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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 pvtential 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 Ilg/day 
Ag for 44 weeks. Group 2 also received T replacement therapy 
Isufficient to maintain serum T values within the normal range; 
4-5 ng/mL (13.9-17.3 nmol/L)J. Group 3 received alow dose of 
the Ag (5 Ilg/day for 24 weeks and then 10 Ilg/day for 20 weeks) 
to prolong the oligospermic phase before the onset of azoosper· 
mia. In groups 1 and 3, there was an initial transient (l week) 
rise in serum LH and T levels which t hen fell below pretreatment 
values, where they remained throughout the treatment period. 
The serum LH and T levels were lower in the group treated with 
2;) JIg/day Ag. Similar changes in serum LH levels occurred in 
group 2, hut T supplementation maintainer! serum T in the 
physiological range. The decline in serum LH levels was associ· 
ated with reduc.:!d 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 Ilg/day Ag and were less 
than 50% of the pre·Ag responses in monlleys treated with 5-10 
leg/day Ag. 

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

WE AND others have found that continuous infu
sion of GnRH agoniJts (Ag) induced azoospermia 

in monkeys (1, 2), and that spermatogenesis could not 
be reinitiated by t.estosterone (T) administration to 
maintain ejaculatory behavior (1). However, T treatment. 
initiated at the beginning of Ag administration attel1-
uated the effect of the agonist on spermatogenesis (3). 
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T supplementation became Ilzoospermic (mean time to onset, 
12.6 weeks). Four of five monkeys treatec with 5-10 Ilg/day Ag 
also had azoospermic ~jaculates 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 quc.lity of semen samples taken from oligospermic mon~eys 
was greatly reduced. The percentage of motile and percentage of 
live sperm per ejaculate, the net negative wrface charge on 
s;>erm, and the scores of sperm in the hamster oocyte penetration 
test were subnormal. T supplementation did not improve these 
measures of seme'l quality. Testicular biopsies taken at the end 
of the Ag administration period from monkeys given 25 Ilc/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 tc.. be inf1uenc~d 
by T replacement. These results do not. support the conclusion 
of o'.her 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 he 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 
wit.h 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 import.ant 
questions about the feasibility of using GnRH anaJogs 
for male contraception. 

In men Ag administration not only greatly reduces 
serum T levels but also causes symptoms of l:ypogonad
ism (hot flushes, loss oflibido and potency) (5). Androgen 
therapy is necessary to maintain libido and potency. 

'1)1/ 
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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 admii1istration would induce azo
ospermia in the primate. In this study, therefore, we 
tested the effect of administration of Ag with and without 
T replacement t.herapy on reproductive function in mon
keys. A second objective of this study was to determine 
the potential fertilizing capacity of sperm from Ag
treated oligospermic monkeys, since we recently found 
that sperm that appeared normal in morphology and 
motility from GnRH antagonist-treated animals may 
have reduced fertilizing potential (2). 

Materials and Methods 

Fifteen adult male monkeys (Macaca mulatta), ranging in 
weight from 6.7-10.9 kg and housed singly in a controlled 
environment (temperatllre, 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 1 were 
treated with 25 I-/g/dr,y Ag (D-Trp6-N-a-Me-Leu7-des GIyJ()_ 
Pr09·NH EtGnRH; Wy-40972. Wyeth Laboratories. Philadel
phia. PAl for 44 weeks using Alzet osmotic minipumps (2ml-4, 
Alza Corp .• Palo Alto, CAl. 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 
rm: in, 0.335 em). One elastomere of T was implanted in each 
animnl. Group 3 received [, I-/g/day Ag for 24 weeks and then 
10 I-/g/dny Ag for an additional 20 weeks using minipumps. 
These low Ag dosages were chosen to produce prolonged oli
gospermiu before the onset of azoospermia. so that the potential 
fertilizing capacit.y of recovered sperm could be more fully 
assessed. 

Surgical implantation 0.' minipumps and T elastomers 

Animals were anesl.hetized with 10 mg/kg BW ketamine 
HCI, and the minip11mps 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 .. ~<1 ± 0.01 (SEM) mL. This vQ)ume did 
not differ significantly between treatment groups or individual 
animals. 

