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Sex steroid-based male contraceptive regimens do not induce
consistent azoospermia. The reason for this variable response
is obscure. We used normal adult male monkeys, Macaca fascicularis (n ⴝ 9) as a model of testosterone (T)-induced
gonadotropin suppression to understand the basis for variability in spermatogenic suppression during hormonal contraception. As observed in men, T administration to these
monkeys induced azoospermia in some animals and variable
degrees of spermatogenic suppression in others. Based on
their sperm counts, we divided these animals into two groups:
azoospermic (azoo; n ⴝ 4) and nonazoospermic (nonazoo; n ⴝ
5) groups. Sperm density, testis volumes, and serum T, bioassayable LH (bioLH), immunoassayable FSH (immunoFSH),
bioassayable FSH (bioFSH), and inhibin B were examined
every 2 wk during the control period, 20 wk of T administration using SILASTIC brand (Dow Corning Corp.) implants,
and recovery. Testes were biopsied for estimation of intra-
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testicular T, dihydrotestosterone, and 5␣-androstane-3␣,17␤diol. Serum T levels increased 1.5- to 2-fold, leading to decreased bioLH levels (48% of control) and intratesticular T
levels (15% of control); neither LH nor intratesticular T levels
differed between the azoo and nonazoo groups. In contrast,
serum levels of FSH, by both bio- and immunoassay, during T
administration were significantly lower in the azoo than in
the nonazoo group. These results suggest that the degree of
suppression of spermatogenesis is closely related to the degree of suppression of FSH levels and not to the levels of
intratesticular androgens or to serum LH. These results imply
that FSH plays a key role in supporting spermatogenesis in
monkeys in this experimental regimen and suggest that maximal suppression of FSH may be essential to ensure consistent
azoospermia in men during hormonal contraception. (J Clin
Endocrinol Metab 87: 3399 –3406, 2002)

there are very limited data showing the site(s) of inhibition
of germ cell development during hormonal suppression.
The present study used nonhuman primates to investigate
the relative importance of serum FSH and intratesticular
androgens in maintaining low levels of spermatogenesis during gonadotropin suppression. In particular, we wished to
assess whether variability in sperm production is due to
differences in FSH levels or in the levels of intratesticular
androgens. With respect to sites of inhibition of germ cell
development, we have recently published data revealing that
during T-induced gonadotropin suppression, azoospermic
monkeys have more profound inhibition of early germ cell
development than nonazoospermic monkeys (12). Data from
these studies in monkeys will not only improve our understanding of hormonal control of primate spermatogenesis,
but also help in optimizing the efficacy and acceptability of
future hormone-based contraceptive regimens for men.

DMINISTRATION OF exogenous testosterone (T), either alone or in combination with other agents, produces profound suppression of spermatogenesis by inhibition of pituitary gonadotropins and depletion of testosterone
within the testis (1–5). This approach is currently being investigated as a method of hormonal contraception for men.
A consistent problem associated with T-based contraceptive
regimens is that azoospermia is achieved in 40 –90% of men,
but a varying degree of spermatogenic suppression is seen
within and between various ethnic groups (6, 7). The reason
for this variation remains unknown, but it is a critical question in designing and developing future hormonal contraceptives for men.
A possible mechanism for such variation could be differences in residual testicular steroidogenesis (8); it remains
controversial whether FSH levels in blood are important (5,
9) or not (10, 11) in the maintenance of sperm production in
some men. There is a lack of evidence about the potential role
of intratesticular androgens in the maintenance of spermatogenesis during hormonal contraceptive regimens. Also,

Animals

Abbreviations: Adiol, 5␣-Androstane-3␣,17␤-diol; bioFSH, bioassayable FSH; bioLH, bioassayable LH; immunoFSH, immunoassayable
FSH; DHT, dihydrotestosterone; T, testosterone; TB, testosterone
buciclate.

