 1.0 mg/L. These values 
were significantly above the limit of detection, but were 
stilI below adult values. Beginnin& in October 1987, 
serum LH concentrations increased rapidly, coincidous 
with the breeding season, to a pec..k level of 4.1 ± 0.2 mg/ 
L in November, aml then declined to 0.5 ± 0.05 mg/L by 
April of 1988. This same pattern of serum LH concen
trations was found in the GnRH·treated monkeys during 
the third year c,f life; the values in these monkeys were 
slightly but not significantly lower than those in the 
control monkeys. The serum LH concentrations also 
were slightly lower in the two 1983·born GnRH agonist· 
treated monkeys compared to those in the 3·yr·old age· 
matched control monkeys (Fig. 2, bottom). 

The patterns of serum testosterone values during the 
third year of life in the 1984·born monkeys were similar 
to those of serum LH. Quantitatively, the differences in 
serum testosterone concentrations between the control 
and the GnRH agonist·treated monkeys were much 
greater (Fig. 3, top). In the control monkeys the mean 
serum testosterone levels rose from 4.9 ± 0.6 (±SE) nmol! 
L in September 1987 to greater than 15 nllloi/L in 
Octeber, November, and December 1987 before declining 
to 5.7 ± 0.9 nmol/L in January 88. During this same 
period, the mean serum testosterone levels in the GnRH 
agoniat.treated monkeyn never exr.eeded 5.5 nmol/L (ef
fect of agonist treatment; P< 0.01). The differences in 
serum testosterone concentrations were comparablo be· 
tween the GnRH agonist·tre{,ted and control monkeYIi 
born in 198:J (Fig. 3, bottom). . 

The mean testicular volume was lower (P < 0.05) in 
the 1984·born GnRH agonist· treated monkeys compared 
to that in the control monkeys ~nl\ the third year of 
life (Sc~tembcr through May: ~top). The GnRH 

~rj~1 
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TABU: 1. Body weichtllnd crown-~ (CR) lenrt/u in control (n - 4) and GnRH .'roni,t-treated (a - 6) mal. rhesus monkeys born in 1984 

Treatment week 

0 4 8 12 16 20 

BW(k,) 
Control 0.6.5:1:0.04 0.6.5:1: 0.06 0.86 :I: 0.06 1.02:1: 0.06 1.21 :I: 0.10 1.21 :I: 0.04 
AroDi• t o.s4:1: 0.03 0.72:1: 0.03 11.81:1: 0.04 0.91:1: 0.05 1.13:1: 0.06 1.25:1: 0.05 

CR(cm) 
24:1:1: 0.7 Control 21.1 :I: 0.6 22.6:1: 0.8 25.5:1: 0.6 26.6:1: 0.4 27.6 :1:0.3 

A,oni.t 20.8:1: 0.5 22.7:1: 0.3 23.4 :!: 0.7 24.9:1: ~5 26.4:1: 0.4 26.9:1: 0.3 

Valuea ue the mean :I: SL GnRH &;'Dniat treatment wu be"", bemeen 10 and 13 days or ara Ind terminated between 122-125 days or I, .. 
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FIG. 2. Errect or neonatal GnRH lroniat Idm.lnhtration on mean (:I: 
8E) tenllll LH concentrationa ill rhHua monbys rrom 2-4 yr t: I,e. 
Th. animll!a in th.tap graph were bora in 198-< (control. n - 4: aroniat· 
treated, n - 6): thOle ill the bortom graph wen born in 1983 (control. 
a - 5: aroailt·treated, n - 2). The individual valuu ror the two aroniat. 
treated !DOnkeys bIlrn ia 1983 are .hown in the ,ortam lraph. 

r.gonist-treated monkeya born in 1983 also had smaller 
testes than the control monkeys during their third year 
(Fig. 4. bottom). 

We were able to collect semen ramples by electroe
jaculation from all 4 control monkeys born in 1984 (13 
ejaculates/16 attempts (81%») but frOl"l only 3 of the 6 
GnRH agonist-treated aniInals [6 ejaculates/20 attlJmpts 
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FIG. 3. Err.ct or neonatal GnRH I,oni.t achNniltrlUon on mean (:I: 
IE) terum te.tosteron. concentrations in rheaus monkeys rrom 2-4 yr 
or -il. The animall in the top lraph "er' born in 1984 (control. u • 4; 
aro~at.treated, n - 6): thOle in the i.ortom lraph "ere born in 1983 
(control. n - 5; lroniat-truted. n n 2). The individual values ror the 
two lroniat.treated monkeys born in 1983 Ire .hown in ~. bottom 
lroph. 

