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Testosterone functions as a contraceptive by suppressing secretion of the pituitary
gonadotropins luteinizing hormone and follicle stimulating hormone. Low levels of these
hormones decrease endogenous testosterone secretion from the testis and deprive develop-
ing sperm of the signals required for normal maturation. Interference with sperm
maturation causes a decline in sperm production and can lead to reversible infertility in
men, raising the possibility that testosterone could be utilized in a commercially available
contraceptive. To this end, testosterone has been studied alone and in combination with
either gonadotropin releasing hormone analogues or progestins in efforts to improve its
contraceptive efficacy. In this chapter, we will review efforts to use testosterone to create
a safe, convenient, efficacious contraceptive method for men.
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Since the introduction of the progestin—oestrogen oral contraceptive for
women in the early 1960s, there has been interest in developing a similarly
safe and effective means of contraception for men. Given the success of the
endocrine approach in the creation of the women’s pill, researchers have
attempted to use hormones to provide contraception for men. Testosterone
and its derivatives are the most widely tested hormones. Testosterone can
be used alone or in combination with a second agent to impair spermato-
genesis and thereby function as a contraceptive.

In women, the progestin—oestrogen oral contraceptive prevents ovulation
by limiting the production of the pituitary gonadotropins follicle stimulating
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hormone (FSH) and luteinizing hormone (LH). Similarly, in men,
exogenous testosterone impairs spermatogenesis by an inhibition of LH and
FSH production by negative feedback at the level of the pituitary. Normally,
LH stimulates the production of testosterone by Leydig cells in the testis,
while FSH acts on Sertoli cells in the seminiferous tubules of the testis to
facilitate sperm maturation. In men, a blockade of LH production shuts
down the testicular production of testosterone. A complete absence of
testosterone, however, is impractical in the long term as testosterone is
necessary to prevent the signs and symptoms of hypogonadism and maintain
the normal male phenotype. In addition to its importance in sexual
behaviour and libido, testosterone plays a role in the maintenance of muscle
mass, mineral and bone metabolism, kidney function and haemopoiesis. The
absence of FSH, or a blockade of the FSH receptor, has a deleterious effect
on sperm counts as well, but mature sperm capable of fertilization persist
(Matsumoto and Bremner, 1989).

Many substances, including oestrogen, progestins, gonadotropin analogues
and, of course, testosterone can provide the negative feedback necessary to
depress pituitary gonadotropin production, but only testosterone can maintain
the male phenotype. Testosterone, however, possesses some limited ability to
maintain spermatogenesis, even in the absence of FSH and LLH. This fact has
bedeviled researchers in this area for decades; testosterone, necessary to
prevent hypogonadism, stimulates spermatogenesis.

Attempts at a solution to this dilemma are the subject of this review. In
the broadest terms, researchers have approached this problem by attempt-
ing to either:

1. provide just enough testosterone to decrease LH and FSH production
and prevent hypogonadism, but not so much as to stimulate spermato-
genesis;

2. use a second agent such as a progestin or gonadotropin releasing
hormone (GnRH) analogue intended to decrease the production of LH
and FSH while also administering sufficient testosterone to prevent
hypogonadism.

In this chapter, we will first discuss the nomenclature and preparations of
testosterone commonly used, as well as the side-effects and drawbacks of
such preparations when used as potential male contraceptives. Then, in the
following three sections, we will follow this research as it progressed
through three phases: the first in which testosterone was used alone; a
second phase in which (GnRH) agonists and antagonists were given in
combination with testosterone to further decrease the production of LH and
FSH; and the third and current phase of research, which involves the
combination of testosterone with a progestin.

TESTOSTERONE: NOMENCLATURE AND PREPARATIONS

Testosterone is the principal androgen in men and the pro-hormone for the
production of two classes of steroids: dihydrotestosterone (DHT) and
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oestrogens. DHT is So-reduced from testosterone and acts as the intra-
cellular mediator of many androgen actions. Oestrogens, mostly in the form
of oestradiol, serve to enhance some androgenic effects and block others
(see below).