Blood and semen sampling .~chedule 

Blood samples were taken at weeldy intervals during a 5-
week control period, on treatment. days 2 and 7. and then 

weekly throughout the 44-week Ag administration and the 20-
week recovery periods. 

Semen samples were collected by penile electrostimulativn. 
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 of 
live sperm. 

Net surface charge on sperm 

Sperm samples were washed, fixed in 2% glutaraldehyde, 
and exposed to colloidal iron on carbon plates. as previously 
dE-scribed (9). The specimens were examined !It 25 kV at a 35" 
takeoff angle in an lSI DS 130 scanning electron microscope 
(International Scientific Inst., Miltit!ls, CAl. The energy dis
persive x-ray spt!ctra of the sperm head were obtained using a 
Tracor Northern 5500 analyser. The energy spectrum of the )C

rays emitted. characteristic of an element, was used to identify 
the clements present. The peaks derived from Na (1.041 keV), 
P (2.015 keV). S (2.308 keV), CI (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 these of the other elements (Fe/Na. p. 
K. CI, S, Ca X 100). Duplicate samples were analyzed, and 100 
sperm were measured in each sample. 

Hamster ova penetration assay (SPA) 

The SPA was performed basically as described prevIOusly 
(l0) 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
ratio., of the oocytes and by extending the incubation time 
beforl! reading the assay results. Briefly. oocytes were recovered 
from superovulated hamsters (25 IU PMSG, ip, followed by 50 
Ilf 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 solution 
in Dulbecco's medium for 10 min. After the zonae were dis
solved. the denuded oocytes were transferred to Ham's F-I0 
medium containing 10% human cord serum. After washing, 10-
30 oocytes were incubated in 0.5 mL culture medium in an 8-
well 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 sample!:! were washed twice 
in Ham's F-I0 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. 

Pituitary and testicular responses to GnRH 

During the control period and at <1 -week intervals throughout 
Ag administration and recovery periods, animals were anesthe
tized with 10 mg/kg BW ketamine HCI and injected iv With 25 
I-/g 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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Testicular volumes and biopsies 

Testicular volume was determined at monthly intervals, as 
previously described (2). Testicular needle biopsies were per
formed on OnE, testis f,'om 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 (l :). 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 J.lg/mL LH. The coefficients of 
variation did not differ significandy over the usable portion of 
the LH stand~\rd curve (0.2-10 J.lg/mL). The sensitivity of the 
LH assay was 0.2 J.lg/mL. Serum T concentrations were meas
ured in duplicate by RIA, as previously described (12). The 
intra- and intcrnssay 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 T assay was 0.5 ng/mL. 

Statistics 

The data were evaluated using either analysis of variance 0,' 

:/ test (SPA, frequency of elcctroejaculation). 

Results 

Animals in group 1 were given 25 J.Lg/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 J.Lg/day Ag for 24 weeks, 
then 10 J.Lg/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 J.Lg/mL) 
in four of the five monkeys in group 1 (Fig. lA, 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. lA, bottom). The fifth animal (no. 4960) 
had normal serum T levels after the initial increase. In 
the group 2 monkeys, the changes in serum LH were 
similar to those in the four responsive monkeys in group 

1. The senlm 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. 
IB). The monkeys in group 3 had an initial rise in serum 
LH and T levels similar to that. ill group 1 (Fig. Ie), but 
there was less suppression of serum LH and T levels 
thereafter. 

Serum LH and T concentrations increased soon after 
the termination of Ag administration and were similar 
to pretreat.ment values within 10-12 weeks (Fig. 1). 
Serum LH and T levels were supranormal for 10 weeks 
in groups 1 and 2 (Fig. I, A and e). ThE! group 3 animals 
had supranormal serum LH but normal serum T levels 
during this period (Fig. Ie). 