Nine normal adult male crab-eating macaques (Macaca fascicularis),
ranging in age from 5–12 yr (7.89 ⫾ 0.94) and in weight from 5–9 kg
(6.18 ⫾ 0.41) and with sperm counts of approximately 60.7 ⫾ 17
millions/ejaculate, were used for the study. Animals were housed in the
Washington Regional Primate Research Center at the University of
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Washington under defined environmental conditions (25.5 ⫾ 1 C; 65%
relative humidity; lights on at 0600 h, off at 1800 h). In addition to
monkey chow, animals received fresh fruits, vitamins, and iron injections. Water was provided ad libitum. The monkeys employed in this
study have been described in our previous report (12). All procedures
were performed in accordance with the Endocrine Society Guidelines for
the Care and Use of Experimental Animals (13) and were reviewed and
approved by the Primate Center and the institutional animal care committee at University of Washington. Animals were sedated with ketamine HCl (10 mg/kg, im; Ames, Fort Dodge, IA) anesthesia for blood
draws, electroejaculations, and insertion and removal of T implants.
Diazepam (1 mg/kg, im; Elkins-Sinn, Inc., Cherry Hill, NJ), was given
before ketamine HCl to all monkeys for the electroejaculation procedure.

Drug administration
T (4-androsten-17␤-ol-one; Sigma, St. Louis, MO) was administered
via SILASTIC brand implants (Dow Corning Corp., Midland, MI; 5.5 cm
long; dimensions: inside diameter, 0.33 cm; outside diameter, 0.46 cm)
for 20 wk. The implants were sterilized with ethylene oxide and were
rinsed in sterile saline; two implants were inserted sc in the midscapular
region of each animal (14). The study had three phases: control (4 wk),
treatment (20 wk), and recovery (16 wk).