The administration of testosterone itself is impractical because, when
given orally or by injection, it is promptly degraded by the liver. Therefore,
the testosterone available for human use has been modified chemically to
prolong its action. The most common modification is esterification at the
17-hydoxyl group with any of several carboxylic acids. This decreases the
polarity of the molecule, making it more soluble in the lipid vehicles used
for injection, and hence slows the release of the injected steroid into the
circulation (Wilson, 1990). These esters, such as testosterone enanthate
(TE), a long-acting ester that can be dosed weekly by intramuscular
injection, are hydrolysed to testosterone before the hormone acts, and drug
activity can therefore be measured in an assay for testosterone. The side-
effects of this regimen include minor injection site irritation, oily skin and
acne, and increases in lean body mass. No problematic changes in libido or
aggressiveness have been found.

Orally active preparations are currently available; most of these
hormones are alkylated at the 17-carbon position. 17-Alkylation slows
catabolism by the liver, allowing oral dosing; however, these compounds
cause liver damage and are not considered safe for long-term use in oral
contraceptives (Bagatell and Bremner, 1996). Research into sustained
delivery systems for testosterone has been ongoing. Testosterone buciclate,
a synthetic ester given by depot injection, maintains physiological
androgen levels for up to 3 months in hypogonadal men (Behre and
Nieschlag, 1992). Testosterone undecanoate, an ester that is absorbed via
lymphatics and therefore escapes first-pass hepatic metabolism (Coert et al,
1975), can be given orally twice a day; it can also be used by injection,
from which it maintains serum testosterone level for 4—6 weeks in hypo-
gonadal men (Zhang et al, in press). In addition, research into injectable
steroid polymer microparticles or fused crystalline testosterone implants
reveals a similar ability to maintain testosterone levels in hypogonadal men
(Bhasin et al, 1992; Handelsman et al, 1992). In addition, newer androgens
are currently being evaluated (see below).

TESTOSTERONE CONTRACEPTIVE TRIALS:
GENERAL CONSIDERATIONS

In assessing the efficacy of a potential male contraceptive, it is important
to determine what level of sperm inhibition is necessary to achieve
infertility; however, this is not precisely known. The range of normal
sperm counts can vary widely, from 20 to 200 million sperm per ml of
ejaculate. The absence of sperm in the ejaculate, a condition termed azoo-
spermia, renders fertilization impossible and is therefore the ultimate goal
of male contraception. Unfortunately, azoospermia has not been achieved
reliably in all normal men using existing hormonal techniques. To date, all
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studies report some subjects who sustain a severe but incomplete reduction
of their sperm counts, a condition called oligospermia. There is good
evidence that sperm counts below 3 million sperm per ml ejaculate are
associated with decreased rates of pregnancy (World Health Organisation,
1996). This ‘severe oligospermia’ considerably decreases the chances of
conception and is considered to be a intermediate goal for male contra-
ceptive research.

Additional factors important in the design of a contraceptive include
time until onset of action and method of administration. Hormonal contra-
ceptives do not incapacitate existing sperm: they block sperm production.
Since sperm take an average of 72 days to reach maturity, it is probable that
any contraceptive based on manipulation of the hormonal axis will be
associated with some delay in the onset of full contraceptive potency. The
lack of a safe, orally active testosterone means that existing regimens rely
on frequent injections, but injections are problematic for many men. The
need for injections is a significant drawback to current efforts to find a
widely appealing method, and the need for sterile needles and syringes may
limit its applicability in less developed countries, where contraception is
most needed. Last, it is important to consider ethnic differences in inter-
preting the results of contraceptive trials. For unknown reasons, volunteers
in Asia were more susceptible to the steroid suppression of spermato-
genesis than were men studied in Europe, North America and Australia
(Handelsman et al, 1995). This difference is not solely a function of body
mass and may point to either increased sensitivity to lowered FSH and LH
levels, or to a decreased conversion of testosterone to DHT in the testis by
differing isoforms of 5Sc-reductase (Anderson et al, 1996). While the
mechanism remains to be elucidated, these differences are important in
interpreting the results of various clinical trials and make extrapolation of
the data to different populations difficult.

CONTRACEPTIVE TRIALS

Testosterone alone

Testosterone given at slightly supraphysiological levels can suppress both
FSH and LH production and simultaneously replace the androgen deficit
caused by decreased LH levels. Low levels of LH also lead to decreases in
intratesticular testosterone as the Leydig cell production of testosterone
falls. This decrease in intratesticular testosterone is of crucial importance as
normal local concentrations of testosterone and DHT are necessary for
spermatogenesis (Morse et al, 1973).