Pituitary and testicular responses to GnRH 

The serum LH and T responses to 25 J.Lg 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 grnup 1 had significant, but reduced, serum 
LH and T responses to GnRH administration through
out the Ag administration period (data not shown). In 
the 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 discontin
uation 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 administrat.ion, followed by a rapid decline to a pla
teau after 10 weeks in all three groups (Fig. 3). The 
decline (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 a minimal decrease in testicular 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. 



1218 MANN ET AL. JCE& M·1987 
Volli5· No 6 

A B c 

~ . 
co 
.:! • 
:I: 
..I • 

Nr---------------------~ 

~ .. 
co 

-= 

II 

TIME fl'IHI TIME (WKI TIME (WKI 

FIG. 1. Mean (±SEM) serum LH (top) and T (bottom) concentrations in monkeys hefore and during 44 weeks of Ag administration and during a 
20-week recovery (R) period. A, Group 1 animals given 25 }lg/day Ag; B, group 2 animals given 25 pg/d!lY Ag and T; C, group 3 animals given 5 
}lg/day Ag for 24 weeks and then 10 pg/day Ag for 20 weeks. For LH, ng/mL = }lg/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 wnen azoospermia was achieved in 
this group because two of the monkeys did not have a 
consistent ejaculatvry response before the onset of azo
('spermia. The fifth animal (no. 4960) in this group never 
had azoospermia, although one azoospermic sample was 
collected during the recovery period. All five monkeys in 
group 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
men~ 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-
111al) and contained a subnormal number of live sperm 
«30%). 

In eight of the nine monkeys in gTOl1PS 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 lOB million/ 
mL) and normal percentages of motile and live sperm. 

Figure 4 (bottom) shews the mean sperm counts in the 
five monkeys in group 3. Mean sperm counts were lower 
than control h:vds 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 animals 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 9004 
± 1.6% (±SEM) and 87.6 ± 1.1:.%, 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 iast 
12 weeks of the treatment period (mean percentage of 
motik C::!lerm: 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 
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FIG. 2. Mean (±SEM) serum LH (top) and T (bottom) responses of 14 
monkeys to an iv bolus dose of 25 I'g GnRH rluring the control period 
(PRET), at 12·week intervals during administration of 25 I'g/day Ag 
(group 1),25 I'g/day Ag and T (In-OUP 2), or 5-10 pg/day Ag (group 3), 
and at 8 weeks of the recovery period. For LH, ng/mL = pg/L. To 
convert T concentrations from ng/mL to nmol/L, multiply by 3.467. 

hamst.er oocytes compared to control samples (by x2
, 

P < 0.05 for group 1 and P < 0.005 for group 2). Overall, 
there was no significant change in the SPA for group 3. 
The SPA was performed on semen samples from all 
monkeys again at 20 weeks of the recovery period. By 
that time, sperm samples from 8 of 10 monkeys in groups 
1 and 2 had a normal penetration score. The 2 monkeys 
with a subnormal SPA score at 20 weeks of recovery 
were retested 5 weeks later and had a normal SPA score. 

There was an unimodal distribution of net llegative 
surface charge on rhesus monkey sperm (Fig. 6). The 
observed distribution of the number of sperm showing a 
given percentage of iron did not differ from the calCulated 
normal distribution when tested by x2

• The predominant 
charge of the sperm samples taken during the control 
period, expressed as the percentage of iron bound to the 
surface relative to the other elements, was 48.8 ± 1.7%. 
Ag admi!1istration caused a reduction in net negative 
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FIG. 3. Mean (±SEM) testicular volume in three ~oups of monkeys 
during the control period (0), at 2- or 4-week btervals during the 
administration of 25 pg/day Ag (group 1), 25 pg/day Ag and T (group 
2), or 5-10 pg/day Ag (group 3), and at 4 and 8 weeks of the recovery 
(R) period. 