Parameters examined
Body weights, testicular volumes, and sperm counts. Body weight, testis
volumes, and sperm counts were measured every 2 wk during control,
treatment, and recovery periods. The values represented as treatment
wk 0 are the mean of two values obtained during the control period.
Testis volumes were measured using an orchidometer. To avoid any
interobserver variation during the study, the same person measured
testis volume each time. Seminal fluid was collected by rectal probe
electroejaculation. Total sperm counts were determined in both exudate
and coagulum using a hemocytometer and are expressed as spermatozoa ⫻ 106/ejaculate (14). The criteria for azoospermia and nonazoospermia were taken from the WHO manual for semen analysis (15).
Serum hormones. Blood samples were collected from the femoral vein
every 2 wk during the study. Samples were drawn between 0900 –1200
h, refrigerated overnight at 4 C, and centrifuged at 1500 ⫻ g for 15 min,
and the sera were separated and stored at ⫺20 C until hormone analysis.
T was measured in duplicate by Delfia immunofluorometric assay (Wallac, Inc., Turku, Finland). The detection limit of the assay was 0.5 nmol/
liter. The intra- and interassay coefficients of variation were 5% and 10%,
respectively. Immunoassayable FSH (immunoFSH) was measured by
the method described by Ramaswamy et al. (16) using new homologous
RIA reagents supplied by the National Hormone and Pituitary Program.
Recombinant cynomolgus FSH (NICHHD Rec-MoFSH-RP-1, AFP
6940A) was used as a reference preparation. The minimal detectable
dose was 0.06 ng/ml. The intra- and interassay coefficients of variation
were less than 5% and 8%, respectively. The bioFSH levels were determined by an in vitro FSH bioassay that uses a granulosa tumor cell line
from ovarian tumor of transgenic mice expressing inhibin ␣-promoter/
simian virus 40-TAg fusion gene. This cell line was stably transfected
with recombinant human FSH receptor and was used to develop in vitro
bioassay for FSH. The FSH response was measured based on cAMP
production by the granulosa cells (17). The recombinant human FSH
(biopotency: 1 mg ⫽ 10,000 IU; Gonal-F, Serono, Randolph, MA) was
used as the standard. This standard is 1.8 times more potent than recombinant cynolomolgus monkey FSH (NICHHD, Rec. MoFSH-RP-1,
AFP 6940A). The detection limit of the assay was 0.08 IU/liter, and the
intra- and interassay coefficients of variation were 8% and 13%, respectively. Postmenopausal and castrated monkey sera exhibited parallel
dose-response curves. This assay system is highly specific for FSH, and
no significant increase in cAMP was discerned with hCG, LH, TSH, GH,
and PRL. Inhibin B was assayed by a two-site ELISA using reagents from
Serotec’s kit (Oxford, UK) for inhibin B (18). The intra- and interassay
coefficients of variation were 9.2% and 7.9%, respectively. The bioassayable LH (bioLH) levels were measured using a modification of procedures described by van Damme et al. (19) and Dufau et al. (20). This
assay quantitates the LH-dependent secretion of T from dispersed
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mouse Leydig cells in the primary culture and has been shown to be
suitable for monkey blood (21). The detection limit of the assay was 0.03
g/ml. The intra- and interassay coefficients of variation were 12% and
15%, respectively.
Testis biopsies. Open testicular biopsies were performed alternatively on
the right and left testes in each animal under aseptic conditions.
Ketamine/xylazine (70 mg/ml ketamine and 6 mg/ml xylazine) anesthesia was given at a dose of 0.1 ml/kg body weight. All animals were
biopsied 4 wk before the treatment (control); at treatment wk 2, 14, and
20; and at 12 wk posttreatment. Approximately 300 –500 mg tissue were
removed and then divided in half. One half was fixed for 5– 6 h in Bouin’s
fluid for histology and quantitation of germ cell number (12); the other
half was snap-frozen in liquid nitrogen for the measurement of testicular
androgens.
Estimation of testicular androgens. Androgens [T, dihydrotestosterone
(DHT), and 5␣-androstane-3␣,17␤-diol (Adiol)] were extracted from the
testicular tissue (70 –220 mg tissue/monkey), separated by HPLC, and
quantified by RIA as previously described (22). Briefly, HPLC-purified
samples were resuspended in assay buffer [0.1% (wt/vol) gelatin in 0.1
m PBS (0.154 m NaCl, pH 7.4)]. The primary antibody, Cox 0457 (Sirosera,
Sydney, Australia), was diluted 1:400,000 in 1:800 normal sheep serum,
and tracer was iodinated histamine-T (10,000 cpm/100 l). Standard
curves were constructed using T (1.0 –250 pg/tube), DHT (1.0 –250 pg/
tube), or Adiol (3.9 –1000 pg/tube). The assay (final volume 400 l/tube)
was incubated overnight at 4 C, after which second antibody (100 l
donkey antisheep IgG diluted 1:20 in assay buffer) was added and
incubated at room temperature for 30 min. Antigen-antibody complexes
were precipitated by incubation (4 C, 30 min) with 1 ml 6% polyethylene
glycol 6000 and centrifuged (4,000 ⫻ g, 4 C, 30 min), and pellets were
consolidated by the addition of 1 ml 5% (wt/vol) potato starch followed
by recentrifugation. To follow steroid recoveries throughout processing,
9,000 –12,000 cpm radiolabeled [3H]T ([1,2,6,7,17-3H]T; 121 Ci/mmol),
[3H]DHT ([1,2,3,4,5,6-3H]DHT; 110 Ci/mmol; NEN Life Science Products, Boston, MA), and [3H]Adiol were added to each tube after homogenization. [1,2,3,4,5,6-3H]Adiol was prepared in-house from
[1,2,3,4,5,6-3H]DHT using 3␣-hydroxysteroid dehydrogenase (Sigma, St.
Louis, MO) with purification of [3H]Adiol by HPLC. The specific activities of all three tritiated tracers were determined by RIA (22) and were
shown to be 66 –110 Ci/mmol. The final potencies of T, DHT, and Adiol
in testicular samples were corrected for the added mass of the tritiated
tracers. Recoveries of added steroid 3H-labeled tracers in monkey assays
at the final RIA stage were: T, 51.2% (sd, 4.5%; n ⫽ 45); DHT, 26.4% (sd,
6.0%; n ⫽ 45), and Adiol 42.5% (sd, 5.6%; n ⫽ 45). The within-assay
variation was assessed from the coefficient of variation for the measurement of five samples from the same testis and was 17% for T and
18% for DHT. The between-assay variation in the respective assays was
based on the repeated assay of a steroid stock and was between 12–15%.
The sensitivity of the combined extraction, HPLC, and RIA components
of the assay was calculated from the sensitivity of the RIA, the average
recoveries of tritiated steroid, and the average tissue mass extracted in
the assay. These values were 0.94 pmol/liter for T, 1.2 pmol/liter for
DHT, and 2.9 pmol/liter for Adiol.

