
MOREHOUSE
 
SCHOOL OF MEDICINE
 

Department of Physiology 

Final Report
 

USAID Grant DAN-O053-G-SS-7025-00
 

Direct Gonadal Effects of GnRH-Analogues on the
 
Primate Testis
 

D-wid R. Mann Ph.D.
 
Principal Investigator


Department of Physiolog.

Morehouse School of Medicine
 

This is the final progress report of USAID grant (DAN-5053-G-SS-7925-0) funded
for the period from July 1, 1987 - December 31, 1988. Duriug the funding period, we
published four manuscripts and five abstracts that resulted primarily from work supported
by this grant. 

The work supported by this project also contribuied to the preliminary data which
resulted in the funding of a major grant on osteoporosis by Genentech, Inc. I have provided
copies of published manuscripts and abstracts which detail our results on the project. 

I would like to thank the USAID for their confidence and support of our research 
program over the last several years. 

Sincerely, 

David R. Mann, Ph.D. 

Department of Physiology 

DRM:ds 

Enclosures 

KNOWLEDGE a WISDOM * EXCELLENCE * SERVICE
 
720 Westvlow Drive, S.W. Atlanta, Georgia 3U310-1495 Telephone (404) 752-1680
 



Abstract Reproduction Form 
EASTERN STUDENT RESEARCH FORUM 

EFFECT OF ANDROGENS ON SERUM LIPOPROTEINS IN MALE RATS.CIRCLE PREFERRED FIELD Rosa L. King, Milton F. Bryant and David R. Mann; Morehouse School 
of Medicine, Atlanta, GA. 

Biochemistry Androgens used to treat osteoporosis and hypogonadism, and to 
Cardiovascular stimulate muscular development in athletes may increase the risk 
Diol of cardiovascular disease. The degree of the risk may be relatednTdoinolo)
G(.troenterology 	 to the type of androgen administered (free versus esterified) andthe route of administration, although to date such a study has not
Hematology been undertaken. In the present study, we compared the effect of
Immunology testosterone (T) and testosterone enanthate (TE) on serum total
Microbiology and cholesterol (C), HDL-C, LDL/VLDL-C and triglycerides (TG) in the

Infectious Disease castrate rat model. Adult male rats were either sham-castrated or
Nephrology 	 castrated. Castrates received biweekly sc injections of either
Neurology and oil, 10 or 50 mg/kg BW of TE or no treatment (empty silastic 

Neuroscience capsule), 1 T capsule (2 cm) or 4Obstetrics-Gynecology treatment, rats that received T capsules. After 5 wk ofthe lower dose of T or TE had serum 
Ophthalmology
Otolaryngology T levels in the high normal range, those animals treated with the
Pharmacology and higher dose of T or TE had serum T values that were 5-10 fold

Toxicology higher than intact control levels. Castration increased serum C
Physiology 	 and HDL-C, but had no effect on serum LDL/VLDL-C or TG. Both T
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Surgery suggest that the type of androgen administered and/or route of
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The mechanism by which GnRH agonists suppress gonadal function in primates has not been fullydefined. GnRH agonist administration to humans decreases the ratio of bioassayable to immunoassayable
(B/I) LH, perhaps by secretion of less biologically potent species of LH. In this study, we confirm adecrease in the B/I LH ratio in another species (rhesus monkey). 
 Female monkeys (N-5) were treated for
3 	mo by continuous infusion (osmotic minipump) with 25 ug/day of 
a GnRH agonist (Wyeth Laboratories,

WY-40972). 
 Blood samples were taken over a control cycles and at weekly intervals during the first 8
wk of the treatment and posttreatment periods for measurement 
of B-LH, I-LH and the ccmmcn alpha

subunit. 
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for the alpha subunit. 
 The B/I LH ratio, which varied between 0.76 ± 0.26 and 1.92 ± 0.52 during the 
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± 	0.02 at 8 wk of treatment, reflecting a quantitatively

greater decrease in B-LH compared to I-LH. 
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Med., Emory Univ. Sch. of Med./V.A. Med. Ctr. and Yerkes
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Five adult rhesus monkeys are being treated 

continuously with 25 ug/day of a gonadotropin releasing

hormone agonist (Ag) using minipumps. Five other monkeys
 
are receiving the Ag pluj testosterone (T) therapy.
 
Serum LH and T rose initially with the onset of Agtreatment, but then fell precipitously to basal values.
 
In monkeys being treated with only Ag, serum LH continued
 
to fall to minimum levels of detectior (0.20 ug/ml) and
 

serum T decreased to castr,.te levels (0.5 ng/ml). In
monkeys that are receiving T replacement, serum T values
 

stabilized at physiological levels (4-5 ng/ml). Sperm

counts declined from pretreatment values of 1.9 x 109 to
 

azoospermia by 12 wk Ag treatment. T therapy did not 
interfere with the induction of azoospermia. These data 
suggest that in contrast to a Drevious report (Akhtar et 
al., nt. J. Androl., 6:461, 1983), T therapy does nct 
interfere with Ag-induced azoospermia in monkeys. Thus, 
it may be possible to utilize Ag's as a male
contraception even if it is necessary to provide androgen

th r p to m i a n l b d . (S p r ed y AI G a t
therapy to maintain libido. (Supported by AID Grant
 
#DAN-5053-G-SS-5081-O0).
 

. 
2_Indicale your preferences for the First Preference [. 

. theme and symposium (for example, 
. .......................... 9.3) for your poster. See lists in Second Preference 23 . 

(he Scienlific Program (contained in T" Prefere-c 
David R. Mann, Ph.D. lie serond circular) before selecling Third Preference 
.............................. ............................ y ir ,.
 

http:castr,.te


) NOT ,OLI) OR BENt) THIS FORM. ABSTRACTS VILL BE P[IBLISHEI) AS TYPFI). 

IMIORTANT MAIL TO: 
Read all instructions before you t)pe abstract. Also see sampleThe Endocrine SocietyThEnoreahstracts and typing instructions on reserse side. 

1987 A BSTRACT FORM 


PRESENTATION PREFERENCE 

Doyoustr nglyprcfcraposter? 

WY",s MNo 


Preferences will not be binding on the 

Program Committee. 


Indicatc approrriatc catcgories for %ourabstract 
ISceIiipicCatcegorvList): 

WtChoie: . 3 6 Ti, .T.esti s........... 
",J Ch,,iee:, p32 T1,lGonadal Ster...;yrChoic: 32 onaal7) 
1lnic:r t 

bsic .Z. 


Ifasked, %ould yu prepare as ersion of %our 
ablract: 


E-J,
FNo 

I. The original tYped cop. (f this abstract Iorm (for 
reproJuction b)photo-offset in Program Abstractsl k)
mut' be suhmitted ltocether th pholocopies., 

2. Your entire abstract. including a concise. descriptise 
title, authoris). sponsor ifany. location wherework ua, 
done. text and acknowledgnents. must be within the 
rectangle outlined at theright. See revcrse side for sample 
abstr:ects ant full instructitons. 

3. Each Abstract Form submitted MUST BE SIGNED 
lbwhya nemberofTHEENDOCRINESOCIETY. 

Namc and Telephone no. of presenting author 

David R. Mann, Ph.D. 

404-752-1682 


ALL ABSTRACTS MUST BE POSTMARKED 

Outside USA-January 5. 1987 
USA only-January 12. 1987 
ONLY ACCEPTED ABSTRACTS 

WILL BE PLTBLISItD. 

FAILURE 	 OF IN VIVO AND IN VITRO GONADOTROPIN RELEASINGHORMONE AGONIST TREATMENT TO DIRECTLY ALTER STEROIDOGENESIS
 

BY THE PRIMATE TESTIS. D.R. Mann, K.G. Gould*, S.R. 
Adams*,and D.C. Collins, Morehouse School of Medicine, Yerkes 
Primate Research Center, Centers for Disease Control and 
Emory Univ./VA Medical Center, Atlanta, GA 30310-1I495. 

Three experiments were performed to determine whether GnRH 
agonists directly affect testicular steroidogenesis in 
primates. In Experiment 1, adult male monkeys were treated 
for 10 mo with a GnRH agonist (Ag; 25 jg/day; Wy-40972; Wyeth 
Labs) alone or in combination with testosterone (T) 
administration to maintain serum T levels between 4-5 ng/ml. 
The response to HCG (50 IU; im) was determined before and at 
the end of treatment. In Experiment 2, 100 ng of Ag or 
saline was infused over 1 min into the testicular artery (N and blood samples collected from the 
testicular and
 
femoral veins over the next 2 h for LH and T assay. In 
Experiment 3, testicular interstitial cells from a 

-9

peripubertal monkey were incubated 24 h with 10 to 10-5 V 
Ag. The effect of Ag on basal and HCG-stimulated T 
production from these interstitial cells was determined. Ir 
Experiment 1, basal and peak values of serum T after HCC 
stimulation were reduced by 10 mo of Ag administratior 
(pretreatment basal and HCG-stimulated T = 5.2 ± 0.8 and 27.C 
± 1.8 ng/ml vs treatment basal and HCG-stimulated T = <0.7and 5 9 	 ± 2 8 ng/ml), but the relative response (ratio of the 

d 5 " 
peak serum T after HCG ro the basal value) of the testis tc 
HCG was not altered by Ag treatment alone. In contrast,
combined 	 Ag and T treatment reduced the relative response of
the testis to HCG to 28% of the pretreatment level. Ir 

Experiment 2, acute infusion of 100 ng of Ag into th
 

testicular artery of adult ma.e monkeys did not alter 
systemic serum LH or T or serum T in the testicular vein over 
the next 2 h. In Experiment 3, Ag treatment for 24 h failec 
to alter basal or HCG-stimulated T production from isolatec 
testicular interstitial cells. 
 These data clearl3
 
demonstrate that Ag treatment does not directly alter 
steroidogenesis by the primate testis. However, chronic 
adminstration of T greatly attenuated the relative response 
to HCG in Ag-treated adult male monkeys. The mechanism of
 
this reduced response to HCG remains to be determined.
 
(Supported by USAID Grant #DAN-5053-G-SS-5081-O0.)
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Effect of continuous infusion of a low dose of GnRH 
antagonist on serum LH and testosterone concentrations, 
spermatogenesis and semen quality in the rhesus monkey 

(Macaca mulatta) 

D. R. Mann, D. C. Collinst, M. M. Smith* and K. G. Gould$ 
DeparimentsofPhysiology and *Pathology,Morehouse Schoolof Medicine, Atlanta, GA 30310;
 
t Medical Research Service, VA Medical Center and Departments ofMedicine and Biochemistry,


Emory University School of Medicine, Atla',ta, GA 30033; and t Yerkes Regional Primate Research
 
Center, Atlanta, GA 30322, U.S.A.
 

Summary. Treatment of4 adult male rhesus monkeys for 8-12 months with 100-400 tg 
of a GnRH antagonist/day by means of using osmotic minipumps led to suppressed 
serum concentrations of LH and testosterone followed by various degrees of recovery 
toward pretreatment values. The serum LH response to a challenge of native GnRH 
was reduced by 30-75% during antagonist treatment. The serum testosterone response 
to GnRH was exaggerated above the response in the pretreatment period, suggesting 
hypersensitivity of the testis to gonadotrophin. Antagonist administration under 
these conditions did not alter body weight or abolish ejaculatory response. Antagonist 
infusion caused a 96% decrease in sperm counts. Spermatozoa recovered during the 
final month of antagonist treatment showed a reduced ability to penetrate denuded 
hamster ova. Testicular biopsies performed at the end of antagonist treatment revealed 
persistent spermatogenesis. However, the cellularity of the seminiferous tuLules was 
decreased below that of pretreatment biopsies. The results of this study suggest that the 
amount of testosterone needed to maintain normal spermatogenesis is greater than that 
needed to maintain electroejaculatory response in monkeys. 

Introduction 

The development of gonadotrophin-releasing hormone (GnRH) antagonists has led to a number of 
attempts to use these analogues to induce azoospermia. However, administration of large doses has 
led to undesirable side effects. Daily injection or continuous ir'fusion of milligram doses of GnRH 
antagonists for 9 weeks induced azoospermia in male monkeys, but was associated with a signifi
cant loss of body weight (Weinbauer et al., 1984; Akhtar et al., 1985). Subcutaneous administration 
of large doses of the antagonist, Ac-(2)D-NALI-pF-D-Phe 2 -D.Trp3-D-Arg6-GnRH, caused facial 
oedema and oedema of the extremities in rats and reduced spontaneous activity in monkeys 
(Schmidt et al., 1984). These results suggested that it might be impossible to attain reliable azoos
permia without significant side effects, thus reducing the possibility of using GnRH antagonists for 
contraception. 