TABLE 1. Effect of Ag and T administration on the percent success of 
penile electroejaclllation 

Group 1,25 
pg/day Ag (n 
= 5) 

Group 2,25 
pg/day Ag + 
T(n = 5) 

Group 3, 5-10 
pg/day Ag (n 
= 5) 

Treatment (weeks) 
Pretreatment ---------------- -Recovery 

1-12 13-24 25-36 37-44 

94 96 70· 47b 50' 91 

95 93 100 83 87 

95 90 80 71 47' 87 

-----------------------------------
• Significantly different from the pretreatment value, P < 0.025. 
b Significantly different from the pretreatment value, P < 0.005. 
, Significantly different from the pretreatment valllr, P < 0.005. 
d Significcntly different from the pretreatment value, P < 0.05. 
, Significantly different from the pretreatment value, P < 0.005. 

charge on sperm in all three treatment groups. In animals 
in group 3, the percentage of iron on the surface declined 
from a control level of 48.8 ± 4.4% to 27.4 ± 2.1 % (P < 
0.001), compared to a decrease from 45.8 ± 2.2% and 
51.7 ± 2.6% to 33.9 ± 4.5% (P = 0.045) and 33.0 ± 3.2% 
(P = 0.001) in groups 1 and 2, respectively. T mainte
nance therapy did not Alter the effect of Ag on the net 
surface charge on sperm. 

Testicular histology 

Animals in groups 1 and 2 had severe hypospermato
genesis after 44 weeks of Ag administration comparable 
to that previously reported after short term (20 week) 
treatment with the same GnRH analog (2). While the 
degree of inhibition of spermatogenesis varied from mon-
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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
fication was observed. Morphologically, testicular biop
sies from groups 1 and 2 were indistinguishable (Fig. 7). 
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.). 
at intervals during the administration of 25 p.g/day Ag (group 1; top). 
25 p.g/day Ag and T (group 2; middle). or 5-10 p.g/day Ag (group 3; 
bottom). and at 20 weeks of the recovery (Ree.) 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 rrroup 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, 
and only a few late stage spermatids. One animal in this 
group had suppression of spermatogenesis c:omparable to 
that 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. 

/1\1 
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FIG. 6. Mean (±SEM) net negative sur· 
face charge on sperm measured indio 
rectly subcequently to the attachment of 
positively charged colloidal iron to the 
surface of sperm. The data arc presented 
as the percentage of iron relative to the 
other elements on the sperm surface us. 
the percentage total of sperm counted 
(lOO/sample). The surface charge on 
sperm was measured on 17 samples from 
9 monkeys during the control period and 
again on 26 samples between 5 and 10 
weeks of administration of 25 /lg/day Ag 
(group 1; n = 11 samples from 3 mono 
keys), 25 /lg/day Ag and T (group 2; n '" 
8 samples from 3 monkeys), and 5 /lg/ 
day Ag (group :J; n = 7 samples from 3 
monkeys). 
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Body weights did not change In any of the three 
treatment groups. 

Discussion 

The results of this st~dy clearly show that azoospermia 
can be induced in rhesus monkeys treated with 25 JIg/ 
day Ag and simultaneously given T to maintain the 
ejaculatory response. T administration did not attenuate 
the response to the analog, as reported previously (3, 4). 
Monkeys treated with Ag and T exhibited desensitization 
of the pituitary to GnRH and a decline in serum LH 
values to near-minimal levels of detection as rapidly as 
animals treated with Ag alone. Moreover, the rate of 
decrease and the lower testicular volume achieved during 
Ag treatment were not affected by T administration. 
Azoospermia occurred in all animals treated with Ag by 
16 weeks (mean, 12.6). It was not possible to compare 
the time of onset of azoospermia with that in animals 
treated only wit.h 25 JIg/day Ag, because two of the four 
monkeys that became azoospermic in the latter group 
also had a decreased sensitivity to electrocjaculation 
before their first azoospermic ejaculate. However, dll four 
ar,imals in this group were azoospermic by 21 weeks of 
treatment, suggesting that the times of onset of azoosper
mia were similar in animals treated with 25 JIg/day Ag 
alone or with T. Thus, our data do not support the 
conclusion of other investigators (3, 4) that the admin
istration of physiological doses of T to maintain libido 
and potency interferes with the induction of azoospermia 
with a GnRH analog. 