Data analysis
Animals were divided post hoc into azoospermic (azoo) and nonazoospermic (nonazoo) groups based on the response to T administration. Friedman ANOVA was used to test for significant changes in the
measured variables over time. This analysis was performed separately
on the data from two groups and on the data from nine animals combined. When significant differences over time were found, individual
Wilcoxon signed-ranks tests were used to determine the time points at
which values were significantly different from control. To test for differences between the azoo and nonazoo groups during the control,
treatment, and recovery periods, a mean value over each period was
calculated for each animal and analyzed by Mann-Whitney U test. Spearman’s rank coefficient was used to determine the relationship between
mean sperm counts and mean bioFSH levels (mean values were computed from samples collected during treatment wk 10 –16, when stable
spermatogenic suppression was achieved). Unless otherwise indicated,
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summary statistics are presented as the mean ⫾ sem and the results of
statistical tests are considered significant when P ⱕ 0.05.

Results
Spermatogenic suppression

During the entire study ejaculates were successfully obtained from all animals, and ejaculatory responses were un-

FIG. 1. Sperm counts and serum hormones in all animals (n ⫽ 9) during
20-wk T administration. A, Sperm
counts; B, serum T; C, immunoFSH; D,
bioFSH; E, inhibin B; F, bioLH. Values
are expressed as mean ⫾ SEM. *P ⬍
0.05, significant difference from control.

J Clin Endocrinol Metab, July 2002, 87(7):3399 –3406 3401

changed. The values represented as treatment wk 0 are the
mean of two values obtained during the control period. In
response to T administration, sperm counts in all animals
decreased significantly from the control value after 10 wk
(Fig. 1A). All animals showed a maximal suppression of
sperm counts between 10 –16 wk of treatment, with six animals showing at least one azoospermic sample. The average
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sperm counts were 5% of the control value at 10 wk, 8% of
the control value at 16 wk, and 13% of the control value at
20 wk. During recovery, the sperm counts of all animals
returned to control levels (Fig. 1A).
Body weight and testis volumes

During T administration there was no significant change in
body weight. The average body weights (n ⫽ 9) before treatment and after 20 wk of T administration were 6.18 ⫾ 0.41 and
6.4 ⫾ 0.47 kg (P ⫽ NS), respectively. The mean testicular size
(left plus right) during the control period was 26.5 ⫾ 2.6 ml.
During treatment, testes size was decreased significantly by 2
wk and was 44% of the control value by the end of treatment
(n ⫽ 9; data not shown). A complete recovery in testis volume
was observed after cessation of treatment.
Serum hormones

The serum T level during the control period was 32.7 ⫾
5.76 nmol/ml (n ⫽ 9). After insertion of T implants, serum
T levels increased significantly from the control value after
1 wk of T administration. By treatment wk 2, serum T levels
reached a peak of 50.01 ⫾ 4.16 nmol/ml. Serum T levels were
maintained in that range until removal of implants (Fig. 1B).
The mean bio- and immunoFSH levels during control were
4.42 ⫾ 0.74 IU/liter and 0.32 ⫾ 0.04 ng/ml (n ⫽ 9), respectively. During T administration, immunoFSH decreased significantly after 1 wk, and a significant decrease in bioFSH
levels was observed after 2 wk of T administration. A maximal suppression of both immuno- as well as bioFSH was
observed between 10 and 20 wk of T administration. During
that time, bioFSH levels were decreased in the range of
30 – 40%, and immunoFSH levels were decreased to 30 – 60%
of the control value (Fig. 1, C and D). The inhibin B level
during the control period was 752 ⫾ 106 pg/ml (n ⫽ 9) and
decreased significantly after 2 wk of T-induced gonadotropin
suppression. Nadir inhibin B levels were observed between
10 and 20 wk; during that time, inhibin B levels were approximately 40% of the control value (Fig. 1E). The mean
bioLH levels during the control period was 0.6 ⫾ 0.09 g/ml.
BioLH levels decreased significantly after 1 wk and remained
in the range of 10 –30% of the control value through wk 18
of treatment. At wk 20, the bioLH levels slightly rebounded
and were 48% of the control value (Fig. 1F). All hormones
returned to the control level during the 16-wk recovery period (Fig. 1).
Intratesticular androgens

Intratesticular T, DHT, and Adiol were measured using
testis biopsies taken during control, treatment, and recovery
periods. The mean intratesticular T levels during the control
period were 859 ⫾ 327 nmol/liter testis (n ⫽ 9). After 2 wk
of treatment, intratesticular T levels dropped significantly to
15% of the control value and remained in that range until the
end of treatment (Fig. 2A). The mean DHT level was 3.59 ⫾
0.99 nmol/liter (n ⫽ 9) during the control period and did not
change significantly during T administration (Fig. 2B). The
average Adiol level during the control period was 8.44 ⫾ 2.35
nmol/liter (n ⫽ 9) and remained unchanged during treatment (data not shown).