(30%)) during the fall and winter oCtbeir third year. The 
sperm COr...1ts in 3 of the control monkeys were in thp. 
low normal to normal adult range (range. 20-1'500 x 101/ 
mL; mf'an ± BE. 532 ± 276 x 101/mL). We were able to 
collect only 2 samples from the fourth control monkey; 
both samples had low sperm counts (2 .. 3 x 10'/mL)_ The 
mean percent motile and percent live sperm/ejaculate 

/' 
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FIG. 4. Ellect of I*>nataJ GnRH aconiJt admi"i.t •• t!~" on mean (:I: 
II) t.ootJcuIar yolumeo in rhltlUl manhya durin, Ih. third year of Iif •. 
.\cimaJ. in the lop ,mph ..are born in 198( (control, n - 4; lconiat. 
t:re&ted, n - 6); thoee in the bottom ,mph wore bom in 1983 (control, 
n - S; acon!at·tnate.·, 11 - 2). The individual value. for the two aconiat. 
treat.od monkeya bom In 1983 are .hown in the bottom ,mph. 

were 66 ± 7% (±BE) and 73 ± 3%, respectively, for the" 
control monkeys. In the 3 GnRH agonist· treated mon
keys who had an ejaculatory response, the sperm counts 
were low (1-67 X 10'/mL; mean ± BE, 42.2 ± 27,6 X 10'/ 
mL), and the percent motile and perce"t live sperm per 
ejaculate values were comparable to those in the control 
monkeys. 

The six monkeys born in 1984 who"received GnRH 
agonut clearly fell into two neparate groups, based both 
on their serum testosterone levels and \Vh~ "her we were 
able to coUett se:n~les from them during their 
third year of life ( ig. 5) to.. comparison of the serum 
testosterone data be n the GnRH agonist· treated 
monkeys from which we were either able or unabk to 
coUect sperm revealed a significant interection (P < 
0.025) of thfl two variables (semen ijample us. no semen 
sample X time). Thzee monkeys had II subnormal but 
significant peripubertal rise in semen testosterone con· 
centra~iona, and it waa from the same monkeys that we 

::E 25 
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en 20 
+1 
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~ 15 

S. 
II> 10 c e ., 
't;; 
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'" t- , , 
Q/87 10187 11187 12187 1188 2188 

Sample Collection Dale 

FIG. 5. Mean (:l:SIl) HNm tII.tOlt.rone conc.ntrltion. in control and 
aconiat.treat.od IDOOkeya durin, the fall montllll o( the third year of 
Iif •. The animal. w.re bom in 1984. Tho .conilt-trelted monkeyeWllr. 
aeparated into two IrDUP' of three monkey •• ach .ccordin, to .. hether 
we wert abl. to collett ".'!len UIDpl .. from them. 

were able to collect semen samples. The other three 
monkcYl had neither a significant rise in serum testos
terone concentrations nor an ejaculatory response during 
this period. The reduced serum testostel()nc levels in 
these three monkeys was probably a result of lower (P < 
0.025) serum LH concentrations (data not :lhown), 

The responses of 1984·bom monkeys to an iv bolus 

Va
0 e of GIlRH at 1, 2, and 3 yr of age arc shown in Fig.} 

6. here were no differences ill the serum LH rcspon~ 
GnRH between the control and GnRH agonist· treated 

animals at any age, and the LH responses to GnRH 
increased with age in both go;; .. pa (Fig. 6, top). The serum 
testosterone values both before and after GnRH treat· 
ments were reduced (P < 0.05) in the GnRH agonist· 
treated monkeYli compared to those in the cont:ol mon
keys at 3 yr of age (Fig. 6, bottom), but the incremental 
responses were similar. The serum testosterone re
sponses to GnRH also were very similar in the GnRH 
agonist· treated and control monkeys at 1 or 2 yr, In both 
groups of monkeys the serum testosterone responses to 
GnRH increased with increasing age. 

Neonatal GnRH agonist administ:ation did not signif
icantly affect body weight in monkeys between 10 days 
and <& yr of age, although the tendency was for body 
weight to be reduced in the GnRH-agonist·treated mon
keys between 2 and 4 yr of a~. 