The reason for the discrepancy between these and 
previous results in monkeys (3, 4) is not readily apparent. 
Ag administration was terminated at 22 weeks in the 
previous study, so azoospermia might have been achieved 
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if the treatment period had been prolonged. However, all 
five monkeys treated witil Ag and T in our study were 
azoospermic by 16 weeks. T administration reinitiates 
spermatogenesis in pituitary stalk-sectioned monkeys 
and stimulates spermatogenesis in immature monkeys 
(13, 14). However, the circulating T levels needed to 
initiate spermatogenesis were 10- to 20-fold higher than 
those found to maintain the ejaculatory response in our 
study and the previous report (3). Moreover, circulating 
T concentrations were comparable in the two studies (3). 
Thus, differences in maintenance doses of T may not 
account for the conflicting results. One major difference 
between the two studies is the use of different Ags. 

One of the monkeys treated with 25 ,ug/day Ag alone 
never became azoospermic. Moreover, the pituituty uf 
this animal continued to show significant, although re
duced, serum LH and T responses to GnRH. We have 
treated 18 male monkeys with 25 JIgjday Ag; this is the 
first animal that had a reduced response to this analog. 
In fact, 4 of 5 monkeys treated with first 5 then 10 JIg/ 
day Ag in this study had a number of azoospermic 
ejaculates during the late treatment and early recovery 
periods. We have no explanation for the apparent insen
sitivity of this 1 animal to the analog. It is unlikely that 
minipump malfunction explains the failure of this mon
key to respond, since residual volumes of Ag remaining 
when the minipumps were removed did not vary signifi
cantly from pump to pump. 

Earlier data frum clinical trials in humans suggested 
that it might not be possible to induce azoospermia with 
Ag (5, 6, 15, 16). However, these studies were of limited 
duration (10-20 weeks), and except for the third study, 
the agonist was administered by daily sc injection, a 
method less effective than continuous administration (4, 
17). In all of these studies, oligospermia, but not azo
ospermia, was achieved. Two recent reports (18, 19) offer 
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FIG. 7. Testicular histology in male rhesus monkeys. A, Before Ag 
ddministration (X200); B, after 44 weeks of 25 JIg/day Ag (X200); C, 
after 44 weeks of simultaneous treatment with 25 JIg/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

Trpu-GnRH agonist injected sc in biodegradable micro
spheres that released 100 Jlg agonistjday. One group 
received low dose androgen replacement sufficient to 
maintain serum T levels in the 1-3 ng/mL (3.5-10.4 
nmoIjL) range. A second group received a higher dose 

that maintained T values in the 2-5 ngjmL (6.9-17.3 
nmoljL) range. Androgen therapy was begun 40 days 
after the beginning of agonist treatment. Four of th€ five 
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 continued 
for 35 weeks. Swerdloff et al. (19) found that 400 Jlgjday 
of an agonist given by constant infusion plus 200 mg T 
enur.t hate given by im injection every 2 weeks resulted 
in azo\)spermia in three of seven men. These results 
suggest that azoospermia can be achieved in men with 
GnTi}' analog administration even if androgen replace
ment is provided to maintain libido. The dose of andro
gen 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 refractiveness to 
electroejaculation despite 'I:' 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 Eecre
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 levelf'. during the pre
treatment period. These levels ~ay be less than the mean 
24-h value and may not be sufficient to maintain the 
ejaculatory response. The critical aspect of T in main
taining 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 pert::entages 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 
Jlgjday Ag also had a reduced ability to !1p.netrate 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 potcrttial fertilizing capacity of the semen. 

Sperm undergo significant changes during develop
ment and maturation within the testes and epididymis. 
Many of these chaI"ges occur on the sperm surface and 
are related to the acquisition of fertilizing capacity (24-
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27). There is an i!1crease 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 tb .qbility to 
penetrate hamster oocytes suggest a signi:ir.e'lt decline 
in tho. potential fertilizing cepacity of spenn from the 
oligospermic male treated with Ag. 