However, the provision of low levels of GnRH agonist by continuous infusion is an effective 
way of suppressing LH and testosterone secretion and .the response to a GnRH challenge (Akhtar 
et al., 1983; Mann et al., 1984). In this study, we examine the effect of continuous infusion of a 
GnRH antagonis' via osmotic minipump on basal LH and testosterone secretion and the response 
to an i.v. bolus of GnRH in male rhesus monkeys. In addition, we investigated the effect of low
dose continuous infusion of GnRH antagonist treatment on sperm count and quality. 
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Materials and Methods 
Four adult male rhesus monkeys were infused continuously with aGnRH antagonist (Ac-(2)D.NALI.pF.D-phhe.D"Trp'-t-Arg6-GnRH) for 36 or 50 weeks using a s.c. implanted (intrascapular area) osmotic minipump (AlzaCorporation, Palo Alto, CA; model 2ml-4). Two monkeys (A and B)were treated with 100 pg/day for 10 weeks, then200 pg/day for 20 weeks and finally 400 pg/day for an additional 20 weeks. The other 2 animals (C and D) weretreated, with the same antagonist, with 200 pg/day for 16 weeks and then 400 pg/day for 20 weeks. New Dumps wereimplanted every 4 weeks. Animals were maintained in a temperature- (23'C) and light- (12 h light:12 h dark) controlled room throughout the study. Blood samples (4ml) were taken by venepuncture from the sapheious vein ofrestrained conscious animals during the pretreatment period (3-5 samples), at 3and 7days of treatment and thereaferat weekly intervals. Serum samples were stored frozen at -20'C 
 until assayed for LH and testosterone.
At monthly intervals throughout the study, all animals were injected with an i.v. bolus of 25 pg synthetic GnRH(United StAtes Biochemical Corporation, Cleveland, OH) to test the serum LH and testosteronesamples we:e collected 15 min before administration, just before administration and at 

response. Blood 
GnRH injection. Serum samples were stored at -20°C 

15, 30, '60and 120 min after
until LH and testosterone were measured.Serum concentrations of LH were determined using the mouse interstitial cell bioassay (Van Dammc. etal., 1974)with the NIADDK rhesus monkey pituitary gonadotrophin standard (LER 1909-2) as the reterence preparation. Theintra- and interassay coefficients of variation were 14.1 and 14.7% respectively. The minimal detectable dose for LHwas 0.2 pg/ml. Serum corcentrations of testostcrone were determined by radioimmunoassay as previously described(Perachin etal., 1977). The intra- and interassay coefficients of variation for testosterone were 5.1and 6.8%. Theminimal level of detection for the testosterone assay was 05 ng/ml.Testicular measurements were made at monthly intervals with Lange calipers with acompression pressure of 15 gas previously described (Mann el al., 1985). The formula used for testicular volume was 4/3 a'b (along axis). Testicular needle biopsies were performed = short axis; b = 

antagonist treatment and at 
on all animals during the pretreatment period, at the end of16 weeks of recovery. Tissue was processed for routine histological examinationpreviously described (Mann el al., 1985). Biopsy samples were embedded in paraffin wax, cut at 4pm and stained withhaematoxylin and cosin 

as 
or with Masson's trichrome for connective tissue. The meanseminiferous tubules collected from biopsies was 34.6 + 

± s.e.m. of the number of
4-7 (range 10-47).Animals were subjected to rectal probe ejaculation at approximately 4-week intervals as reported previously(Gould elal., 1978) to determine sperm counts, percentage live spermatozoa and percentage motile spermatozoa.Sperm samples from all treated monkeys, and from 4 untreated, age-matched animals housed with the treatedmonkeys, were tested for their ability to penetrate denuded hamster oocytes during the last month of antagonisttreatment and again 16 and 22 weeks after the end of antagonist treatment. The hamster ova penetration test wasperformed essentially as described by Yanagimachi et al. (1976). Hamster oocytes were recovered from superovulatedhamsters (25 i.u. PMSG i.p. followed by 50 i.u. hCG i.p. 3days later). The cumulus cells were removed by incubatingin 1%hyaluronidase for 15 min and the zonae were dissolved by transferring the oocytes to a0.1% trypsin solution inDulbecco's medium for 10 min.After dissolution of the zonae pellucidae, the denuded oocytes were transferred toHam's FIO medium containing 10% human cord serum. After washing, 10 oocytes were cultured in 0.5ml culturemedium in each well of an 8-well culture dish (Lab Tek, Inc., Naperville, IL).Semen samples were washed twice in culture medium, concentrated by centrifugation and further washed byallowing motile spermatozoa to 'swim up' into Ham's culture medium which had been overlaid on the sperm pellet.The 'swim-up' procedure took 30 -60min. Washed spermatozoa were added to the denuded oocytes at a ratio of25 000 motile spermato7oa/oocyte, and 10-30 oocytes were used per assay. Incubations were performed at 370C.At18 h the oocytes were compressed under acover slip and stained with aceto-orcein or lacmoid. The assay was scoredaccording to the percentage of oocytes penetrated per well. After penetration, the sperm head undergoes swelling anddccondcnsation, and can be identified by using phase-contrast microscopy.The statistical significance of all results, except those from the hamster ova penetration assay, was assessed byanalysis of variance and the least significant difference for multiple comparisons as needed (Keppel, 1973). The resultsfrom the hamster ova penetration assay were tested for statistical significance by X2 test. 

Results 
The effects of GnRH antagonist infusion on serum LH and testosterone for Monkeys A and B areshown in Fig. 1.Administration of 100 pg antagonist/day induced an immediate fall in serum LHvalues in Monkey A, and these remained suppressed throughout the period of treatment. In thisanimal, serum testosterone concentrations decreased initially, but then recovered to pretreatmentvalues before declining again when the dose of antagonist was increased to 200 pg/day, and remaining below pretreatment values until treatment was terminated. Monkey B was not as responsive tothe antagonist; there was no consistent suppression ofserum LH or testosterone concentrations evenafter the dose was increased to 400 pg/day. Instead, there were alternate periods of suppression and 
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GnRH antagonist and semen quality in rhesus 
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Fig. 1. Influence of continuous GnRH antagonist infusion on serum LH and testosterone con
centrations in Monkeys A, B,C and D. The doses of antagonist administered (Pg/day) and the 
length of administration are shown at the top of the figure. The total treatment period was 50 
weeks for monkeys A and B and 36 weeks for Monkeys C and D. 

recovery. The lack of suppression of LH and testosterone by 100 pg antagonist/day in the Monkeys 
A and B led to deletion of this treatment in Monkeys C and D and treatment began with 200 Pg/day 
(Fig. 1). Serum LH and testosterone concentrations fell initially, showed some recovery and then 
declined again to subnormal values. 
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Fig. 2. Typical serum LH (a) and testosterone (b)response to 25 ig GnRH in Monkey A before(0 months), at monthly intervals during 12 months of antagonist administration and at I and 2months of the post-treatment period. B!ood samples were +60taken at -15, 0, + 15, +30,and + 120 min of GnRH infusion. The doses of antagonist administered (jig/day) and thelength of administration are shown at the top of the figure. The total treatment period was 50
weeks. 

Figure 2 shows a typical serum LH and testosterone response to a challenge with 25 Pg GnRHin Monkey A. The peak serum LH response to GnRH was decreased initially by antagonist treatment, recovered to values that exceeded the response in the pretreatment period, then fell again tovalues that were about 40% of the pret'eatment response when the dose of antagonist wasincreased. The serum testosterone response to GnRH was elevated above the pretreatmentresponse throughout antagonist administration, suggesting hypersensitivity of the testis to LH.The other 3animals showed a similar response to GnRH administration.
Mean (+s.e.m.) sperm count decreased (P < 0.05) over the course of GnRH antagonistinfusion (Fig. 3a), from 7.1 + 2.4 x 108/ml during the pretreatment period to 0.29 x 108/mlduring the last month of antagonist infusion. The percenta1ges of motile and live spermatozoa inejaculates (Fig. 3b) also decreased during the treatment period, but not statistically significantly so.During the final month of antagonist treatment, spermatozoa from treated monkeys showed areduced ability (P < 0.005) to penetrate denuded hamster ova (Fig. 4). Spermatozoa from controlanimals (age matched; housed under similar conditions to the treated monkeys) showed a means.e.m. penetration rate of27.7 + 4.2% compared with 5.5 + 2.0% for spermatozoa from antagonisttreated monkeys. When the test was repeated 16 weeks after the end of antagonist treatment,spermatozoa from 3 of 4 treated monkeys showed a normal penetration rate. The sample from the 
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Fig. 3. Effect of continuous GnRH antagonist administration on mean -Is.e.m. sperm 
count (a) and % motile and % live spermatozoa (b) in the ejaculates of the 4 monkeys. 
Pret. = pretreatment; R = recovery period. 
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Fig. 4. Effect of GnRH antagonist administration on the mean + s.e.m. percentage penetration 
of hamster ova by spermatozoa from untreated control monkeys and from individual animals 
treated by a GnRH antagonist. The test was run on all monkeys during the last month of 
treatment, and at 16 and 22 weeks after treatment. 
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Fig. 5. Effect ofGnRH antagonist treatment on testicular histology in Monkey A: (a) befor;
treatment and (b)at the end of treatment. x 200. 

4th animal, Monkey A, did not penetrate hamster ova, but when the test was repeated 7 weeks (22weeks after treatment) later, the penetration rate had increased to 10%. By 26 weeks after the end
of treatment, the enetration rate of spermatozoa from Monkey A was 375%. This monkey also
showed a slower return to normal basal concentrations of serum LH and testosterone after the end 
of antagonist treatment (see Fig. 1).

In the antagonist-treated monkeys, active spermatogenesis persisted, as indicated by the 
presence of germ cells representative of all stages of spermatogenesis, including spermatids (Fig. 5),but though present, spermatids were less numerous than in pretrealment biopsies. There was no
thickening of the lamina propria, or other evidence of intertubular fibrosis. No areas ofcalcification 
were noted. 

The testicular volumes of the 4 animals treated with the GnRH antagonist are shown in Fig. 6.TesticuIar volumes declined more than 45% in the 4 monkeys during antagonist treatment. InMonkey B,in which it was not possible to maintain suppressed concentrations of serum LH and 
testosterone (see Fig. 1), testicular volume increased between 5 and 8 months of antagonist
treatment before declining again.

The mean + s.e.m. of pretreatment body weights (8.9 + 05 kg) did not differ from bodyweights (94 + 06 kg) at the end of treatment. None of the 4 monkeys lost weight over the course ofantagonist administration. We did not observe any effect of antagonist treatment on spontaneous
activity nor was there any noticeable peripheral or facial oedema in the monkeys. 
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Fig. 6. Effect of GnRH antagonist treatment on testicular volume in the 4 monkeys (Monkeys 
A and Bwere treated with antagonist for 12 months, and Monkeys Cand D for 8 months). The 
final 3 measurements were made on each animal at i, 2, and 3 months after treatment. 

Discussion 

The inhibitory effect ofGnRH antagonists on gonadal function apparently relates to their ability to 
bind with high affinity to pituitary GnRH receptors, preventing binding by native GnRH (Clayton 
et al., 1982). There is no evidence that antagonists alter the turnover rate of the GnRH receptor 
(Bex & Corbin, 1984). In the present study, serum LH and testosterone concentrations showed an 
immediate fall with the onset of antagonist treatment, but then recovered toward pretreatment 
values after 8-10 weeks of antagonist administration (100 pg/day). This recovery may result from 
compensation by the hypothalamus and/or pituitary to the reduced levels of LH, and increased 
sensitivity of the pituitary to GnRH. Our data support this mechanism. During the periods that LH 
and testosterone showed recovery during antagonist treatment, the serum LH response to GnRH 
was supernormal. Furthermore, the serum testosterone response to GnRH was elevated above the 
pretreatment response throughout antagonist administration, suggesting increased sensitivity of 
the gonads to LH in the presence of reduced serum concentrations of gonadotrophin. 

Two other explanations are possible for the recovery from antagonist treatment. It is possible 
that antibodies against GnRH were generated, leading to a reduced suppression. This is unlikely 
from this small decapeptide, although it cannot be excluded because of its highly modified nature 
relative to native GnRH. A second possibility isthat the GnRH antagonist loses its potency during 
the 4 weeks it ispresent in the minipump. This explanation can be excluded by the fact that serum 
LH and testosterone concentrations were not suppressed again when pumps were replaced, but 
only by increased levels of the GnRH antagonist. 

While there was suppression of LH and testosterone in some animals with continuous low doses 
of the antagonist, the suppression was not complete and serum LH and testosterone values tended 
to increase after a period of treatment. These results clearly suggest that the mechanism for inhi
bition by GnRH antagonists is very different from the continuous administration ofsmall amounts 
of a GnRH agonist. Agonist treatment leads to initial stimulation of LH followed by down regu
lation of the GnRH receptor and marked suppression of LH concentrations (Heber & Swerdloff, 
1981). On the other hand, the antagonists suppress..LH by a receptor occupancy mechanism 
(Clayton et al., 1982). 

At the doses of antagonist used in this study, we did not encounter the side effects reported by 
previous workers (Schmidt et al., 1984; Weinbauer et al., 1984; Akhtar et al., 1985)). Two different 
GnRH antagonists (N-Ac-D-p-CI-Phe', 2-D-Trp3-D-Arg6 -D-Ala'°-GnRH and N-,A.c-o-Nal(2)-D
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p'CI-Phe'"D'Trp3"D'Arg(Et2)6"D-Ala'GnRH) 
caused a significant loss of weight when administered in daily doses sufficient to induce azoospermia (Weinbauer et al., 1984; Akhtar et al., 1985).The antagonist used in this study was the same analogue which caused oedema in thts and reducedspontaneous activity in monkeys (Schmidt et al., 1984). We did not observe any apparent sideeffects in our animals, possibly because the doses used were only 5-10% of those previously usedand were given at constant rates. 