As early as the 1930s, the administration of testosterone was shown to
suppress sperm counts (Heckel, 1939); however, the first systematic studies
of testosterone as a contraceptive date from the 1970s. Several small
studies were reported in 1977 (Steinberger and Smith, 1977a,b; Swerdloff
et al, 1979) using TE alone given by intramuscular injection. In these trials
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of Caucasian men, more than half of the subjects were rendered azoo-
spermic, and most of the others became severely oligospermic. As
expected, the onset of azoospermia was at around 72 days, and the recovery
of normal sperm counts occurred 3-4 months after testosterone was
discontinued.

Based on these initial encouraging results, two large, multicentre trials of
TE were conducted by the World Health Organization (WHO) (1990,
1996). The first study enrolled 271 subjects who were given weekly doses
of 200 mg TE intramuscularly for a 6-month induction phase. Sixty-five per
cent of these men achieved azoospermia, and an additional 30% were
rendered severely oligospermic. The fertility of the azoospermic men was
then tested in a 12-month efficacy phase. Of the 119 couples who became
azoospermic, continued the injections and used no other form of birth
control, only one pregnancy occurred. This pregnancy rate of 0.8 preg-
nancies per 100 person-years demonstrates that, in men rendered azoo-
spermic, TE is an effective contraceptive. Patients discontinued
involvement with the study mainly because of regimen failure and dislike
of the injection schedule.

The second WHO study examined the fertility of both the men who
became azoospermic and the men who achieved severe oligospermia on the
TE regimen (World Health Organization, 1996). A total of 399 men were
enrolled in this study. Of these, all but eight (2%) became severely
oligospermic or azoospermic. In terms of fertility, there were no preg-
nancies fathered by the men who became azoospermic; in men whose
sperm counts suppressed to below 3 million per ml, fertility was reduced to
8.1 pregnancies per 100-person years. The combined fertility rate for
oligospermic and azoospermic men was 1.4 per 100-person years. There-
fore, the overall failure rate (including the men who failed to suppress to
oligospermia) was 3.4%, for an overall contraceptive efficacy of 96.6%.

This research demonstrated that testosterone is safe, fully reversible and
effective as a contraceptive in the majority of men. Drawbacks to
testosterone-alone methods are, however, apparent. While effective in those
who achieve azoospermia, some men fall to suppress below 3 million
sperm per ml and therefore presumably remain fertile. In addition, the
necessity of weekly intramuscular injections is a deterrent. Twenty-five per
cent of patients in the second WHO study discontinued involvement for
personal or medical reasons, or because of a dislike of the injection
schedule. Last, high-dose testosterone has been shown to decrease serum
high-density lipoprotein (HDL) cholesterol, which could contribute to
accelerating atherosclerosis (Bagatell et al, 1994; Meriggiola et al, 1995).
These failings have led to two additional avenues of research: (a) the
addition of a second agent, either a GnRH analogue or a progestin; and
(b) attempts to improve the characteristics of testosterone administration.

Testosterone and GnRH analogues

The decapeptide structure of GnRH was first discovered in 1971 (Matsuo
et al, 1971). Since then, many analogues with both agonist and antagonist
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properties have been synthesized. Compounds with agonist properties
cause an initial stimulation of gonadotropin secretion. After 2—3 weeks of
use, the pituitary loses its ability to respond to GnRH, causing a marked fall
in gonadotropin levels. This finding led to a flurry of research into using
GnRH agonists in male contraception. At least 12 trials using three
different GnRH agonists with testosterone have been reported (reviewed in
Cummings and Bremner, 1994). The results of these studies were, however,
disappointing, with roughly 25% of men achieving azoospermia, a third
achieving severe oligospermia, and the remainder suppressing only
partially to levels under 30 million sperm per ml, a degree of suppression
that is inadequate for use as a reliable contraceptive. These results have led
to the almost complete abandonment of trials using of GnRH agonists as
male contraceptives.

Some synthetic GnRH analogues have been shown to possess potent
antagonist properties and suppress the production of FSH and LH. These
GnRH antagonists can suppress FSH and LH production within hours of
administration, and their inhibition of the gonadotropins is more complete
than can be produced by agonists. The side-effects include erythema and
occasional burning sensations at the site of injection, and local pruritus.
Some subjects develop non-tender, subcutaneous nodules at the injection
site; these resolve in a few weeks.