Based on the work of Tezon et at. (29), a change in tile 
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 
administratwn. This hypothesis is not supported by our 
Juta, since'.! 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 provide 
adequate T levels to the epididymis. Alternatively, a 
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 dORs 
monitor 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 chRrge, 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 E.zuospermic generally contain only Sertoli cells 
and a few spermatogonia and spermatocytes. No later 
stages of spermat.ogenesis 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. 

Acknow ledgments 

We thank Wyeth Laboratories for providing the Ag used in this 
study, and the NIDDK for providing the rh~sus monkey pituitary 
reference preparation (LER·1909·2) used in the LH bioassay. The 
skilled technical assistance of Ms. Janice Tittle and Mr. Thomas 
Buckner is gratefully acknowledged. 

References 
1. Akhtar FB, Marshall GR, Wickings EJ, Nieschlag E 1983 Revers

ible induction of azoospermia in rhesus monkeys by constant 
infusion of a gonadotropin'releasing hormone agonist usir.g os
motic minipumps. J Clin Endocrinol Metab 56:534 

2. Mann DR, Smith MM, Gould KG, Collins DC 1985 Effec~ of II 
gonadotropin-releasing hormone agonist on luteinizing hormone 
(And testosterone secretion and testicular histology in male rhesus 
monkeys. Fertil Steril43:115 

3. Akhtar FB, Marshall GR, Nieschlag E 1983b Testosterone supple
mentation attenuates the antifertility effects of an LHRH agonist 
.n male rhesus monkeys. Int J Androl 6:461 

4. Nieschlag E, Akhtar FB, Schurmeyer T, Weinbauer GF 1984 
LHRH agonists and antagonists for male fertility control: experi
ments in monkeys and men. In Labrie F, Belanger A, Dupont A 
(eds) LHRH and Its Analogues: Basie and Clinical Aspects. Ex
cerpt Med Ser 656, Elsevier, Amsterdam, p 277 

5. Linde R, Doelle GC, Alexander N, Kirchner F, Vole W. Rivier J, 
Rabin D 1981 Reversible inhibition of testicular steroidogenesis by 
a potent gonadotropin-releasing hormone agonist in normal men. 
N Engl J Med 305:663 

6. Doelle GC, Alexander AN, Evans RM, Linde R, Rivier J, Vale W, 
Rabin D 1983 Combined treatment with an LHRH agonist and 
testosterone in man. J Androl 4:298 

7. Heber D, Swerdloff RS 1980 Male contraception: synergism of 
gonadotropin-releasing hormone analog and testosterone in sup
pressing gonadotropin. Science 209:936 

8. Heber D, Swerdloff RS 1981 Gonadotropin-releasing hormone 
analog and testosterone svnergistically inhibit spermatogenesis. 
Endocrinology 108:2019 

9. Gould KG, Young LG, Hinton BT 1984 Alteration in surface charge 
of chimpanzee sperm durir,g epididymal transit and at ejaculation. 
Arch Androl [Suppl] 12:9 

10. Yanagimachi R, Yanagim::chi H, Rogers BJ 1976 The use ofzona
free animal ova as a test system for the assessment of the fertilizing 
capacity of human spermatozoa. BioI Reprod 15:471 

11. Van Dumme M-P, Robertson DM, Diczfalusy E 1974 A..'l improved 
in vitro bioassay method for measuring luteinizig hormone (LH) 
activity using mouse Leydig cell preparations. Acta Endocrinol 
(Copenh) 77:655 

12. Pe18chio AA, Alexander M, Marr L, Collins DC 1977 Diurnal 
variations of serum testosterone levels in intact and g0nadecto
mized male and female rheeus monkeys. Steroids 29:21 

13. Mars:lall GR, Wickings EJ, Ludecke DK, Nieschlag E 1983 Stim
ulation of spermatogenesis in stalk-sectioned rhesus monkeys by 
testosterone alone. J Clin Endocrinol Metab 57:152 

14. Marshall GR, Wickings EJ, Nieschlag E 1984 Testosterone can 
initiate spermatogenes!s in an immature nonhuman primate Ma
caca fascicularis. Endocrinology 114:2228 