Testicular biopsies performed at the end of antagonist treatment (8-12 months) in the 4monkeys revealed active spermatogenesis,
seminiferous tubules. There was 

but decreased numbers of spermatogenic cells in theno evidence of tubular calcification or fibrosis. A final needlebiopsy performed at 16 weeks of recovery showed that the testicular morphology was fullyrecovered from antagonist treatment. The effects of the antagonist on testicular histology inmonkeys differ markedly from those obtained using a potent GnRH agonist (Mann et al., 1985).The agonist caused a total blockade of spermatogenesis within 20 weeks of treatment with diffuseatrophy of the seminiferous tubules. Tubules contained only a small number of spermatogonia andno evident spermatids. Part of the difference in the effects of the two analogues on spermatogenesismay relate to the degree of suppression of testosterone concentrations. In the antagonist-treatedanimals, serum testosterone values were suppressed below pretreatment levels but were above thevalues in agonist-treated monkeys.
The serum testosterone concentration needed to maintain normal spermatogenesis may begreater than that necessary to maintain ejaculatory response. Antagonist administration greatlyreduced sperm counts in the present study, but an apparently normal electroejaculatory responsewas maintained. This suggests that a dose of GnRH antagonist may be found that would induceazoospermia or functional azoospermia (oligospermia with reduced potential fertilizing capacity ofremaining spermatozoa) without the undesirable side effects reported by previous investigators(Schmidt et al., 1984; Weinbauer el al., 1984; Akhtar et al., 1985) or loss of ejaculatory response.Our results show that continuous infusion of 100-400 pg/day of a GnRH antagonist causedoligospermia, although azoospermia was not achieved. These results contrast with those of previous studies in which doses 5-10-fold higher did induce azoospermia (Weinbauer et al., 1984;Akhtar et al., 1985). Additional studies with a higher dose of GnRH antagonist administered bycontinuous infusion will be necessary to determine whether a dose of GnRH antagonist can beidentified which gives azoospermia without undesirable side effects or loss of ejaculatory response.Our study suggests that it may be possible to achieve reliable contraceptionazoospermia. Spermatozoa from without attainingGnRH antagonist-treated animals penetrated only 6% ofdenuded hamster ova versus 27% by spermatozoa from untreated animals, suggesting that GnRH
antagonist-treated male monkeys have a reduced fertilizing potential.
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Summary. In Exp. x, the effect of treatment with a GnRH agonist on basal 
concentrations of serum testosterone and peak values of serum testosterone after 
administration of hCG was determined. One group of adult male monkeys was treated 
with a low dose (5-10 pg/day) and a second group with a high dose (25 Pg/day) of a 
GnRH agonist for 44 weeks. Basal and peak testosterone concentrations were both 
significantly reduced by GnRII agonist treatment in all groups compared to untreated 
control animals, but tht; % rise ;n serum testosterone above basal values in response to 
hCG administration was unchanged by agonist treatment. 

In Exp. 2, the GnRH agonist (100 or 400 ng) or a GnRH antagonist (4 Vg) was 
infused into the testicular arteries of adult monkeys. The agonist did not alter testo
sterone concentrations in the testicular vein or testosterone and LH values in the 
femoral vein. 

In Exp. 3, testicular ;nterstitial cells from monkeys were incubated with three 
conceutrations (10 - 9 , 10- and 10- M)of the GnRH agonist or a GnRH antagonist 
with and without hCG. After 24 h, neither basal nor hCG-stimulated testosterone 
production was affected by the presence of the GnRH agonist or antagonist. 

The results from all 3 experiments clearly suggest that GnRH agonist treatment 
does not directly alter steroid production by the monkey testis. 

Keywordr: GnRH; testes; LH; testosterone; rhesus monkey 

Introduction 

Chronic administration ofgonadotrophin-releasing hormone (GnRH) agonists causes azoospermia 
in monkeys and men (Akhtar et al., 1983a, b; Swerdloff el al., 1985; Mann et al., 1985, 1987). 
Simultaneous testosterone therapy to maintain libido and potency in men (Swerdloff et al., 1985; 
Bouchard et al., 1986) and ejaculatory response in monkeys (Mann et al., 1987) does not interfere 
with agonist-induced azoospermia. Administration of GnRH antagonists also suppresses sperma
togenesis in primates although the doses of antagonist required for this effect are much greater than 
for agonists (Weinbauer et al., 1984; Akhtar et al., 1985). These developments suggest that GnRH 
analogues may be ,lseful for male contraception. 

The mechanism of the antifertility effects of GnRH analogues in primates remains undefined. 
GnRH agonists reduce the luteijiziAg hormone (LH) and testosterone response to GnRH (Akhtar 
el al., 1983b; Mann et al., 1985, 19,57), presumably by down-regulating pituitary GnRH receptors, 
as reported for rats (Heber et al., 1982). GnRH antagonists bind with high affinity to GnRH 

I,
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receptors in the pituitary, preventing binding by GnRH (Clayton et al., 1982). In the rat, theseanalogues also directly inhibit gonadal steroidogenesis (Hsueh & Erickson, 1979; Clayton et al.,1980; Hsueh el a!., 1981; Shar-pe & Cooper, 1982a, b, 1987; Sharpe, 1982; Spona el al., 1985).However, most evidence does not support a gonadal site of action of these analogues in primates.GnRH agonist treatment does not abolish the testicular response to LH or hCG in primates (Mannet al., 1984; Schaison et al., 1984; Heber et al., 1984; Evans etal., 1984), and GnRH receptors werenot demonstrated on the primate gonad (Asch et al., 1981; Clayton & Huhtaniemi, 1982).Evidence for a direct effect ofGnRH or GnRH-like peptides on the primate gonad is supportedby findings that the seminiferous tubules of the stump-tailed macaque contain low-affinity
GnRH-binding sites and GnRH-like biological acivity, and human seminal plasma has GnRH-likeimmunoactivity (Sharpe et al., 1981; Swerdloff et al., 1984). In addition, the presence of a GnRHagonist inhibited progesterone secretion from cultured human granulosa cells (Tureck et al., 1982).Progesterone secretion was normal with simultaneous incubation with a GnRH antagonist (Turecket al., 1982). These results clearly indicate that the question about a direct effect of GnRH agonists 
on the primate gonad has not been resolhzd.

In this study, we tested the hypothesis that there is a direct effect of GnRH analogues on thetestis of the rhesus monkey. We examined the effect of: (1) chronic GnRH agonist administration(44 weeks) on the testicular response to a low dose of hCG, (2) acute infusion of a GnRH agonist orantagonist into the testicular artery on testosterone release into the testicular vein in adult monkeysand (3) in-vitro incubation of monkey testicular interstitial cells with a GnRH agonist or antagonist 
on basal and hCG-stirulated testosterone production. 

Materials and Methods 
The 23 adult male rhesus monkeys (Macaca mu!atta) used in this study were housed under a 12-h light:12-h darklighting schedule (lights on: 06:00 h)at 20--23°C. 

Experinwnt 1. effect of chronicGnRtt agonist administrationon the response to hCG. Ten monkeys were allocatedrandomly to two groups Group I animals were treated continuously with a GnRH agonist (D-Trp 6-N-alpha-Me-Leu'-desGly' 0-Pro'-NHEt-GnRH; Wyeth Laboratories, Philadelphia, PA), 5pg/day for 24 weeks followed by adoseof 10 pg/day of the same agonist for 20 weeks, using an osmotic minipump as previously described (Mann et al., 1985,1987). The dose of agonist was doubled from 5 to 10 pg/day after 24 weeks because the 5pg/day dose was not effectivein reducing sperm counts (Mann et al., 1987). Group 2 monkeys received 25 pg agonist/day for 44 weeks. Pumps werereplaced at 4-week intervals. All animals were injected i.v. with 50 i.u. hCG durirg the control (pretreatment) periodand at the end of 44 weeks of agonist administration. Blood samples were taken 15 min before and at 0,30, 60 and
120 min after hCG administration foi determination of testosterone by radioimnrunoassay.
 
Experinent 2: influence of acute infusion of a GnRIt agonist or antagonist into the testicular artery on serum.testosteroneconcentrationsintesticular vein. Eighteen adult male monkeys w,,rc used with each animal serving as itsown control. Animals were anaesthetized with 30mg ketamine HCI/kg and prepared for abdominal surgery under
sterile conditions. A midline incision was made inthe abdominal region and the inguinal canal identified on one side
of the animal. The GnRH agonist (100 
 or 400 ng), a GnRH antagonist (4pg; Ac-D-pCIPhe-D-Trp-Ser-Tyr-D-Arg-Leu'Arg-Pro-D-Ala-NH2"CHCOOH; Organon, Oss, The Netherlands) or saline (0.154 M-NaCI) was infused intothe testicular artery (proximal to its involvement with the pampiniform plexus) over a I-min period, and bloodsamples were taken from the testicular (0.5 ml) and ff.moral veins (4ml) before and at 15, 30, 60 and 120 min afteradministration of the agonist for testosterone and LH determination. 4nalgesics were administered during theimmediate post-surgical period. After a 2-3-month recovery period, animals were subjected to the identical procedure

on the other testis. 
Experiment S: effect of GnRH 7gonist or antagonist treatment on testosteroneproductionfrom monkey testicularinterstitialcclls.Testicular interstitial cells were prepared from 2 sexually mature male monkeys (3.5 and 12 years old).The testes were decapsulated and the remaining tissue was minced into small pieces. The tissue was then incubated inMe'tium 199 (pH 7.4; GIBCO, Grand Island, NY, USA) containing 1'0mg collagenase/ml and 100 i.u. penicillinstreptomycin/ml in a shaking water bath at 34'C for 45 min under an atmosphere of 5% C02:95% 02. The cellsuspension was then filtered through nylon (Nitex, mesh no. HD3-100, Tetko Inc., Elmsforce, NY, USA) and washed3 times with Medium 199 without collagenase followed each time with centrifugation (400g for 5min at 4°C). Cellswere counted with a haemocytometer and viability was assessed with trypan blue. Cells were rediluted to 10' cells perml in Medium 199 containing 0'1 mM-isobutyl-l-methylxanthine. 



91 Direct gonadaleffects of a GnRH agonist 

In Exp. 3A, cells (106) were incubated with 0, 10-, I0-' or 10- m agonist in the absence or presence of hCG (50,
250 or 1000 pi.u.) for 24 h at 34C under an atmosphere of 5% CO2:95% 02 in a shaking water bath. In Exp. 3B, the 
agonist was replaced with 10-', 10' and 10-5 m antagonist in the presence or absence of hCG. Viability of cells was 
reassessed at the end of the incubation period. Cells were removed by centrifugation and testosterone concentration 
was determined in the incubation medium. 

Assays. Serum concentrations of LH were measured using the mouse interstitial cell bioassay (Van Damme et al., 
1974). A rhesus monkey pituitary gonadotrophin standard (LER 1909-2) provided by the National Institutes of 
Diabetes and Diseases of the Kidney was used as the reference preparation. The intra- and interassay coefficicnts of 
variation were 11.2% and 14.7% respectively. The usable range of the LH bioassay standard curve was from 0.2 to 
10 pg/ml. Serum testosterone concentrations were measured by radioimmunoassay as described in detail previously
(Perachio el al., 1977). The intra- and interassay coefficients of variation were 4.8% and 6.7% respectively. The usable 
portion of the testosterone standard curve was from 2 to 50 nmol/l. 

Statistical analysis. Data from Exps I and 2 were evaluated by a one-way analysis of variance (agonist treatment)
with repeated measures (blood samples over time) followed by the least significant difference test for multiple
comparisons. In Exp. 3, data were evaluated by a two-way analysis of variance (agonist or antagonist treatment in the 
presence c r absence of hCG). 

Results 

Experiment 1: effect of chronic GnRH agonist administrationon the response to hCG 

Basal serum concentrations of testosterone were reduced in adult male monkeys in Group I and 
2 compared to basal values during the control (pretreatment) period (Fig. 1). The peak serum 
testosterone concentration after an i.v. bolus of hCG was <40% of the control peak in Group I 
(P < 0.001) and <30% in Group 2 (P < 0.001) (Fig. 1). However, when the lower basal values of 
testosterone in Groups I and 2 after agonist treatment were considered, the overall % increase of 
testosterone in response to hCG after agonist treatment in Groups I and 2 (666% + 117 and 
892% + 436) did not differ from the control response (652% + 97). 
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Fig. 1. Serum testosterone concentrations before and after hCG administration in adult male 
monkeys. Ag = agonist. Group I (N = 5): GnRH agonist, 5pg/day for 24 weeks and then 
10 jtg/day for 20 weeks. Group 2 (N = 5): GnRH agonist, 25 jig/day for 44 weeks. Animals in 
Groups I and 2 had lower basal values (P < 0.05) and reduced peak values of serum testoster
one after hCG (P < 0.001) than during the pretreatment period. 
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Experiment 2. influence ofacute infusion of GnRH agonist or antagonistinto the testiculararteryon 
testosteroneconcentrationsin the testicularandfemoral veins 

Infusion of 100 or 400 ng GnRH agonist into the testicular artery failed to change testosterone 
concentrations in the testicular vein or systemic circulation over the next 2 h (Table 1). The infusion 
of 4 pg GnRH antagonist also failed to influence testicular secretion of testosterone into the 
testicular vein (Table 1). 