Discussion 

These results suggest that the early postnatal period 
is a critical period in the maturation ofthe hypothalamic
pituitary·gonadalaxu in male primates. During the first 
3-5 months of life, there is activation of the hypotha
lamic·pituitnry.testicular axis (1-12). We found teat re
versible inactivation oCthe pituitary lind testes by GnRH 
agonist administration during the first:' months of post
natal life in male monkeys retarded p€ripubertal testic-

,jI" ............................................ ~ ...... ~ 
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ular development. 
As we reported previously (20), GnRH agonist admin

istration to neonatal mnle rhlsus monkeys beginning 
soon after birth reduces serum LH and testosterone 
levels to very low levels. whereas serum LH and testos
terone levels in control monkeys rise to adult values 
during the first 3 postnatal months. When GnRH agonist 
administration was terminated at 1?2d25 days of age. 
there was no rebound in either serum LH or testosterone. 
Thus. neonatal activation of the pituitary-testicular axis 
was not simply delayed, but was permanently prevented. 

The decline in senlm LH and testosterone levels dur-

ing G RH agonist administration in neonates was most 
likely due to a reduction of the pituitary response to 
GnRH. While we did not test pituitary responses to 
GnRH In the agonist-treated monkey~ in this study, we 
reported previously (20) that male neonatal monkeys 
treated with a GnRH agonist did not have Brorum LH 
and testosterone responses to GnRH. Presumably • 
GnRH receptors in the neonatal pituitary, like those in 
the adult pituitarl. are down-regulated by chroni- ::;nRH 
agonist administration (25). 

We found no differences in serum LH and testosterone 
levels between the control and GnRH agonist-treated 
monkeys from 6 months of age until early in tee third 
year of life. During this period, serum LH and testoster
one levels were low. characteristic of ~he juvenile phase 
of development (26), and the ~erum LH and testosterone 
responses to GnRH were minimal in both groups. Serum 
LH and te3to~terone levels !Jegan to rise during the third 
year in .the control monkeys. The increase WB.'l small 
initially, but lster accelerated with the apl>roach of the 
breeding &eltSon in t'lis species (27). [n contrast, the 
serum testosterone ritO incrcB5ed considerably less dur
ing the third year in monkeys treated neonatally with 
the GnRH agonist. Although there WB.'l a tendency for 
serum LH !evels tl) be lower in agonist-treated animals 
during the same period, these differences were not sig
nificant. Thtl testir.ular volumcs of these monkeys during 
the third year were smaller than ~hose in the control 
monkeys. These results indicate that treatment with the 
neonatal GnRH agonist administration resulted in mild 
persistent hypogonadotropic hypogonadism. 

Because blood samples were collected from the mon
keys on a monthly basis, it is possible that differences in 
episodic LH and tl!st08teron~ secretion between the con
trol and the GnRH agonist-treated monkeys may have 
gone undetected. Since we were concerned that repeated 
experimental manipulation of the large social group 
(such as would be required for studying pulsatile LH and 
testosterone secretion) might confound or compromise 
our results. experiments of this type were not attempted. 

The responses to GnRH during the third year provide 
further information concerning the retarded gonadal de
velopment in the GnRH agonist-treated monkeys. The 
serum LH responses in the GnRH agonist-treated and 
control monkeys wer6 similar, as were the testosterone 
responses. These results suggest that neonatt.1 GnRH 

TABLE 2. Body weillht in :ontrol and GnRH qonist·treated 1I10nk.yt between 10 dayt and 4 yr or ap 

Ap 

10 dayt 0.5 yr 1.0 yr 2.0yr 3.0yr 3.5 yr 4.0yr 

Control 0.55 ± 0.04 1.5 ± 0.1 2.7 ± 0.1 4.3 ± 0.1 6.3 ± 0.1 6.8 ± 0.3 .. 7.4 ± 0.5 
GnRHqonist 0.54 ± 0.03 1.3 ± 0.1 2.7 ± 0.1 4.0 ± 0.1 5.7 ± 0.3 6.2 ± 0.4 7.1 ± 0.6 

V&I,," ... the mean :i: IL 

l' 
• • • • • • • • • • • • • • • • • • • • • • • • • • • ::...It ,. 
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agonist administration or the decreased LH and testos· 
terone secretion Uuit occurred in response to it altered 
development of the central nervous system centers gov· 
erning episodic GnRH secretion, resulting in a delay in 
the onset of peripubertal episodic G(lRH secretion and, 
consequently, in LH secretion and testiculnr develop· 
ment. Alternatively, LH secretion in response to endog. 
enous GnRH was impaired, even thou~h LH secretion ip 
response to a pharmacological GnRH dose was not. A 
third po8dibility, that the GnRH agonist sowehow altered 
testicular function directly, is not likoly, since that might 
be expected to increase serum LH cO(lcentrations in the 
treated monkeys. • 