FIG. 2. Effect of T administration on the intratesticular androgens
during control, treatment, and recovery. A, intratesticular T (n ⫽ 9);
B, intratesticular DHT (n ⫽ 9); C, intratesticular T in the azoo and
nonazoo group. □, Azoo group (n ⫽ 4); 䡵, nonazoo group (n ⫽ 5).
Values are expressed as mean ⫾ SEM. *P ⬍ 0.05, significant difference
from control.

Correlation among bioLH, bioFSH, inhibin B,
intratesticular T, and sperm counts

As we wished to understand the basis for the mechanisms
underlying inconsistent azoospermia, a correlation was
sought between nadir sperm counts in each animal (occur-
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ring between wk 10 –16 of T administration) and endocrine
markers, including intratesticular T analyzed from the testicular biopsy performed at 14 wk. A mean value of the four
serum samples collected between wk 10 –16 was determined
for each animal. No correlation was found between sperm
counts and either bioLH levels (r ⫽ 0.15; P ⫽ NS), intratesticular T (r ⫽ 0.14; P ⫽ NS), or inhibin B (r ⫽ 0.28; P ⫽ NS;
data not shown). However, a significant correlation (r ⫽ 0.73;
P ⬍ 0.05) was observed between nadir sperm counts and
bioFSH levels (Fig. 3).
Heterogeneity in response to T administration (comparison
of azoo vs. nonazoo groups)

In response to T administration there was a clear heterogeneity in the pattern of sperm suppression. Some animals
achieved stable azoospermia, whereas in other animals spermatogenesis continued, albeit at a low rate. As our main aim
was to understand the basis of variability in sperm suppression during T-based hormonal contraception, we divided
animals (n ⫽ 9) into two subgroups. Animals who achieved
stable suppression of sperm counts to azoospermia and who
had at least two consecutive azoospermic samples during the
last 10 wk of the treatment period (i.e. when nadir suppression had occurred) were classified as azoospermic (azoo
group; n ⫽ 4). Those animals who were never consistently
azoospermic in the last 10 wk of treatment and who had
variable degrees of sperm suppression were classified as
nonazoospermic (nonazoo group; n ⫽ 5). The sperm counts
in the nonazoo group ranged between 1– 40% of the control.
There was no significant difference in mean sperm counts
during the control period between animals that attained
azoospermia and those that remained nonazoospermic
(81.10 ⫾ 10.26 vs. 53.18 ⫾ 27.37 ⫻ 106/ ejaculate; P ⫽ NS; Fig.
4A). In both groups sperm counts were maximally suppressed between 10 and 16 wk of treatment.