Table 1. Effect of infusion (over I min) of 100 or 400 ng GnRH agonist 
or 4 pg antagonist into the testicular artery on testosterone concen
trations in the testicular vein and on LH and testosterone concentrations 

(+s.e.m.) in the femoral vein in adult monkeys 

Time (min) after agonist or saline infusion 

-15 0 15 30 60 120 

Testicular vein testosterone (nmol/I)
Control 198 189 156 170 125 90 

+71 ±52 +42 +38 +34 ±20 
Agonist 

100ng 183 237 157 141 253 130 
+87 +116 +74 +64 ±180 ±44 

400 ng 135 127 234 271 304 122 
+41 ±40 +71 ±70 ±99 ±29 

Antagonist 
4pg 193 202 155 194 186 135
 

+124 +103 +53 +44 +40 +69 

Femoral vein testosterone (nmol/l)
Control 15 21 17 19 16 12

+5 +7 +6 +6 ±5 ±4
 
Agonist 

100ng 
 24 18 15 14 15 It
 
+9 +5 +3 +3 +5 +2
 

400ng 14 15 18 17 
 17 16
 
±4 +4 ±2 ±3 ±3 +3


Antagonist 
4pg 11 12 13 14 14 11
 

+2 ±2 +2 +2 ±2 ±1
 

Femoral vein LH (pg/ml)
Control 3.2 3.3 2.7 2.7 [.9 1.2 

.0.5 +0.5 ±0-4 +0.5 ±0.3 +0.2 
Agonist

100 ng 3'5 3.6 3'9 4.1 3'0 1.8
 
-1.1 1.2 +12 +1.4 +0"9 ±0.5400 ng 4.4 4'4 6.8 6"2 6.3 2"9 
±0.8 +0.6 + 1.6 1.9 1.7 ±0.7

Antagonist
4pg 3.0 3.3 3'5 2.5 2.1 1'6
 

+0'8 +0.9 +1.3 +0'8 ±0"7 ±0.5 

Values are mean ± s.e.m.; N = 6 for each GnRH analogue treated group and 
each animal served as its own control. 

Experiment 3: effect of a GnRH agonist or antagonist on testosteroneproduction from monkey 
testicularinterstitialcells in vitro 

7As shown in Table 2, incubation of testicular interstitial cells with 10-9, 10- or 10-1 M-GnRH 
agonist or antagonist failed to alter the amount of testosterone in the incubation medium after 24 h; 
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testosterone production ranged from 4.4 and 4.7 pmol in Exp. 3A and 10 to 12 pmol in Exp. 3B. 
Untreated interstitial cells showed a dose-related increase (P < 0.001) in testosterone production
when incubated with increasing doses of hCG (50-1000pi.u.) in Exps 3A and 3B. While basal 
testosterone production was lower in Exp. 3B than in Exp. 3A, the overall respc.r e of cells (based 
on the % increase over basal values) to hCG did not differ between the two experiments (743% and 
745%). The response of these cells to hCG was not affected by the presence of the GnRH agonist or 
antagonist in the incubation medium. 

Table 2. Effect of a GnRH agonist and antagonist on 
testosterone production (pmol/10 6 cells/24h) by isolated 

testicular interstitial cells from male monkeys 

hCG dose (ji.u.) 

Exp. Treatment 0 50 250 1000 

3A Control 4.7 7.4 18.9 30.0 
+0.5 ±1-0 +1.0 +1.8 

Agonist 
10- 9 M 4.6 7.0 19.4 34.2 

+0.4 +0'5 +0.7 +2.3 
10

-
7 M 4.5 7.5 24.5 32"9 

+0-4 ±0-5 +2.0 1"4 
10"sN 4.4 7.5 21.0 33.6 

+0.4 +0'5 ±2.8 +2.0 
3B Control I'I 2.0 6"0 8"2 

+0.1 ±0.1 +0.4 +0.5 
Antagonist 

10-9M 1.0 17 3'9 9'6 
±0.1 +0.2 ±0.2 ±0-4

10-7M 1.2 1"6 4.5 7.4 
+0"1 +0-1 +0.3 +0"4 

10-1M 1.0 1.4 4.7 8.7 
-0.1 +0-1 ±0.2 ±0.7 

Values are mean ± s.x.m. of at least 5incubates. 

Discussion 

It has been clearly established that GnRH analogues have direct effects on testicular function in the 
rat. In hypophysectomized rats, GnRH agonists inhibited steroidogenesis, reduced the responsive
ness to LH, and blocked FSH induction of LE receptors on Leydig cells (Bambino et al., 1980;
Hsueh et al., 1981). In-vitro incubation of testicular interstitial or purified Leydig cells with GnRH 
agonist had a biphasic effect on testosterone production. Acutely, GnRH agonists increased testos
terone production. However, the effect on testicular steroidogenesis was inhibitory in long-.term
incubations (24-27 h) (Hsueh et al., 1981; Sharpe & Cooper, 1982a). Binding sites for GnRH were 
reported on rat Leydig cells (Hsueh & Erickson, 1979; Clayton et al., 1980), and GnRH-like factors 
have been demonstrated in the rat testis (Sharpe et al., 198 1; Swerdloff et al., 1984). These data 
support the hypothesis that there is a GnRH-like gonadal peptide involved in modulating testicular 
steroidogenesis in the rat testis. 

The results reported here do not demonstrate a direct effect of a GnRH agonist or antagonist on 
testicular steroidogenesis in the primate testis. Chronic GnRH agonist treatment for 44 weeks 
inhibited spermatogenesis and reduced basal concentrations of testosterone (Mann et al., 1987), 
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but failed to alter the testicular testosterone response (based on the % increase of serum testosterone after hCG to the basal testosterone value) of these animals to a low dose ofhCG. However,absolute peak concertraiions of testosteront after hCG administration were lower in agonist
treated animals than they were during the control period.

Infusion of 100 or 400 ng GnRH agonist or 4 pg antagonist directly into the testicular artery didnat significantly alter testosterone concentrations in the testicular vein over the next 2 h. However,serum LH concentrations in animals treated wiih 400 ng agonist were slightly elevated 15 and30 min after agonist administration, suggesting that this dose of agonist approaches levels thatwould stimulate pituitary LH secretion, and therefore, testicular testosterone secretion indirectly.
Finally, in-vitro incubation of testicular interstitial cells from sexually mature male monkeys

- -with the GnRH agonist or antagonist (10 to 10 - M)for 24 h did not affect either testosteroneproduction or the testosterone response to hCG stimulation. These results do not rule out thepossibility that shorler or longer term incubations of the cells with the analogues would haveinfluenced steroidogenesis. However, GnRH agonist treatment of male monkeys for 44 weeks didnot alter the testicular testosterone response to a low dose of hCG in vivo. Therefore, the in-vivoand in-vitro evidence from the present study does not support the hypothesis that GnRH analogues
directly alter testicular steoidogenesis.

The results reported here provide the first direct evidence in vivo and in vitro that GnRHanalogues do not directly alter testicular steroidogenesis in primates. These data are in agreementwith a recent report that showed chronic GnRH agonist treatment for I year ofmen with prostatic
cancer resulted in an inhibition of the production olA' and A' steroids in the testis. This inhibitionwas overcome by treatment with exogenous hCG (.ajfer et al., 1987). Thus, most evidence doesnot support the hypothesis that the testis is a site for the inhibitory effects of GnRH agonistson gonadal function. Nevertheless, there is a need to be cautious. Data continue to accumulate
suggesting the presence of a GnRH-like protein in the primate gonad (human ovary) (Aten et al.,1987). Moreover, while monkey testicular interstitial cells incubated for 24 h with a GnRH agonist-,r antagonist faiied to show any change in testosterone production in the present study, it ispossible that more chronic treatment with the analogues would have altered either basal 
testosterone secretion or the response of these cells to hCG. 

We thank Wyeth Laboratories and Organon for the GnRH agonist and antagonist used in thisstudy; the NIADDK for providing the rhesus monkey pituitary reference preparation (LER-1909-2);Dr Gordon Niswender for the testosterone antiserum; and Ms. Toni Duffey, Janice Tittle, RobinKing and Mr Thomas Buckner for technical assistance. Supported by AID grant DAN-5053-G-SS
5018-00, NIH grants RR-08006 and RR-00165 and Veterans Administration project 1517-001. 
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ABSTRACT. We examined the effect of continuous sc infu-
sion of a GnRH agonist (Ag) and testosterone (T) supp!emen-
tation on spermatogenesis and the potential fertilizing capacity
of sperm in 15 rhesus monkeys. The monkeys were divided into 
3 groups of 5 animals each. Groups 1 and 2 received 25 g/day
Ag for 44 weeks. Group 2 also received ' replacement therapy
[sufficient to maintain serum T values within the normal range;
4-5 ng/mL (13.9-17.3 nmol/L)J. Group 3 received a low dose of
the Ag (5 g/day for 24 weeks and then 10 g/day for 20 weeks)
to prolong the oligospermic phase before the onset of azoosper-
mia. In groups 1and 3, there was an initial transient (1 week)
rise in serum LH and T levels which then fell below pretreatment
values, where they remained throughout the treatment period.
The serum LH and T levels were lower in the group treated with 
25i jig/day Ag. Similar changes in serum LH levels occurred in 
group 2, but T supplementation maintained serum T in the 
physiological range. The decline in serum LH levels was associ-
ated with reduced sensitivity to GnRH, since the responses of 
serum LH and T to GnRH were either abolished or greatly
reduced in the 2 groups treated with 25 ug/day Ag and were less
than 50% of the pre-Ag responses in monkeys treated with 5-10
jg/day Ag. 

Four of five monkeys treated with 25 g/day Ag alone became 
azoospermic within 21 weeks. All five animals receiving Ag and 

W 	 E AND others have found that continuous infu-
sion of GnRH agonijts (Ag) induced azoospermia 

in raonkeys (1, 2), and that spermatogenesis could not 
be reinitiated by tesosterone (T) administration to 
maintain ejaculatory behavior (1). However, T treatment 
initiated at the beginning of Ag administration atten-
uated 	the effect of the agonist on spermatogenesis (3). 
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T supplementation became azoospermic (mean time to onset,
12.6 weeks). Four of five monkeys treated with 5-10 ,g/day Ag

also had azoospermic ejaculates during the late treatment and

early recovery period. Sperm counts recovered to the pretreat
ment levels in most monkeys by 10 weeks of the recovery period.

The quality of semen samples taken from oligospermic monkeys

was greatly reduced. The percentage of motile and percentage of
 
live sperm per ejaculate, the net negative Eurface charge on
 
sperm, and the scores of sperm in the hamster oocyte penetration

test were subnormal. T supplementation did not improve these
 
measures of semen quality. Testicular biopsies taken at the end
 
of the Ag administration period from monkeys given 25 g/day

Ag showed diffuse atrophy of the seminiferous tubules, which
 
contained primarily Sertoli cells and a few spermatogonia and
 
spermatocytes, but no spermatids. The tubular atrophy and the

suppression of spermatogenesis did not appear to be influenced
 
by T replacement. These results do not support the conclusion

of other investigators that T supplementation in the Ag-treated

monkey prevents the induction of azoospermia. The data suggest

that GnRH analog administration, combined with androgen

therapy to maintain libido and potency, may be an acceptable

method of male contraception. (J Clin Endocrinol Metab 65:
 
1215, 1987)
 

Combined treatment induced oligospermia in 8-10 
weeks, but azoospermia was not achieved by 22 weeks. 
Moreover, the decline in testicular volume associated 
with Ag administration was postponed by T therapy (4).
In the context of male contraception, these results sug
gested that T administration could begin only after azo
ospermia was achieved, and they thus raised important 
questions about the feasibility of using GnRH analogs
for male contraception.

In men Ag administration not only greatly reduces 
serum T levels but also causes symptoms of hypogonad

ism (hot flushes, loss of libido and potency) (5). Androgen
therapy is necessary to maintain libido and potency. 

1215 
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Combined Ag and androgen treatment of six men for 20 
weeks caused oligospermia, but not azoospermia (6). On 
the other hand, T administration potentiated the inhib-
itory effect of Ag in rats (7, 8). These conflicting data 
and the need for androgen replacement during Ag-in-
duced infertility made it important to reexamine whether 
combined Ag and T administration would induce azo-
ospermia in the primate. In this study, therefore, we 
tested the effect of administration of Ag with and without 
T replacement therapy on reproductive function in monkeys. A second objective of this study was to determine 
the potential fertilizing capacity of sperm from Ag-
theaptential foertilizin eysacinceofwserct froo ntreated oligospermic monkeys, since we recently found 
that sperm that appeared normal in morphology ard 
motility from GnRH antagonist-treated animals may 
have reduced fertilizing potential (2). 