At least three human trials have been conducted using the GnRH
antagonist Nal-Glu with testosterone. The first two trials showed promise,
seven out of eight subjects in one study achieving azoospermia by 6—10
weeks of treatment (Pavlou et al, 1991; Tom et al, 1992). A third trial,
however, demonstrated no difference in azoospermia when compared with
TE alone (Bagatell et al, 1993). The time required to reach azoospermia
was roughly 7-10 weeks. Normal sperm counts returned in roughly the
same amount of time, demonstrating the reversibility of this approach.

GnRH antagonists have significant drawbacks. Since they are peptides,
they are expensive to make and must be injected subcutaneously to avoid
degradation in the intestine; also, most have very short half-lives.
Furthermore, it seems possible that testosterone, when given in conjunction
with GnRH antagonists, blunts the antagonist’s ability to impair spermato-
genesis. Since more testosterone is required to initiate spermatogenesis
than to maintain the process when already active (Harris et al, 1977), it has
been suggested that the administration of an antagonist alone for 70—-100
days could be used to induce azoospermia before testosterone was
provided to prevent hypogonadism. To date, this approach has been tried
mainly in primates and seems more successful than combined initial
administration.

While these trials showed promise, it is clear that the use of currently
existing GnRH antagonists in the long term is impractical. Current research
is focusing on either the synthesis of an orally active, non-peptide
antagonist, or longer-acting antagonists that could be given in a few
injections to initiate spermatogenic arrest. Such compounds could then be
tested in combination with sufficient long-term testosterone administration
to prevent hypogonadism.
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Testosterone and progestins

The idea of using a progestin with testosterone to synergistically block the
production of pituitary gonadotropins was first tested in the 1960s, mostly
using depot medroxyprogesterone acetate (DMPA). Over 35 studies were
carried out and showed that progestins possessed the ability to inhibit LH and
FSH secretion in men (reviewed in Schearer et al, 1978). Furthermore, it has
been suggested that progestins may also have a direct suppressive effect on
spermatogenesis (Fotherby et al, 1972; Meriggiola and Bremner, 1997).

In five studies conducted by the Population Council, 100 volunteers were
given monthly injections of DMPA in combination with 100-250 mg TE
intramuscularly for 4-16 months (Alvarez-Sanchez et al, 1977; Brenner et
al, 1977; Frick et al, 1977a,b; Melo and Coutinho, 1977). These combi-
nations were able to induce azoospermia in half of the subjects, and some
degree of oligospermia in most others, but the contraceptive efficacy of
these combinations was poor. Nine couples conceived while on therapy
despite the simultaneous use of other contraceptives (Barfield et al, 1977).
Doubling the amount of TE in the regimen did not improve its efficacy
(Faundes et al, 1981). However, in one study of 20 Indonesian men,
azoospermia was induced in all the subjects (Pangkahila, 1991). Recently,
DMPA has been shown to increase the contraceptive efficacy of implanted
T pellets (Handelsman et al, 1996). Drawbacks to this class of 17-hydoxyl
progestational agent were significant; patients experienced weight gain,
transient decreases in HDL cholesterol and gynaecomastia.

Following these first studies, compounds with fewer side-effects, such as
the potent oral progestin levonorgestrol (LNG), were tested as an adjuvant
agent for male contraception. Two early studies of LNG used 250-500 ug
per day LNG given orally combined with low doses of TE (200 mg
intramuscularly per month). This combination was chosen to minimize
testosterone-driven spermatogenesis and maximize the LNG-mediated
inhibition of FSH and LH. In the first study, 13 men were enrolled, but
seven withdraw for various reasons. Sperm counts were depressed below 5
million per ml in half of the subjects, but none reached azoospermia (Foegh
et al, 1980). The second study showed similar results, with three out of five
subjects in the 500 pg LNG group achieving counts of fewer than 6 million
sperm per ml (Fogh et al, 1980). No toxicological side-effects or changes
in libido, potency or blood coagulation parameters were detected in either
study. While the results were disappointing, these studies did demonstrate
that LNG could serve as a useful and well-tolerated adjunct to testosterone.
It is also clear, however, that for a combined testosterone-LNG method to
succeed, more frequent dosing of testosterone would be required.