FIG. 3. Plot illustrating the relationship between bioFSH levels and
sperm counts. Each point represents the mean of four samples collected from wk 10 –16. The line indicates the least-squares best-fit
regression. The Spearman rank coefficient was rho ⫽ 0.73 (P ⬍ 0.05).
(Data from one animal that had sperm counts of zero for all four
samples were omitted from the plot, but were included in the correlation calculation.)
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Comparison of serum and testicular hormones did not
show any significant differences in the levels of intratesticular T, serum T, or bioLH between the azoo and nonazoo
groups during control, treatment, or recovery periods (Figs.
2C and 4, B and D). Although inhibin B levels decreased more
rapidly from the control value during the initial 4 wk of
treatment in the azoo group, no significant difference was
observed at either time point between the two groups during
treatment. Toward the end of treatment, inhibin B levels
in the azoo group were 38% of the control value and
approximately 42% of the control value in the nonazoo group
(Fig. 4C).
There were clear differences in the degree of FSH suppression between the two subgroups. BioFSH levels during
the control period were 4.37 ⫾ 0.83 and 4.4 ⫾ 0.7 IU/liter (P ⫽
NS) in the azoo and nonazoo groups, respectively. During
treatment, bioFSH levels decreased significantly from the
control level in the azoo group and were 26% of the control
value at the end of treatment. In contrast, the nonazoo group
showed an insignificant decrease in bioFSH levels, which
was maintained at 65% of the control level through the end
of treatment. The two subgroups were significantly different
from each other between treatment wk 6 and 20 (Fig. 4E). The
immunoFSH levels between the azoo and nonazoo groups
were 0.275 ⫾ 0.05 vs. 0.339 ⫾ 0.08 ng/ml, respectively (P ⫽
NS). In response to T administration, immunoFSH levels
decreased significantly from the control level in both groups;
however, the levels were more profoundly suppressed in the
azoo group than in the nonazoo group. The two groups were
significantly different from each other at 20 wk of treatment
(Fig. 4F). In general, the azoo group showed a more marked
suppression of FSH than the nonazoo group.
Discussion

The present study was undertaken as a part of the male
contraceptive program investigating the possible reason(s)
for variable suppression of spermatogenesis in men during
hormonal contraception. This primate model proved to be
excellent for the study of male contraception, showing
azoospermia in some animals and variable degrees of spermatogenic suppression in others. We observed that the variability in spermatogenic suppression during 20 wk of exogenous T administration is associated with differences in the
degree of FSH suppression and is not associated with differences in the intratesticular androgens or serum LH levels.
Data from this study point to the critical role of FSH in the
maintenance of spermatogenesis.
To understand the reason for the heterogeneity in sperm
suppression during hormonal contraception, we divided animals into azoospermic and nonazoospermic subgroups. We
did not see any difference in serum T either during the
control period or 20 wk of T administration. Therefore, the
variability in spermatogenic suppression cannot be explained by differences in serum T. However, comparison of
bioFSH and immunoFSH levels between the two groups
showed that FSH levels were more markedly suppressed in
the azoo group compared with the nonazoo group. These
results suggest that residual FSH levels play a key role in
supporting spermatogenesis in monkeys. Although a severe
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FIG. 4. Sperm counts and serum hormones in the azoo and the nonazoo
group. A, Sperm counts; B, serum T; C,
inhibin B; D, bioLH; E, bioFSH; F, immunoFSH. Open symbols, Azoo group
(n ⫽ 4); closed symbols, non-azoo group
(n ⫽ 5). Values are expressed as mean
⫾ SEM *P ⬍ 0.05, significant difference
from control; #P ⬍ 0.05, significant difference between the azoo and the nonazoo group.

reduction in bioLH levels was observed, there were no significant differences in the rate or the extent of suppression of
bioLH between groups.
To further clarify which hormone is important in maintaining spermatogenesis, we sought a correlation between
serum LH, FSH, inhibin B, T, and intratesticular androgens
and sperm counts during treatment wk 10 –16, when sperm
suppression reached nadir levels. We found a significant
correlation only between sperm counts and bioFSH levels.
This suggests that FSH is the factor responsible for main-