Materials and Methods 
Fifteen adult male monkeys (Macaca mulatta), ranging inweight from 6.7-10.9 kg and housed sin ly in a controlled

eighfrom 6.7-10.9tkrdatep h d igin conrolled 
environment (temperatre, 20-23 C; lighting schedule, 12 h of 
light, 12 h of dark), were used in this study. 

Treatment groups 

The 15 monkeys were randomly assigned to one of three 

treatment groups of five animals each. Animals in group 1were

treated with 25 pg/dry Ag (D-Trp6-N-a-Me-Leu'-des GlyW-

Pro'-NH Et.GnRH; Wy-40972, Wyeth Laboratories, Philadel-

phia, PA) for 44 weeks using Alzet osmotic minipumps (2m1-4, 

Alza Corp., Palo Alto, CA). Those in group 2 were treated 

simultaneously with 25 GnRH Ag, and T was administered 

using a sc implanted 5-cm long Silastic elastomere (od, 0.465 

r-: idt, 0.335 cm). One elastomere of T was implanted in each 

animal. Group 3 received 5 pg/day Ag for 24 weeks and then 

10 pg/day Ag for an additiona! 20 weeks using minipumps. 

These low Ag dosages were chosen to produce prolonged oi-

gospermia before the onset of azoospermia, so that the potential
fertilizing capacity of recovered sperm could be more fullyassessed 

Surgicalimplantationo,€ minipumps and T elastomers 

Animals were anesLhetized with 10 mg/kg BW ketamine 
HCI, and the minipumps and T capsules were implanted sc in 
the interscapular region under sterile conditions. Minipumps
containing the appropriate Ag concentration dissolved in sterile 
water were replaced every 28 days, and T implants were re-
placed at 16-week intervals. The residual Ag volume in each 
minipump was measured when it was removed. The mean
residual volume was 0.24 ± 0.01 (SEM) mL. This volume (lid 
not differ significantly between treatment groups or individualanimals. 

Blood and semen sampling schedule 

Blood samples were taken at weekly intervals during a 5-
week control period, on treatment days 2 and 7, and then 
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weekly throughout the 44-week Ag administration and the 20
week recovery periods. 

Semen samples were collected by penile electrostimulation. 
Three to five semen samples were collected from each animal 
during the control period and at 2-week intervals during the 
Ag administration and recovery periods for determination of 
sperm counts, percentage of motile sperm, and percentage oflive sperm. 

Net surface chargeon sperm 

Sperm samples were washed, fixed in 2% glutaraldehyde, 
and exposed to colloidal iron on carbon plates, as previouslydescribed (9). The specimens were examined at 25 kV at a 35 ° takeoff angle in an ISI DS 130 scanning electron microscope 
(International Scientific Inst., Miltitas, CA). The energy dis
persive x-ray spectra of the sperm head were obtained using a 
Tracor Northern 5500 analyser. The en~ergy spectrum of the x
rays emitted, characteristic of an element, was used to identify
the elements present. The peaks derived from Na (1.041 keV), 
P (2.015 keV), S (2.308 keV), Cl (2.622 keV), Ca (3.691 keV),and Fe (6.403 keV) were quantitated, and the background was
subtracted. Thus, the integrals were expressed as a percentage
of Fe counts relative to those of the other elements (Fe/Na, P, 
K, Cl, S, Ca X 100). Duplicate samples were analyzed, and 100 

sperm were measured in each sample. 

Hamsterova penetrationassay (SPA) 

The SPA was performed basically as described prewously
(10) on sperm samples taken during the control period; at 3
10, 11-15, and 16-44 weeks of Ag administration; and at 20 
and 25 weeks during the recovery period. The original method 
was modified by the use of Dulbecco's medium during prepa
ration of the oocytes and by extending the incubation time 
before reading the assay results. Briefly, oocytes were recovered 
from superovulated hamsters (25 IU PMSG, ip, followed by 50 
IL hCG, ip, 3 days later), the cumulus cells were removed by 
incubation in 1%hyaluronidase for 15 min, and the zonae were 
dissolved by transferring the oocytes to a 0.1% trypsin solutionin Dulbecco's medium for 10 min. After the zonae were dissolved, the denuded oocytes were transferred to Ham's F-10 

medium containing 10% human cord serum. After washing, 1030 oocytes were incubated in 0.5 mL culture medium in an 8well culture slide; each well had a volume of 0.6 mL. The 

oocytes were incubated with 25,000 motile sperm/oocyte in 5% 
CO2 in air at 37 C for 17 h. Semen samples were washed twice 
in Ham's F-10 medium, concentrated by centrifugation, and 
subjected to the "swim up" technique before incubation with 
oocytes. The assay was scored according to the percentage of 
oocytes penetrated per well. 

Pituitaryand testicularresponses to GnRH 

During the control period and at 4-week intervals throughoutAg administration and recovery periods, animals were anesthe
tized with 10 mg/kg BW ketamine HCI and injected iv with 25 
pg GnRH. Blood samples were taken at 15 and 0 before and
15, 30, 60, and 120 min after GnRH administration for LH and 
T determinations. 

/ 
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Testicularvolumes and biopsies 

Testicular volume was determined at monthly intervals, as 
previously described (2). Testicular needle biopsies were per-
formed on on. testis fom each animal during the control period
and on the alternate testis at the termination of Ag adminis-
tration for routine histological examination, as previously de-
scribed (2). 

Assays for LH and T 

Serum LH concentrations were measured in duplicate using
the mouse interstitial T-cell bioassay (1). The NIDDK rhesus 
monkey pituitary gonadotropin standard (LER-1909-2) was
used as the reference preparation. The intra- and interassay 
coefficients of variation for the LH assay were 7.3% and 19.3% 
for a serum pool containing 2.0 ,g/mL LH. The coefficients ofvariation did not differ significantly over the usable portion of 
the LH standard curve (0.2-10 pg/ml,). The sensitivity of theLH assay was 0.2 pg/mL. Serum T concentrations were meas-
ured in duplicate by RIA, as previously described (12). The 
intra- and interassay coefficients of variation for the T assay 
were 4.9% and 6.8%, respectively, for a serum pool containing
5 ng/mL T. The sensitivity of the ' assay was 0.5 ng/,nL. 

Statistics 


The data were evaluated using either analysis of variance o;
x' test (SPA, frequency of electroejaculation). 

Results 

Animals in group I were given 25 ug/day Ag for 44 
weeks. The animals in group 2 were treated simultane-
ously with 25 pg/day Ag and T for 44 weeks, and the group 3 animals were given 5 pg/day Ag for 24 weeks,
then 10 pg/day Ag for an additional 20 weeks. 

Serum LH and T concentrations 

Serum LH levels ose initially and then fell precipi-
tously to near-minimal levels of detection (0.2 pg/mL)

in four of the five monkeys in group 1 (Fig. 1A, top). In 

these four monkeys, the serum LH levels then remained 

below the control levels through the remainder of the Ag

administration period. The fifth animal (no. 4960; data 
not included in Fig. 1) was less sensitive to the Ag. The 
pattern of change in serum LH concentrations was sim-
ilar, but the LH values remained near-control values 
during the last 40 weeks of Ag administration. Serum T
values in the four responsive monkeys rose from control
values between 4 and 8 ng/mL (13.9-27.7 nmol/L) to
39.7 ± 5.6 (±SEM) ng/mL (138 ± 19 nmol/L) on day 2,
and then declined to near-castrate values (<0.70 ng/mL;
2.4 nmol/L; Fig. 1A,bottom). The fifth animal (no. 4960)
had normal serum T levels after the initial increase. In 
the group 2 monkeys, the changes in LH wereserum 
similar to those in the four responsive monkeys in group 

1. The serum T pattern was similar, except serum T did 
not fall to castrate values, but was maintained between 
4-.5 ng/mL (13.9-17.3 nmol/L) by the sc T implants (Fig.
1B). The monkeys in group 3 had an initial rise in serum 
LH and T levels similar to that in group 1 (Fig. 1C), but 
there was less suppression of serum LH and T levels 
thereafter. 

Serum LH and T concentrations increased soon afterthe termination of Ag administration and were similar 
to pretreatment values within 10-12 weeks (Fig. 1).
Serum LH and T levels were supranormal for 10 weeks 
in groups 1 and 2 (Fig. 1, A and C). The group 3 animals 
had supranormal serum LH but normal serum T levels 
during this period (Fig. 10). 

Pituitaryand testicularresponses to GnRH 

The serum LH and T responses to 25 pg GnRH were 
abolished in four of the five monkeys in group 1 and the 
five animals in group 2 (Fig. 2). The remaining animal 
(no. 4960) in group 1 had significant, but reduced, serum 
LH and T responses to GnRH administration through

out the Ag administration period (data not shown). Inthe animals in group 3, the peak serum LH and T 
responses to GnRH were reduced to less than 30% of the 
control responses by 36 weeks (Fig. 2). The serum LH 
and T responses to GnRH had returned to the control
levels in all groups within 8 weeks after the discontinuation of Ag. 

Testicu!ar volumes 

There was a significant effect of time (P < 0.005) and 
a significant interaction (P < 0.05) of the two variables 
(time x treatment) on testicular volume. An initial small
increase in testicular volumes was found after 2 weeks of 
Ag administration, followed by a rapid decline to a plateau after 10 weeks in all three groups (Fig. 3). Thedecline (44%) was less marked in group 3 animals than
 
in those in group 1 (71%) or group 2 (73%). Thus, T
 
administration did not alter the Ag-induced decline in 
testicular volume. The data in Fig. 3 do not include the 
monkey (no. 4960) that was less sensitive to Ag. This 
monkey had only aminimal decrease intesticular volume
 
during Ag administration. 

Semen analysis 
During the pretreatment period the success rate of

electroejacuiation ranged between 94-95% for the three 
groups of monkeys. This rate declined in all three groups
during the treatment period (Table 1). However, only 
one of the animals treated simultaneously with Ag and 
T (group 2) had a reduced frequency of ejaculation. This 
occurred after 27 weeks of treatment. 

d' / 
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FIG. 1. Mean (±SEM) TIME (WK)serum LH (top) and T (bottom) concentrations in monkeys before and during 44 weeks of Ag administration and during aTIME (WK) TIME (WK) 

20-week recovery (R) period. A, Group 1 animals given 25 pg/day Ag; B, group 2 animals given 25 pg/day Ag and T; C, group 3 animals given 5pg/day Ag for 24 weeks and then 10 pg/day Ag for 20 weeks. For LH, ng/mL = mg/L. To convert T concentrations from ng/mL to nmol/L,multiply by 3.467. 

Figure 4 illustrates the effect of Ag administration on 
mean sperm counts in the three groups. Four of five
animals in group 1 became azoospermic after 11-21 
weeks of Ag administration (Fig. 4, top). It was difficult 
to determine exactly when azoospermia was achieved in
this group because two of the monkeys did not have a
consistent ejaculatory response before the onset of azo-
ospermia. The fifth animal (no. 4960) in this group never 
had azoospermia, although one azoospermic sample was 
collected during the recovery period. All five monkeys ingroup 2 became azoospermic after 16 weeks [mean, 12.6 
± 1.2 (±SEM) weeks], and four of the monkeys consist-
ently had azoospermic ejaculates for the remainder of
the treatment period (Fig. 4, middle). The fifth animal 
had no ejaculatory response between weeks 27 of treat-
ment and week 1 of the recovery period. His ejaculates 
were azoospermic for 12 weeks before and 4 weeks after 
this loss of ejaculatory response. After azoospermia was
achieved in the monkeys in group 2, there were a few
occasions (one or two per monkey) when ejaculates had 
a small number of sperm (<6% of the control level),
These ejaculates were of reduced volume (<10% of nor-
mal) and contained a subnormal number of live sperm
(<30%). 

In eight of the nine monkeys in groups 1 and 2 who
achieved azoospermia, azoospermia persisted for 7 weeks
after the termination of Ag (Fig. 4). After that, sperm
counts in all but one animal returned quickly to control
levels. The remaining monkey was unresponsive to penile
electrostimulation between weeks 8 and 16 of the recov-

ery period. An ejaculate collected during recovery week
17 using the rectal probe electroejaculatory technique
contained a normal sperm number (2.4 X 10' million/
mL) and normal percentages of motile and live sperm.

Figure 4 (bottom) shcws the mean sperm counts in the
five monkeys in group 3. Mean sperm counts were lower
than control levels during the latter part of Ag adminis
tration and early in the recovery period, and ejaculates
with no sperm were recovered from four of five monkeys
in this group during these times. 

Group 1 and group 2 animal3 had mean percentages of 
motile sperm of 87.1 ± 1.9% (±SEM) and 81.9 ± 1.9%,
respectively, and mean percentages of live sperm of 90.4
± 1.6% (±SEM) and 87.6 ± 1.5%, respectively, during the
control period. In the two ejaculates immediately preced
ing the onset of azoospermia, the percentages of motile
and live sperm in the two groups were 38.7 ± 9.4% and 
42.5 ± 10.5% (P < 0.001) and 53.0 ± 8.9% and 47.2 ±
9.3% (P < 0.001), respectively. Monkeys in group 3 also
had a reduction in the percentages of motile (P < 0.01)
and live sperm (P < 0.01) in ejaculates during the last 
12 weeks of the treatment period (mean percentage of
motile Qnerm: control, 81.9 ± 2.3%; Ag administration,
53.5 ± 9.5 /; mean percentage of live sperm: control, 88.5 
± 1.5%; Ag administration, 54.0 ± 9.1%).