Recently, a randomized, controlled trial of LNG (500 g orally daily) with
frequent dosing of TE (100 mg intramuscularly per week) showed that the
LNG-TE combination was superior to TE alone in terms of azoospermia
(67% versus 33%) by 6 months (Bebb et al, 1996). In addition, the total
achieving severe oligospermia or azoospermia was 94% in the LNG-TE
group compared with 61% of the TE-alone group. The time to onset of
azoospermia was more rapid in the LNG-TE group than among those
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receiving TE alone (a mean of 9 versus 15 weeks). Drawbacks to the
LNG-TE regimen included greater weight gain and decreases in HDL
cholesterol when compared with the TE-alone group. Encouraged by this
result, the same research group is evaluating lower doses of LNG, in the hope
that side-effects can be minimized while contraceptive efficacy is maintained.

Anti-androgens with progestational effects such as cyproterone acetate
(CPA) have also been tested as potential male contraceptives. CPA is a
synthetic steroid with progestational and anti-androgenic properties
(Neumann and Topert, 1986). CPA functions as an anti-androgen by
blocking the binding of testosterone and DHT to androgen receptors. CPA
thus interferes with androgen-dependent spermatogenesis in the testis and
suppresses gonadotropins at the pituitary by means of its progestational
activity (Meriggiola and Bremner, 1997).

The combination of T and CPA was first tried in the early 1980s (Roy,
1985). Then, following the successful use of TE and CPA in monkeys
(Lohiya et al, 1987), this combination was re-tried in humans. In a small trial,
subjects were divided into three groups of five patients each. The first two
groups received CPA at either 50 or 100 mg orally daily, as well as weekly
doses of 100 mg TE intramuscularly. The third group received just TE
weekly. All men receiving CPA became azoospermic, while only three out of
five in the TE-alone group attained azoospermia (Figure 1) (Meriggiola et al,
1996). In addition, the time required to achieve azoospermia in the CPA
groups was half that needed in the testosterone-alone group (49 versus 98
days). This result is both surprising and encouraging given the afore-
mentioned 72-day maturation time of sperm, implying that this regimen may
suppress partially mature sperm as well as decreasing the generation of new
spermatids. Happily, no major adverse side-effects, such as changes in HDL
cholesterol, liver function, libido or sexual potency, were noted in this small
sample of men. The sole drawbacks noted were slight decreases in body
weight and haemoglobin level that were dependent on the dose of CPA,

The same group (Meriggiola et al, 1997) has recently reported on the first
oral combination of CPA with testosterone undecanoate. In this study, a
lower dose of CPA was used (12.5 mg twice a day) combined with 80 mg
testosterone undecanoate twice a day. Of eight subjects, one became azoo-
spermic, five were suppressed below 3 million sperm per ml, and the two
remaining subjects were suppressed to 4 and 6 million sperm per ml
respectively. It is hoped that alterations in the regimen will lead to more
complete and reliable spermatogenic suppression.

Given the positive results from combinations of testosterone and
progestins, many researchers now feel that these combinations are the most
likely to result in a viable contraceptive method. Current research is
focused on finding dose combinations that optimize sperm count suppres-
sion in all populations while minimizing side-effects.

NEWER ANDROGENS

Many of the trials discussed have used TE; however, the requirement for
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Figure 1. Sperm concentrations in individual subjects during the control period, throughout 16 weeks
of hormone administration and during 26 weeks of the recovery phase. Reproduced from Meriggiola
et al (1996, Journal of Clinical Metabolism 81: 3018-3023) with permission of the Endocrine Society.

weekly injections is a significant drawback. Longer-acting esters such as
19-nortestosterone (19-NT) have been evaluated as potential substitutes for
TE. In addition to its potent androgen effects, 19-NT has 10 times the
progestational activity of testosterone and therefore inhibits FSH and LH
production to a greater degree than does TE. In early small-scale studies,
rates of azoospermia were in the 80-90% range when combined with the
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progestin DMPA (Knuth et al, 1989). In addition, the motility and
morphology of the sperm in those rendered oligospermic was found to be
impaired. A large multicentre trial was conducted by the WHO in Indonesia
using weekly injections of either TE or 19-NT in combination with the
progestin DMPA. Both groups had greater than 95% azoospermia, showing
19-NT to be at least as effective as TE, with no untoward side-effects
(World Health Organization, 1993). It remains to be seen whether this early
success can by improved upon in Caucasian populations, perhaps in
combination with newer progestins such as LNG or CPA.