taining spermatogenesis in these monkeys. These results are
consistent with those of earlier studies using other experimental paradigms in monkeys, which demonstrated that
FSH is a prime regulator of spermatogenesis in this species.
For example, administration of FSH to either GnRH antagonist-treated (23) or normal (24) macaques fully maintained
spermatogonial numbers with a considerable increase in
spermatocytes and spermatids. Other studies in monkeys
showed that active or passive immunization against FSH
results in pronounced reduction in testis size and sperm
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counts (25, 26). In a study in hypophysectomized monkeys
it was demonstrated that T alone maintains complete spermatogenesis; however, spermatogonial proliferation was impaired in the absence of FSH (27).
In a study similar to ours using the long-acting testosterone ester, testosterone buciclate (TB), Weinbauer et al. (28)
concluded that FSH plays a key regulatory role in this contraceptive model. The researchers observed that the transient
escape of FSH suppression, unaccompanied by a rise in serum LH, resulted in the restoration of sperm numbers. These
results in monkeys are further strengthened by recent contraceptive studies in men indicating that differences in the
degree of FSH suppression may contribute to the degree of
spermatogenic suppression (5, 9). In contrast, other contraceptive studies (1, 10) in normal men showed no significant
difference in the degree of FSH and LH suppression between
azoospermic and oligozoospermic men.
These results led us to investigate further whether FSH or
other intrinsic differences are responsible for causing a variable degree of spermatogenic suppression during hormonal
contraception. To understand the biological basis of this variation, we examined testicular tissue from these animals. First,
we studied changes in germ cell development after exogenous T administration. We observed that the lower circulating FSH levels in azoospermic animals were associated with
a significant decrease in the conversion of Ap to B spermatogonia, leading to a lower number of B spermatogonia and
later germ cell types per Sertoli cell compared with the nonazoo group (12). These results suggest that the degree of FSH
suppression may be critical in determining the extent of
spermatogenic inhibition produced. Further, in support of a
role for FSH in the maintenance of human sperm production
during T treatment, it was demonstrated that FSH administration partially restored sperm production in men whose
spermatogenesis was suppressed by T administration (29 –
31). Also, studies in monkeys showed that combined administration of pure FSH and GnRH antagonist was able to
maintain the number of spermatogonia and, in part, round
spermatids, whereas in animals treated with GnRH antagonist only, the number of germ cells decreased much faster
and more markedly (24). These observations suggest that the
degree of FSH suppression may be critical in determining the
extent of spermatogenic inhibition produced.
Second, we wanted to investigate whether there is a difference in the intratesticular androgens that may cause variable suppression of spermatogenesis. Our results showed
that during T implant administration, intratesticular T concentrations decreased in both subgroups and were not statistically different. These results demonstrate that differences
in intratesticular T levels were not responsible for differences
in sperm production between the azoo and the nonazoo
groups. A similar extent of suppression of intratesticular T
levels was observed in GnRH antagonist-treated (32, 33) or
hypophysectomized (34) cynomolgus monkeys where testicular T levels did not fall below approximately 20% of
control despite a reduction in serum T to less than 5% of the
control level. In contrast, recent results reported by Weinbauer et al. (28) showed that there was no significant decrease
in intratesticular T levels (despite undetectable bioLH levels)
in normal adult monkeys treated with TB. It was interesting
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to note in the Weinbauer et al. study (28) that the higher dose
of TB, which produced a 2-fold increase in serum T, did not
produce higher intratesticular androgen levels, but provoked a more profound reduction in testis size and sperm
counts. The basis of the persistence of relatively high levels
of intratesticular T after gonadotropin withdrawal in their
study is unclear and differs markedly from our own results
and those from other studies of induced gonadotropin deficiency (32–34).
DHT is an active metabolite of T within the seminiferous
tubule (35) and is a more potent androgen than T (36). In
support of a role of DHT in heterogeneous suppression of
sperm counts in men undergoing contraception, Anderson et
al. (37) reported a significant increase in the production of
5␣-reduced androgens after prolonged T enanthate treatment in men rendered oligospermic, but not in those who
became azoospermic. The researchers speculated that DHT
may permit the maintenance of low levels of spermatogenesis in men remaining oligospermic on T enanthate treatment. In the present study we assessed whether there is any
difference in testicular DHT levels between animals who
became azoospermic and those who remained nonazoospermic. We did not see a significant decrease in testicular DHT
levels from the control level between the azoo and nonazoo
groups. A possible explanation for unchanged DHT levels
despite a 70% reduction in its substrate T could be that
5␣-reductase is up-regulated during androgen withdrawal in
the primate testis. Preliminary data in rats indicate that testicular 5␣-reductase activity is up-regulated during androgen deficiency (38); however, it is not known whether this
applies to monkeys during T administration.
In summary, administration of exogenous T to normal
adult male macaque monkeys proved an excellent model for
examining the variability in spermatogenic suppression during hormonal contraception. We observed in this model that
variability in spermatogenic suppression is not associated
with differences in residual intratesticular androgens, LH, or
inhibin B levels, but, rather, is associated with differences in
the degree of FSH suppression between azoo and nonazoospermic animals. These results suggest that FSH is a key
factor in the maintenance of primate spermatogenesis in this
setting. An implication of these results is that in human male
contraceptive studies, greater attempts should be made to
assure full suppression of FSH secretion.
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