The effect of Ag administration on the percentage of
hamster oocytes penetrated by sperm from individual 
monkeys in the 3 treatment groups is shown in Fig. 5.
Semen samples from groups 1 and 2 during treatment 
weeks 11-44 showed a reduced ability to penetrate 

r '/ 
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20 

and at 4 and 8 weeks of the recovery 
(R) period. 
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TABLE 1. Effect of Ag and T administration on the percent success of g 14penile clectroejactilation
I- 12 

10 , Treatment (weeks)
a Pretreatment Recovery
4 

Group 1, 25 94 96 70' 47' 50, 91 
2 1pg/day 

Ag (n-05 '~~l 'ls6lsoolod ' , 4
1530601 l , ATTI G061 
. .- = 5)dIS iMIN Group 2, 25 95 10093 83 63" 87 

12 24 36 mg/day Ag +PRET. TREATMENT (WK) RECOVERY T (n = 5)FiG. 2. Mean (±SEM) serum LH (top) and T (bottom) responses of 14 G
monkeys to an iv bolus dose of 25 pg GnRH during the control period Group 3,5-10 95 90 80 71 47' 87
(PRET), at 12-week intervals during administration of 25 pg/day Ag 5)

(group 1), 25 pg/day Ag and T (group 2), or 5-10 pg/day Ag (group 3),
and at 8 weeks of the recovery period. For LH, ng/mL 
 -
= ug/L. To ' Significantly different from the pretreatment value, P < 0.025.convert T concentrations from ng/mL to nmol/L, multiply by 3.467. ' Significantly different from the pretreatment value, P < 0.005. 

'Significantly different from the pretreatment vahio, P < 0.005.hamster oocytes compared to control samples (by X, Significantly different from the pretreatment value, P < 0.05.
P < 0.05 for group 1 and P < 0.005 for group 2). Overall, "Significantly different from the pretreatment value, P< 0.005.
there was no significant change in the SPA for group 3. 
 charge on sperm in all three treatment groups. In animalsThe SPA was performed on semen samples from all in group 3, the percentage of iron on the surface declinedmonkeys again at 20 weeks of the recovery period. By from a control level of 48.8 ± 4.4% to 27.4 ± 2.1% (P <that time, sperm samples from 8 of 10 monkeys in groups 0.001), compared to a decrease from 45.8 ± 2.2% and1 and 2 had a normal penetration score. The 2 monkeys 51.7 ± 2.6% to 33.9 ± 4.5% (P = 0.045) and 33.0 ± 3.2%with a subnormal SPA score at 20 weeks of recovery (P = 0.001) in groups 1 and 2, respectively. T maintewere retested 5 weeks later and had a normal SPA score. nance therapy did not alter the effect of Ag on theThere was an unimodal distribution of net negative surface charge on sperm. 
net 

surface charge on rhesus monkey sperm (Fig. 6). The 
observed distribution of the number of sperm showing a Testicular histology
given percentage of iron did not differ from the calculated
normal distribution when tested by x2 . The predominant Animals in groups 1 and 2 had severe hypospermatocharge of the sperm samples taken during the control genesis after 44 weeks of Ag administration comparableperiod, expressed as the percentage of iron bound to the to that previously reported after short term (20 week)surface relative to the other elements, was 48.8 ± 1.7%. treatment with the same GnRH analog (2). While theAg administration caused a reduction in net negative degree of inhibition of spermatogenesis varied from mon
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FIG. 4. Mean (--SEM) sperm counts of monkeys before (thrce or four 
samples) and at 2-week intervals during 44 weeks of Ag administration 
and during a 20-week recovery (R) period. Top, Group 1 animals given
25 pg/day Ag; middle, group 2 animals given 25 pg/day Ag and T; 
bottom, group 3 animals given 5 pg/day Ag for 24 weeks and then 10pg/day Ag for 20 weeks, 

key to monkey, their seminiferous tubules contained 
Sertoli cells and, in most cases, a few identifiable sper-
matogonia and spermatocytes, but no early or late stage 
spermatids. No significant peritubular fibrosis or calci-

osrvd "--- biop-
sie fom ad 2weendistinguishable (Fig. 7). 

fication wa Morholog;ii_.OeOOcally,2-:-testicular 
rops 

Testicular histology from the one monkey in group 1 
who did not become azoospermic revealed normal tubular 
cellularity and active spermatogenesis with progression 
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FIG. 5.SPA for individual monkeys during the control period (Pret.),TI'ME (WK) 

at intervals during the administration of 25 pg/day Ag (group 1; Lop),
25 pg/day Ag and T (group 2; middle), or 5-10 pg/day Ag (gioup 3; 
bottom), and at 20 weeks of the recovery (Rec.) period. 0, No coxytes
penetrated. *,No sample available on the day of the test. 

to the late spermatid stage in almost all tubules. 
Animals in group 3 had a less severe suppression of 

spermatogenesis. Tubules from these animals had re
duced levels of spermatogenesis, with the most promi
nent stages being spermatocytes and early spermatids, 
adol e aesaesemtd.Oeaia nti
 
group had suppression of spermatogenesis comparable tothat in monkeys in groups 1 and 2. 

In all groups, there was severe atrophy of the seminif
erous tubules. Tubular diameters declined 46% (P < 
0.001) in group 1, 53% (P < 0.001) in group 2, and 35% 
(P < 0.025) in group 3. 
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FIG. 6. Mean (±sEM) net negative sur
face charge on sperm measured indi
rectly subrequently to the attachment of 
positively charged colloidal iron to the P 
surface of sperm. The data are presented 30 
as the percentage of iron relative to the C 
other elements on the sperm surface vs. E2 CONTROL 
the percentage total of sperm counted N 25ugAg 

" (100/sample). The surface charge on T 2
 
sperm was measured on 17 samples from 
 25ugAg+T 
9 monkeys during the control period and T R SugAg
again on 26 samples between 5 and 10 0
 
weeks of administration of 25 pg/day Ag T
 

(group 1; n = 11 samples from 3 mon- AID
keys), 25 pg/day Ag and T (group 2; n = L 

8 samples from 3 monkeys), and 5 pg/
 
day Ag (group 3; n = 7 samples from 3 O. J
monkeys). I&I.
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Body weight if the treatment period had been prolonged. However, all
did not change in any of the three five monkeys treated with Ag and T in our study were 

treatment groups. azoospermic by 16 weeks. T administration reinitiates 

spermatogenesis in pituitary stalk-sectioned monkeys 

Discussion and stimulates spermatogenesis in immature monkeys 
(13, 14). However, the circulating T levels needed to

The results of this study clearly show that azoospermia initiate spermatogenesis were 10- to 20-fold higher than 
can be induced in rhesus monkeys treated with 25 pg/ those found to maintain the ejaculatory response in our 
day Ag and simultaneously given T to maintain the study and the previous report (3). Moreover, circulating 
ejaculatory response. T administration did not attenuate T concentrations were comparable in the two studies (3).
the response to the analog, as reported previously (3, 4). Thus, differences in maintenance doses of T may not 
Monkeys treated with Ag and T exhibited desensitization account for the conflicting results. One major difference 
of the pituitary to GnRH and a decline in serum LH between the two studies is the use of different Ags.
values to near-minimal levels of detection as rapidly as One of the monkeys treated with 25 ug/day Ag alone 
animals treated with Ag alone. Moreover, the rate of never became azoospermic. Moreover, the pituitary uf 
decrease and the lower testicular volume achieved during this animal continued to show significant, although re-
Ag treatment were not affected by T administration. duced, serum LH and T responses to GnRH. We have 
Azoospermia occurred in all animals treated with Ag by treated 18 male monkeys with 25 pg/day Ag; this is the 
16 weeks (mean, 12.6). It was not possible to compare first animal that had a reduced response to this analog.
the time of onset of azoospermia with that in animals In fact, 4 of 5 monkeys treated with first 5 then 10 pg/
treated only with 25 pg/day Ag, because two of the four day Ag in this study had a number of azoospermic
monkeys that became azoospermic in the latter group ejaculates during the late treatment and early recovery
also had a decreased sensitivity to electroejaculation periods. We have no explanation for the apparent insen
before their first azoospermic ejaculate. However, all four sitivity of this 1 animal to the analog. It is unlikely that 
animals in this group were azoospermic by 21 weeks of minipump malfunction explains the failure of this mon
treatment, suggesting that the times of onset of azoosper- key to respond, since residual volumes of Ag remaining
mia were similar in animals treated with 25 pg/day Ag when the minipumps were removed did not vary signifi
alone or with T. Thus, our data do not support the cantly from pump to pump. 
conclusion of other investigators (3, 4) that the admin- Earlier data from clinical trials in humans suggested
istration of physiological doses of T to maintain libido that it might not be possible to induce azoospermia with 
and potency interferes with the induction of aoospermia Ag (5, 6, 15, 16). However, these studies were of limited 
with a GnRH analog. duration (10-20 weeks), and except for the third study,

The reason for the discrepancy between these and the agonist was administered by daily sc injection, a 
previous results in monkeys (3, 4) is not readily apparent. method less effective than continuous administration (4,
Ag administration was terminated at 22 weeks in the 17). In all of these studies, oligospermia, but not azo
previous study, so azoospermia might have been achieved ospermia, was achieved. Two recent reports (18, 19) offer 
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X" - that maintained T values in the 2-5 ng/mL (6.9-17.3 

nmol/L) range. Androgen therapy was begun 40 days
after the beginning of agonist treatment. Four of the five 

4'p 
men in the first group (low dose of T) became azoosper
mic by 28 weeks, while azoospermia was not achieved in 
the second group even though treatment was continuedfor 35 weeks. Swerdloff et al. (19) found that 400 pg/day
of an agonist given by constant infusion plus 200 mg T 
enanthate given by im injection every 2 weeks resulted 
in azoospermia in three of seven men. These results 

' 
swggest that azoospermia can be achieved in men with 
GnRV analog administration even if androgen replace

, ,ment is provided to maintain libido. The dose of andro
S•- .gen 
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FIG. 7. Testicular histology in rhesusmale monkeys. A, Before Ag
ddministration (X200); B, after 44 weeks of 25 pg/day Ag (X200); C,
after 44 weeks of simultaneous treatment with 25 pg/day Ag and T
(x200). 

more hope for this contraceptive approach. Bouchard et 
al. (18) treated two groups of five men each with the D-
Trp'-GnRH agonist injected sc in biodegradable micro-
spheres that released 100 jg agonist/day. One group
received low dose androgen replacement sufficient to 
maintain serum T levels in the 1-3 ng/mL (3.5-10.4
nniol/L) range. A second group received a higher dose 

may be important in determining whether azoosper
mia can be obtained while maintaining libido and po
tency. 

One of the monkeys in our study had refractivcness to 
electroejaculation despite T replacement during the late 
treatment period (weeks 27-44). We have previously 
shown that continuous administration of Ag in monkeys 
is not only associated with a reduction of basal T secre
tion, but also abolishes the nocturnal rise in serum T(17). The maintenance dose of T used in this study was 
based on mean morning serum T levelr during the pre
treatment period. These levels may be less than the mean 
24-h value and may not be sufficient to maintain theejaculatory response. The critical aspect of T in maintaining spermatogenesis in primates and rodents is the 

intratesticular concentration (13, 14, 20-22). While as
little as 10-20% of the normal intratesticular T concen
tration will maintain or initiate spermatogenesis (21, 22)
in stalk-sectioned hypophysectomized adult or immature 
monkeys, T administration sufficient to raise serum con
centrations 5- to 10-fold higher than normal adult male 
levels appear necessary to initiate qualitatively normal,
but quantitatively reduced, spermatogenesis (13, 14).

There was a significant reduction in semen quality
before the onset of azoospermia in Ag-treated monkeys.
The percentages of motile and live sperm were signifi
cantly reduced in ejaculates with subnormal sperm
 
counts. Moreover, the net negative surface charge 
 on
 
sperm, an indication of sperm maturation and potential
 
fertilizing capacity (23), was reduced by Ag infusion.
Sperm samples from individual monkeys treated with 25
jg/day Ag also had a reduced ability to penetrate hamster 
oocytes with longer Ag treatment periods. Importantly, 
T administration did not improve any of these indicators
of semen quality. Thus, it was possible to maintain the 
ejaculatory response with T replacement without in
creasing the poteintial fertilizing capacity of the semen. 

Sperm undergo significant changes during develop
ment and maturation within the testes and epididymis. 
Many of these charges occur on the sperm surface and 
are related to the acquisition of fertilizing capacity (24
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27). There is an increase in the net surface charge of 
sperm as they mature in the epididymis and a further 
increase at the time of ejaculation (9, 23, 28). A reduced 
surface negative charge of spermatozoa may be associ-
ated with reduced fertilizing capacity (23). These data
coupled with results showing a decline in the ability to 
penetrate hamster oocytes suggest a signi:iae',t decline 
in the potential fertilizing cepacity of sperin from theoligospermic male treated with Ag. 