A derivative of 19-NT, 7a-methyl-19-nortestosterone (5-MENT), is also
of interest. The 7-methylation of this compound prevents Sa-reduction,
thus preventing its DHT-like effects (Sundaram et al, 1994). This is of
particular importance in spermatogenesis, as it has been recently shown
that men who remained oligospermic following TE administration had
higher DHT levels (Anderson et al, 1996). In addition, lower levels of DHT
may prevent stimulation of the prostate and decrease the theoretical risk of
prostatic enlargement after the long-term administration of testosterone. To
date, 5-MENT has not been used in contraceptive trials, but it seems a
likely candidate for future studies.

RECENT ADVANCES IN MOLECULAR ENDOCRINOLOGY

Recently, several advances have been made in our understanding of
oestrogen activity at the molecular level. A second oestrogen receptor has
been discovered (Kuiper et al, 1996), and the two oestrogen receptors, ERxt
and B, can initiate or inhibit transcription depending on the particular gene,
promoter and agonist (Paech et al, 1997). These findings could explain the
observations that ‘anti-oestrogens’ such as tamoxifen can have agonist
activity in one tissue (endometrium) and antagonist activity in another
(breast). Such compounds, more appropriately termed ‘selective oestrogen
receptor modulators’ or SERMs, are corming into clinical use both for the
treatment of breast cancer in women and for use as oestrogen replacement
therapy in post-menopausal women (Delmas et al, 1997).

Exciting by themselves, these observations also raise the possibility of
greater complexity at the level of testosterone hormone binding and
transcriptional activation. Is there more than one androgen receptor?
Certainly, receptors of non-steroidal hormones, such as thyroid hormone
and retinoic acid, are known to have multiple subtypes. To date, however,
there is little evidence of such complexity at the level of the testosterone
receptor. If found, such a discovery would suggest the creation of a
testosterone analogue that could selectively activate certain testosterone-
responsive genes while inhibiting others. Such a compound, possibly
termed a ‘selective androgen receptor modulator’ or ‘SARM’ has the
potential to block spermatogenesis and prostatic enlargement while provid-
ing for the beneficial effects of androgens.

In addition to a greater understanding of oestrogen’s function and gene
regulation in women, investigators are now finding that oestrogen has
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essential functions in spermatogenesis. An early clue to the importance of
oestrogen was the infertility of the oestrogen receptor knockout mouse
(Lubahn et al, 1993; Korach et al, 1996). These mice lack functional
oestrogen receptors, ERa, but have fully functioning androgen receptors.
Their seminiferous tubules are dysfunctional and appear to be unable to
maintain a healthy environment for sperm maturation in the epididymis
(Hess et al, 1997). De novo mutations in oestrogen receptor function and
aromatase activity have also been reported in humans (Smith et al, 1994;
Morishima et al, 1995). The fertility of these men is undocumented, but if
they are infertile, it would imply that oestrogen blockade could be a
potential target for the creation of a male contraceptive. Such agents, how-
ever, would have to overcome the adverse side-effects of oestrogen
blockade, such as osteoporosis, the non-fusion of epiphyseal growth plates
and hyperlipidaemia, as in subjects lacking oestrogen function.

CONCLUSION

Testosterone is useful as a contraceptive in human males; however, a
regimen with 100% effectiveness has remained elusive. Combinations with
GnRH antagonists improve the efficacy of testosterone but are presently
impractical for widespread use. Testosterone combinations with progestins
appear promising. Ongoing trials with testosterone plus LNG and CPA may
offer a usable option for men, but difficulties in testosterone delivery may
hinder their use. Recent insights into the molecular regulation of
transcription by oestrogen receptors may point to the existence of similar
complexity in the androgen receptor and may provide new avenues for the
generation of a male hormonally derived contraceptive. A better under-
standing of the molecular regulation of spermatogenesis will clearly
increase the chances of successfully manipulating these systems to create
an easily usable, long-term contraceptive for men, and something, finally,
to complement the success of the oestrogen—progestin pill for women.
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