15. Schurmeyer Th, Knuth UA, Fresichem CW, Sandow J, Akhtar FB, 
Nieschlag E 1984 Suppression of pituitary and testicular function 
in normal men by constant gonadotropin-releasing hormone ago
nist infusion. J Clin Endocrinol Metab 59:19 

16. Bhasin S, Heber D, Steiner BS, Handelsman DJ, Swerdloff RS 
1985 Hormonal effects of gonadotropin-releasing hormone (GnRH) 
agonist in the human male. III. Effects of 10nJ-term combined 
treatment with GnRH agonist and androgen. J Clin Endocrinol 
Metab 60:998 

17. Mann DR, Gould KG, Collins DC 1984 Influence of continuous 
gonadotropin-releasing hormone (GnRH) agonist treatment on 
luteinizing hormone and testosterone secretion, the response to 
GnRH, and the testicular response to human chorionic gonadotro
pin in male rhesus monkeys. J Clin Endocrinol Metab 58:262 

18. Bouchard P, Blondet ~, Brailly S, Schaison G 1986 Role oftestos
terone in human spermatogenesis-effect of GnRH agonists. Ann 
Endocrinol (Paris) 47:286 

19. Swerdloff RS, Steiner BS, Bhasin S 1985 Gonadotropin releasing 
hormone (CnRH) agonists in male ':ontraception. Med BioI 63:218 

20. Steinberger A, Steinberger E 1973 Hormonal control of mammalian 
spermatogenesis. In Segal SJ, Crozier R, Corfman PH, Condliffe 
PG (eds) The Regulation of Mammalian Reproduction. Thomas, 



1224 MANN ET AL. JCE& M 01987 
Vol6S o No6 

Springfield, p 139 
21. Cunningham GR, Huckins C 1979 Persistence of complete sper

matogenesis in the presence of low intratesticular con.:entrations 
of testosterone. Endocrinology 105:177 

22. Huang HFS, Nieschlag E 1986 Suppression of the intratesticular 
: ,'.;( Jsterone is associated with quantitative changes in spermato
i",c.nial populations in intact adult rats. Endocrinology 1l.8:619 

23. Gould KG, Martin DE 1975 SEM/EDX: A tool of potential diag
nostic value in cases of infertility. J Reprod Med 14:197 

24. Bedford JM 1975 Maturation, transport and fate of spermatozoa 
in the epididymis. In Astwood E, Greep RO (eds) Handbook of 
Physiology. Section 7, vol V, The Williams & Wilkins Company, 
Baltimore, p 303 

25. Young LG, Hinton BT, Gould KG 1985 Surface changes in chim
panzee spermatozoa during epididymal transit. BioI Reprod 32:399 

26. Fain-Maurel MA, DaDoune JP, Roger JF 1984 A cytochemical 
study on surface changes and lectin binding sites in epididymal 
and ejaculated spermntozoa of Macaca /asicularis. Anat Rec 208:375 

27. Olson GE, Orgebin-Crist MC 1982 Sperm surface changes during 
lpididymal maturation. Ann NY Acad Sci 388:372 

28. Yanagimachi R, Noda YO, Fujimoto M, Nicolson GL 1972 The 
distribution of negative surface charges on mammalian spermato
zoa. Am J Anat 135:497 

29. Tezon J, Hamella E, Cameo M, Vazquez M, BJaquirr J 1985 
Immunochemical localization of secretory antigens in the human 
epididymis and their association with spermatozoa. BioI Reprod 
32:591 

30. Ausmanas M, Tureck RW, Blasco L, Kopf GS, Ribas J, Mas
troianni L Jr 1981) The zona-free hamster egg penetration assay as 
a prognostic indicator in a human in vitro fertilization program. 
FertiJ Stel'il 43:433 

31. Wolf DP, Sokoloski JE, Quigley MM 1983 Correlation of human 
in vitro fertilization with the hamster egg bioassay. FertiJ SteriJ 
40:53 

32. Rogers BJ 1985 The sperm penetration assay: its usefulness ree
valuated. Fertj) Steril 43:821 