Based on the work of Tezon et al. (29), a change in the 
surface composition or surface charge of primate sperm 
would be expected in monkeys treated only with Ag that 
are steroid deprived, but not with combined Ag and T 
administration. This hypothesis is not supported by our 
data, since a shift to a reduced net negative charge on 
sperm was observed in monkeys treated with Ag alone 
and Ag and T. However, if the alteration of surface
charge reflects reduced steroid hormone levels in the 
epididymis, the level of T replacement did not providethe epididymis. Alternatively, aadequate T levels to tgonadotropin-releasing 
steroid hormone other than T is the active steroid hor-
mone in the epididymis. Another explanation is that the 
reduced gonadotropin levels affect sperm maturation 
either directly or indirectly. 

The validity of the SPA as a measure of fertilizing 
capacity is controversial (30, 31). However, the test doesmonitor a significant aspect of sperm function. Aus-
manas and collaborators (30) reported good correlation 
between the SPA and in vitro fertilization of human 
oocytes, and Rogers (32) found good correlation between 
this test and the motility and morphology of sperm. The 
changes in the SPA test with Ag treatment and altera-
tions in motility and sperm surface charge, taken to-
gether, suggest that the potential fertilizing capacity of 
sperm from Ag-treated monkeys is significantly impaired
before the onset of azoospermia. 

The effects of Ag treatment on testicular histology are 
dramatic, but reversible. As we reported previously (2),

seminiferous tubules from Ag-treated monkeys that be-

come azoospermic generally contain only Sertoli cells 

and a few spermatogonia and spermatocytes. No laterstages of spermatogenesis were evident. T supplementa-
tion did not protect the seminiferous tubules from the 
effects of the Ag. The atrophy of the tubules, the result-
ant decrease in testicular volume, and the suppression of 
spermatogenesis were not influenced by T levels suffi-
cient to maintain the ejaculatory response. 
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ABSTRACT. Thaobjective of thisstudy was to examie the
Bffect of blockade of neonatal activation of the pitu try -testic. 

ulr axis, using aGnRH agoist, on sexual development in male 
rhesus monkey. Monkeys were treatd with either a GnRI-
agnist'(10 ,a/day; n - 8) or vehicle ( - 9) or 112 days using

beginning at 10-x days of age. In control 
monkeys eem LHoand tstostrrne concentrations during the 
first 3 po stnatl months were similar to those in d ts; they 

then declined to very low lvels. GnRHI agnist adminitrton 

motit m ynipump s 

cDused an immediate and precipitousc decline in serum LH and 
Pteri m eetrn concentrations to v ry low level , and both re. 
A taned low throughout the rest of the agonist administration 
etnod.Neither group had ny ign tica t elevation in se num IL 
oBtestoster.ne concentrations uring the next 2 yr. In the 
eotoflmonkeys ofrumLHandtestotonebegantorf t duhinl 
the third year, with a rapid increase occurring ng the fall 
coincident with the br edi lgse aon .T h is ofseper pubertal ri 

rfHE EARLY postnatal period of development is 
. assocted with an active period of LH and tests, 

terone secrition in humans (1-4) and other primates (5-

12). Serum LH, FSH, and testosterone concentrations 

are elevated for the first 3-6 months of postnatal life 

before falling to low basal levels where they remain until 

the time of puberty. The significanrce of the elevated 
gonadotropin and testosterroe secretion during this 

period to ubsequent exual maturation of the male is 

unknown, and the consequences of' abnormal pituitary-
gonadal function at this time are uncertain. Neonatal 
human males with cryptorchidism have ben reported to 

1 2) , FSruHL, an t st o t e o n 
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LH and tetosterne a:rtion wus assocatd with rapid nlargemeat of the t sts and the appearance of sperm in ejaculate . 

The monkeys who had received GnRH agnist had subnormal 
serum LIIand testocerne ncrease, rd testicular enlrement 
was lo att.nusted compared to that in the control animalsdal 
only 50% of the GnRH monkeys agonist.treatedduring this
 
I eriodand the sperm count per ejaculate w suppressed. The
 

serum LH rsponzes of the GnRI{ gonist-treated mosnkaDs toan iv bolus dose cf GnRI(5 g/kgEW) during the third year
 
w ar noa l.Tolo result sug est that the induct on ofr ver .
 

i e s earh i e o
 
alters ub equent te sticulardevelopment and peripub artalen 
docrLne changes. Thus, neonatal activation of the pituiteary. 
testicular axis may be e critical developmental event in the 
process of sexual development in male primates. (J Cln Endor
rind 8:tMe0000, 1989)stoh 

have reduced(3, 14), normal (15), or elevated (16) serum 
testosterone levels. Similarly, the gonadotropin re

sponses of cryptorchid maes to GnR 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 fucd oning o 

during the neonatal period in these patients, reduced 
testosterone production during this period may be re

spon ible for the high fequency of defects in the semi

nifetous tubules of cryptorchid children and thishigh 
incidence of oligospermia in men treated as chi ,n"3 
cryptorchidism (]9). 

Several years ago we reported that it was p. sible top o r ed t obe sub or al (1 ) o n r m l 18) W il t e r block neonatal activation of the pituitary-testicular axis 
in male rhesus monkeys by continuous infusion of a 

c 
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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 was critical for normal 
sexual development in male primates. 

Materials and Methods 

Ten male rhesus monkeys (Macaromulatto) that were born 
in 1984 to a heterosexual group of approximately 75 monkeys 
were studied. Six monkeys were treated continuouly with 10 
,g/day GnRH agonist I-.Trp'-N-a.Me.Leu'.des.Gly'*.Pro'. 
NHEt-GnRH; Wyeth Laboratories, Philadelphia, PA), and 4
received vehicle (sterile water) from 10-122 days of age using
osmotic minipumps (2 mL Aza Corp., Palo Alto. CA). GnRH 
agonist or vehicle treatment was initiated at 10-13 days of age
rather than at birth to allow arecovery period after parturition
for both the mother and infant. The infants were kept with

their mothers within the social group in a large outdoor coim-

pound (30 X 30 m) with attached indoor quartars during the 

first 3 yr of life. Then, all 10 monkeys were moved to another 

outdoor compound (15 x 15 m) containing 8 ovariectomized 

female monkeys in order to facilitate more extensive monitor-

ing during the peripubertal period. 


An additional group of 10 infants that werf born in the same 

colony during 1983 also were studied. Five of these monkeys 

were given GnRH agonist for 112 days, asdescribed above. The 

other 5 monkeys served as controls (only 2 of these monkeys 

were subjected to surgical procedures (pump implanted and 

removed)]. We reported previously the effect of GnRH agonist
administration on serum LH and testostQrone level- and on 
the response to GnRH during the neonatal period in this group
of monkeys (20). In the 1983 birth cohort there were no detect-
able differences in body weight gain or crown-rump length
during infancy between control monkeys subjected to the sur-
gical protocols and those that were not or between control and 
agonist-treated monkeys (20). Thus, surgical procedures per se 
did not alter development during infancy. The 1983-born males 
were removed from the heterosexual group at 3 yr of age and 
kept indoors in controled lighting (12 1 of light and 12 h of 
dark) and temperature (22-25 C) conditions in single animal 
caging. Of the 5 animals treated with the agonist in 1983, only 
2 animals are still alive, and only their data are included. One 
of the animals died of yersiniosis at approximately 1 yr of age,
asecond was killed at2yr of age because of Inoperable laryngeal
stenosis, and athirdwas %illedat 3yr of agebecause of repeated
irreducible rectal prolapse. There was no evidence that these 
medical problems were related to GnRH agqnist administration 
during infancy. 

Treatment procedures 

Minipumps were implanted sc under sterile conditions in 
ketamine-anesthetized (20-30 mg/kg) infants. The pumps were 
normally replaced every 4 weeks using similar sterile proce
dures. In certain monkeys, the pumps had to be replaced earlier 
because of infection or pump failure. In such monkeys we were 
unable to detect a significant effect on serum LH and testos-
terone concentrations. 

Blood samples (1 mL; 1000-1400 h) were taken from unse-

ET AL, Jca&H.'MO 
Vol" oNo 3 

dated monkeys before and after 4 and 10 days of GnRH agonist 
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 1/month, and the volume of blood taken was increased to 3 
mL/sample. Beginning at 3 yr of age, testicular volume wasdetermined at monthly intervals, and the monkeys were sub
jected monthly to rectal probe electroejaculation under ket
amine aneithesia, as previously described (21). When we were 
successful in collecting a semen sample; the sperm count and 
the percentages of motile and live sperm were determined. At 
yearly intervals bcginning at 1 yr of age, each 1984-born men

ey received an iv bolus dose of 5 pg/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 assayed for LH and testosterone. 

F rmonal assays were performed at intervals throughout the
stud'. Serum LH was assayed in duplicate using the mouse 
interstitial cell-testosterone bioassay as originally described by
Van Damme et al. (22) and a modified 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 mg/L. The intra
and interassay coefficients of variation were 8.1% and 19.5%, 
iespectively. The LH results are expressed in terms of the 
rhesus monkey pituitary gonadotropin standard, LER-1909-2,
which has apotency of 0.0032 x NIH LH S1. Serum testoster
one concentrations were measured in duplicate by RIA, as 
reported previously (23). The intra.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 limuit of the assay (0.2 mg/L
for LH: 1.04 nmol/L for testosterone). The hormonal data were 
initially analyzed using a two-way analysis (treatment X age)
of variance, followed by a least significant difference test for 
between-group differences or a Tukey test for multiple com
parisons within groups (24). The testicular volume data were 
first subjected to Bartlett's test for homogeneity of variance. 
The test indicated that ti variance in th s data between groups 
was not homogeneous. As a result, raw data were subjected to 
a square root transformation before two-way analysis of var. 
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 Jeclined to near the level of 
detection (0.2 :g/L; (i. 1) top). The mean sberum LH
levels in the GnRH agmnt-treated monkeys fell rapidlyfrom a pretreatment value of 3.1 ± 1.5 (±sE) rng/L to
less than 1.0 mg/L after 2 weeks of treatment and were
lower (P < 0.05) than those in the control monkeys on 

most occasions during the first 3 months of postnatal 
life (Fig. 1, top). 

The changes in serum LH concentrations were paral
leled by comparable changes in serum testosterone levels 
(Fig. 1,bottom). A two-way analysis of Variance indicated 

.... ... ... . ... ... ... . .
 . . . .
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Flo. L Effect of GnRH agoniat administration on me.. ,:tsE) serum 
LH (top) and testosterone (bottom) concentrations in infant male
rhesu monkeys. Control. n - 4; agonit-treated. n - 6. The animals 
were born in 1984. The scale of the x-axis has been expanded during 
the early neonatal period for clarity and to accommodate the addtional 
blood samples taken duing this period. 
that there was a significant effect of GnRH agonist
admihistru.tion (P < 0.025) and age (P < 0.01), and a 
significant interaction (P < 0.001) between L.iese two 
variables on serum testosterone levcls. 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 weeks of age; it then 
gradually declined to less than 2 nmol/L by 75 days. 
GnRH agonist treatment caused an immediate decrease 
in mean serum testosterone values from 7.3 ± 1.5 nmol/ 
L to undetectable values ater 2 weeks, e.nd they re-
mained low for the remainder 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 teas-
tostorone concentrations as a result of neonatal GnRH 
agonist administration reported here for 1984-born mon-
keys are comparable to those reported earlier (20) formonkeys born in 1983. 

Stestwsterone 

MALE MONKEYS 

GnRH agonist administration did not alter early post.
natal growth in th3 1984-born monkeys. There were no 
differences in bed3 weight gain and crown-rump lengthbetween the control and agonist-treatedmornkeys duringthe first 20 weeks of postnatal life (faTble)).By the tirie GnRH agonist admirlbttration was termi

nated between 122-125 days of age, the serum LH andvalues in the control and GnRH agonist

treated monkeys were similar (Fig 1). Thereafter, the 
mean serum LH and testosterotte concentrations re
mained near the minimum levels of detection in both 
groups between 0.5-2.0 yr of age (data not shown). 
ineThe mean serum LH and testosterone concentrationsthe 1984-born control and GnRH agonist-tra~ d, 
mookeys between 2 and 4 yr of age are shown in Nes3)
an,?3toppanes). There were no differences in serum 
LH-rrd testosterone concentrations between the two 
groups from 2 until 3 yr of age. In the control monkeys 
serum LH concentrations began to rise just before 3 yr
ofage (January 1987), and from January until September
of that year they averaged about 1.0 mg/L. These values 
were significantly above the limit of detection, but were
still below adult values. Beginning in October 1987, 
serum LH concentrations increased rapidly, coincidous 
with the breeding season, to a peak level of 4.1 ± 0.2 mg/

in November, and 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 of life; the values in these monkeys were 

slightly but not significantly lower than those in thecontrol 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 thethird 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 nmol/L in 
October, 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 
agonist-treated monkeys never exceeded 5.5 nmol/L (ef
fect of agonist treatment; P< 0.01). The differences in 
serum testosterone concentrations were comparable be
tween the GnRH agonist-treted and control monkeys
born in 1983 (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 flring the third year oflife (Sc.)tember through May; 4ig9top). The GnRH 

.... .............................. 
 ...............
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TABLE 1. Body weights and crown-u (CR) lnghs in control (n- 4) and GnRHignist-treated (n- 6) male rhesus monkeys born in 1984 

Treatment week 
0 4 8 12 16 20 

BW (kg)
Control 0.55 ± 0.04 0.65 ± 0.06 0.88 ± 0.05 1.02 ± 0.06 1.21 ± 0.10 1.21 * 0.04Agtonist 0.54 ± 0.03 0.72 ± 0.03 0.81 ± 0.04 0.91 t 0.05 1.13 ± 0.05 1.25 ± 0.05 

CR (cm)
Control 21.1 ± 0.6 22.6 * 0.8 24.1 ± 0.7 25.5 ± 0.6 26.6 ± 0.4 27.6 ± 0.3Agonist 20.8 ± 0.5 22.7 ± 0.3 23.4 ± 0.7 24.9 ± 0.5 26.4 ± 0.4 26.9 ± 0.3
 

Values nre the mean -t:
3L GnRH aonist treatment was begun betwoeen 10 and 13days of age and terminated between 122-125 days ofage. 