It is conceivahle, but unlikely, that GnRH agonists 
have a direct effect. on the central nervous system of 
neonates. In adult male and female monkeys, the inhih· 
itory effects of GnRH agOI'.ists on gonadotropin secretion 
appear to be mediated entirely via down'regulation of 
pitr.itary GnRH recepto~ and postreceptor modification 
of LH secretion (28-30), and thero ~ no £vidence avail· 
ahle to suggest that GnRH agonists alter GnRH secretion 
by the hypothalamus. Moreover, there is little evidence 
tl.nt GnRH analogs have 11 direct effect o~ the primate 
testis. The vast majority of studies, including several 
from our laboratory, indicate that in adult primates 
GnRH analogs do not alter testiculllr function directly 
(28, 31, 32). Thus, we believe it unlikely that th~ GnRH 
agonist had a direct effect on the development of I!ithor 
the central nervous system or teste!. We, thc!':!!oro, 
believe that .ita effect was on the pituitary, and the 
consequence was a poor pUbertal increase in LH sccre· 
tion. 

It appears that the GnRH pulse generetor is functional 
in the primate fetus (26). After birth, GnRH secretion 
and, therefore, LH secretion are episodic and circadian 
in primate males, and serum I.H and testosterone levels 
reach adult levels (8, 10, 20). Moreover, bilateral orchi· 
dectomy of rhesus infants at 1 week of age causes a rise 
in LH and FSH secretion equal to that after castration 
in the adult, and LH secretion is pulqatile with a pulse 
frequency of one pulse per h in Buell animals (10,26,33). 
'l'het\e data suggest that the hypothalamic·pituitar;.tes· 
tir.ular lUis is fully mature at birth in male primates (26). 
However, this conclusion is primarily'" based upon data 
from male monkeys orchidectomized shortly after birth. 
Therefore, it is impossihle to determine whether the,e 
monkeys would have a uormal onset of puberty or nor!I:<il 
peripubertal changes. The data from this study, using a 
GnRH agonist to induce reversible neonatal castration, 
suggest that the enhanced activity of tho testill oi neo· 
natal primates may be a critical event in the develop
mental process that ultimately leads to sexual matura' 
tion in male primates. 

It is also possihle that neonatal testo~terone secretion 

ooay influence not the centra! nervous system centers 
involved if> the regulation of pituitary function, but, 
ins teed, those involved in the development of social and 
sexual behavior. The monkeys in this study were reared 
in a large social group for the first 3 years of life. Rose 
and collaborators (27) found that the peripubertal rise in 
serum testosterone levels in 3·yr·old adolescent male 
monkeys ,,·as inversely proportional to the number of 
adult males in the social group in which they were reared. 
This result m3Y reflect the effect of the adult males on 
the rank of the adolescents in the social group (27). In 
this regard, the suppres~ion of neonatal testosterone 
secretion that occurred in the GnRH agonist. treated 
monkeys may have influenced the interaction oC thr.sl l 

males witil other members of tao gloup, resulting in a 
suppression of testosteronE! secretion during the third 
yenr. 

There appear t.o be parallels between neonatcl GnRH 
agonist-treated male rhesWl monkeys and humlUl infanta 
suffering from cryptorchidism IllJ a result of early tran· 
sient defir.iency of testosterone secretion (19). Thin cryp
torchid condition is caused hy II. priml\ry deficiency of 
LH secretion which persists through childhood and early 
puherty and then disappears at midpuberty (19). It has 
heen hypothesiud that early postnatal deficiency in go
nadotropin secretion and Leydig cell function contrih
utes to impaired testicular descent and maturation (19). 
Adult men treated in chiidbood for cryptorchidism also 
h:lv;:: ii high fU,qUellcy of oligospermia (19). It is note
worthy that thp. three GnRH egonist·treated monkeys 
who had an ejaculatory response during the hreeding 
season of their third year of life also had lower than 
expected sperm counts, although this conclusion is hased 
on only 3ix semen samples. 

In summary, the induction of hypogonadotropic hy
pogonadism in neonatal male rhesus monkeys alt.ers 
normal testicular devt'loprucnt lL,d peripubeltal ondo
crine !Vents. We do not yet know whether this early 
postnatal gonadotropin Ilnd testosterone deficiency has 
11 permanent or only a temporary effect on pituitary
testicular function. Although these results are ht.~~d on 
a limited number oC monkeys and should not he overin
terpreted, the consistency of the results across the two 
birth cohorts suggests that the early neonatal period may 
represent another period, in addition to the early pre· 
natal period, when androgens exert an organizational 
influence (34) on the developing central nervous system 
oC primates (35). 
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