7.
 

3.e
 

a3-


IS

. -8 -8,3-91-?a-@@ 512- 6 67-8 

10
3,
 

3-

I, 

1 
 4.
 
o~
 

s-asI-a s-, -s s- S2o s-s Ia? -a,1-8 4-a17 
0.80 

tre oeys-t t-nin18 a shown i.-n-n the botto graph graph-FIG 3.EfcI fnoaalsR gns drnita no enI 

agnsa oky br n183asa-ass-aale du-in t-he f-ls adwntro t-a r ti-yar. r-hetsethntecnrlmnke4ys drin hi hr yeor 3.erfcot inothe cnHaontamnkestrtowen men the
(Fig .4 Eboetofnna n aostmitation onwmen 1,.' 2- yr6nos)srmatesoteoneacanuetrangeinreusngeys from50 

The n remabsinte 198 (control, nL
to rollecwemrninrape ~r.ttetn 52ts 

jaultinfr;ll4onntrol monkeys bornndi 

m;aoit - 6), in6th bottomL Weowere b ito98 
s[13t in 1984 collect onlwy statpated fnkeystorn monkey;oago in1983haecshowoln 

teaatmes ir inemt19) busonnthfrom op o he. broth smlshdlwsemcons(-. 0/ h 
GR gonist-treatedokyab niml e19 ~alts hasmlle mean) derieng te andwinernofvthethrm/eaculte 

(i. bot. .oma . ........lo to noma ........(rne 20.0 10',
adl rag 

http:08-43.52
http:12-08.88


5 

P NOVMV1 JCE3$$404M Art 8404 jcem-3 28404 12.8.262ax cl-2534 2923 12-08-88 08-43-52 aps5b 

PUBERTY IN MALE MONKEYS 

. 

3 .s. 

-7- aa 

a 

. d0.025) 

o 

' ' ,,o
MONTH -YEAR 


FIr. 4. Effect of neonatal GnRH qonlit adminltration on mean (±

Bs)testicular volumes in rhemaumonkeys during the third yea: of life.

An-1m-l in the top graph were born in 1984 (control, n - 4; agoniat. 

treat4, n  6); those in the botrtom 1mph were born in 1983 (control,
n-5;onit-tmate,'.n-2).Theindiidualvalue for the twoaonit,
treated monkey born In 1983 aneshown in the botom Iropi. 

were 65 :t 7% (±sE) and 73 ± 3%, respectively, for the 4 
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 ± SE, 42.2 ± 27.6 x 106/ 
mL), and the percent motile and percenit live sperm per
ejaculate values were comparable to those in the control 
monkeys. 

The six monkeys born in 1984 who'-received GnRH 
agonist clearly fell into two neparate groups, based both 
on their serum testosterone levels aid whL her we were 
able to collect seme t'am les from them during their 
third year of life (]ig. 5))A comparison of the serum 
testosterone data bettn the GnRH agonist-treated 
monkeys from which we were either able or unable to 
collect sperm revealed a significant interaction (P < 
0.025) of the two variables (semen sample vs. no semen 
sample x time). Three monkeys had a subnormal but 
significant peripubertal rise in semen testosterone con-
centrations, and it was from the same monkeys that we 

U) 20-% ' 4 R
 
+1
 

0 

- 017 /87 10/f7 11187 12157 1188 28 

Sample Collection Date 
Fia. 5. Mean (WE3)anm testosterone concmntrations in control andqonist-treated monkeys during the fall months of the third year oflife. The animals were born in1954. The agonist-treated monkeys were 
separated into two Iroupo of three monkeys each according to whether 
we were able to collect semnen samples from them. 

were able to collect semen samples. The other three 
monkey3 had neither a significant rise in serum testos
terone concentrations nor an ejaculatory response during 
this period. The reduced serum testosteiono levels'in 
these three monkeys was probably a result of lower (P < 

serum LH concentrations (data not zhown). 
The responses of 1984-born monkeys to an iv bolus 

do~e of GnRH at 1, 2, and 3 yr of age are shown in (ig.)
(6. !'herewere no differences in the serum LH respongss 
Vt0GnRH between the control and GnRH agonist-treated
animals at any age, and the LH responses to GnRH 
increased with age in both gmupa (Fig. 6, top). The serum 
testosterone values both before and after GnRH treat
ments were reduced (P < 0.05) in the GnRH agonist.
treated monkeys compared to those in the control 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 GnRHagonist-treated and control monkeys at I or 2 yr. In both 
groups of monkeys the serum testosterone responses to 
GnRH increased with increasing age. 

Neonatal GnRH agonist administration did not signif
icantly affect body weight in monkeys between 10 days
and 4 yr of age, although the tendency was for body 
weight to be reduced in the GnRtagonisttreated mon
keys between 2 and 4 yr of a a go(Tatlee2)n 

Discussion 
These results suggest that the early postnatal period

is a critical period in the maturation of the hypothalamic
pituitary-gonadal axis in male primates. During the first 
3-5 months of lifW,there is activation of the hypotha.
lamic-pituitary-testicular axis (1-12). We found that re
versible inactivation of the pituitary and testes by GnRH 
agonist administration during the first 4 months of post
natal life in male monkeys retarded piripubertal testic

... ...... ..... .... .... .... ..
.... .... .... .... ..... .
 



6 

QAP NOVMV1 JCE3$$404M Art 8404 jcem.3 28404 12-8-262ax cl.2534 2923 12-08-88 08-43-52 aps5b 

MANN ET AL JCE&M.11 
VoIU-N3 

,4 1 r 2yr 3 r .,,, 
,..,,s 
I 


"' 


a. 7 

= "GnRH 
-. 


4. 

3.
 
2 ,.. 


o, - -

,. 


0serum 

20o 


,o-


o 

0 60 a 0 R, 60 0 'S 3 6 
mi after GnRH 

Fic. 6. Mean (±sz)serum LH (top) and testosterone (bottom) re-
sponses toan iv bolus doseof GnRH (5 Mg/kigBW)in control andagonist-treated monkeys. The animals were given GnRH at 1,2,and 3 
yr of ag. These animals were born in 1984. Control, n - 4; neonatal 
GnRH agonist.treated, n- 6. 

ular development. 
As we reported previously (20), GnRH agonist admin-

istration to neonatal male rhtsus 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 122-425 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 serum 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 monkeys in this study, we 
reported previously (20) that male neonatal monkeys
treated with a GnRH agonist did not have serum LHand testosterone responses to GnRH. Presumably, 

receptors in the neonatal pituitary, like those in 
the adult pituitary, are down-regulated by chroni, 2nRH 
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 the third 
year of life. During this period, serum LH and testoster
one levels were low, characteristic of the juvenile phase
of development (26), and the serum LH and testosterone 
responses to GnRH were minimal in both groups. Serum 
LH and testosterone levels began to rise during the third 
year in .the control monkeys. The increase was small 
initially, but later accelerated with the approach of the 
breeding season in t'is species (27). In contrast, thetestosterone rieo increased considerably less dur

ing the third year in monkeys treated neonatally with 
the GnRH agonist. Although there was a tendency for 
serum LH !evels to be lower in agonist-treated animals
during the same period, these differences were not sig
nificant. The testicular volumes of these monkeys during
the third year were smaller than those 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 testosterone 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 were similar, as were the testosterone 
responses. These results suggest that neonatal GnRH 

TABLE 2. Body weight in zontrol and GnRH agonist-treated cuonkeys between 10 daysand 4 yr of age 

10 days 
Control 0.55 ± 0.04 
GnRH agonist 0.54 * 0.03 

Valuee Ie the mean .- L 

0.5 yr 

1.5 ± 0.1 
1.3 ± 0.1 

1.0yr 

2.7 ± 0.1 
2.7 ± 0.1 

Age 
2.0yr 

4.3 ± 0.1 
4.0 ± 0.1 

3.0yr 
6.3 ± 0.1 
5.7 ± 0.3 

3.5yr 

6.8 ± 0.3 
6.2 ± 0.4 

r 

4.0yr 

7.4 ± 0.5 
7.1 ± 0.6 

................ . .... .. .. . .. .. .. '
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agonist administration or the decreased LH and testos-
terone secretion thit 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 GnRH secretion and,
consequently, in LH secretion and testicular develop-
ment. Alternatively, LH secretion in response to endog-
enous GnRH was impaired, even though LH secretion ip 
response to a pharmacological GnRH dose was not. Athirdposibility, that the GnRH agonist somehow altered 
testicular function directly, is not likely, since that might
be expected to increase serum LH concentrations in the 
treated monkeys. 

It is conceivable, but unlikely, that GnRH agonists
have a direct effect on the central nervous system of 
neonates. In adult male and female monkeys, the inhib-
itory effects of GaRH ago nists on gonadotropin secretion 
appear to be mediated entirely via down-regulation of 
pittritary GnRH receptors and postreceptor modification 
of LH secretion (28-30), and there is no evidence avail-
able te suggest that GnRH agonists alter GnRH secretion 
by the hypothalamus. Moreover, there is little evidence 
tLat GnRH analogs have a direct effect on the primate
testis. The vast majority of studies, including several 
from our laboratory, indicate that in adult primates
GnRH analogs do not alter testicular function directly
(28, 31, 32). Thus, we believe it unlikely that the GnRH
agonist had a direct effect on the development of either 
the central nervous system or testes. We, therefore,
believe that its effect was on the pituitary, and the 
consequence was a poor pubertal increase in LH sccre-
tion. 

It appears that the GnRH pulse generator is functional 
in the primato fetus (26). After birth, GnRH secretionand, therefore, LH secretion are episodic and circadian 
in primate males, and serum LH and testosterone levels 
reach adult levels (8, 10, 20). Moreover, bilateral orchi-
dectomy of rhesus infants at I 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 ofone pulse per h in such animals (10, 26, 33).

Theae data suggest that the hypothalamic-pituitary-tes,
ticular axis 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 impossible to determine whether these 
monkeys would have a normal onset of puberty or normal 
peripubertal changes. The data from this study, using a 
GnRH agonst to induce reversible neonatal castration,
suggest that the enhanced activity of the testia of neo-
natal primates may be a critical event in the develop-
mental process that ultimately leads to sexual matura-tionmaten , ma e pr
tion inmale primates,

It is also possible that neonatal testosterone secretion 

may influence not the central nervous system centers 
involved in the regulation of pituitary function, but,
instead, 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 was inversely proportional to the number of
adult males in the social group in which they were reared.
This result may reflect the effect of the adult males on
the rank of the adolescents in the social group (27). In 
this regard, the suppression of neonatal testosterone 
secretion that occurred in the GnRH agonist-treated
monkeys may have influenced the interaction of Zhes,
males with other members of the group, resulting in a 
suppression of testosterone secretion during the third 
year. 

There appear to be parallels between neonatal GnRH 
agonist-treated male rhesus monkeys and human infants
suffering from cryptorchidism as a result of early tran
sient deficiency of testosterone secretion (19). This cryp
torchid condition is caused by a primary deficiency of
LH secretion which persists through childhood and early
puberty and then disappears at midpuberty (19). It has 
been hypothesized that early postnatal deficiency in go
nadotropin secretion anti Leydig cell function contrib
utes to impaired testicular descent and maturation (19).
Adult men treated in chi;dhood for cryptorchidism also 
have a high frequency of oligospermia (19). It is note
worthy that the three GnRH agonist-treated monkeys
who had an ejaculatory response during the breeding 
season of their third year of life also had lower than 
expected sperm counts, although this conclusion is based 
on only six semen samples.

In summary, the induction of hypogonadotropic hy
pogonadism in neonatal male rhesus monkeys alters
 
normal testicular development tid peripubertal ondo
crine events. We do not yet know whether this early

postnatal gonadotropin and testosterone deficiency has
 
a permanent or only a temporary effect on pituitary
testicular function. Although these results are bfstd on 
a limited number of monkeys and should not be 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 
of primates (35). 
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