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Reversible male contraceptives: Current progress
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Keywords: Introduction
Reversible, The current world population is 7.5 billion and growing. It is expected to
male contraception be over 9.7 billion by 2050". Contraception is important in controlling population.

While several contraceptive methods are available, there is room for improved

methods. Most are being utilized by women and few are being developed for

males®’. This review summarized the current evidence of male contraception

based on contemporary clinical trials in human and animal models. We intentionally

omitted a discussion of protective measures such as condoms as surgical

vasectomy is already accepted in clinical practice.

Methodology

We reviewed the available evidence using a search engine from PubMed

and Scopus. Unwanted pregnancy is an ideal control arm for studies regarding

the effectiveness of various contraceptive methods. However, due to study designs

and ethical issues in human research, either sperm concentration or serum

gonadotropin is mostly used as a surrogate outcome instead of pregnancy rates.

The ideal target for male contraception is “azoospermia,” in which no sperm is

found in a routine semen analysis; however, in practice, a sperm concentration

of less than 1 million/ml is acceptable according to a recommendation by the

American Society of Andrology’.
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1. Hormonal Contraceptives

Hormone contraceptives for males are derived
from the physiology of the hypothalamic-pituitary-
gonadal axis (HPG axis) where the hypothalamus
secretes gonadotropins releasing hormones (GnRH)
that stimulate FSH from the anterior pituitary gland,
which in turn stimulates spermatogenesis. GnRH also
stimulates the secretion of luteinizing hormone which
promotes androgen production. Thereby, androgens,
whether endogenous or exogenous, act as negative
feedback stimulators to both the hypothalamus and the
anterior pituitary gland, suppressing spermatogenesis
and androgen production. Thus, androgens are being
studied to suppress spermatogenesis in the hope of
inducing infertility”.

Injected Testosterone

Since unesterified testosterone has low oral
bioavailability and rapid clearance from serum®, injected
forms of esterified testosterone are more commonly
utilized in clinical practice. They include testosterone
ethanoate (TE) and testosterone undecanoate (TU).
Intramuscular TE 200 mg weekly was investigated in
271 healthy fertile males in a clinical trial conducted
by the World Health Organization (WHO). Azoospermia
was found in 65% of participants which resulted in a
pregnancy rate of 0.8 per 100 person-years. Following
injection withdrawal of TU, sperm concentration
rose above 20 million/ml after a mean duration of
3.6 months®. A subsequent study, utilizing the same
regimen in 399 healthy fertile males, demonstrated
a pregnancy rate of 1.4 per 100 person-years’.
However, a small sub set of non-responders, defined
by a persistently high sperm concentration above
3 million/ml, were found in both studies.

Compared to TE, TU has a longer half-life and
requires drug administration less often, only at every
6-8 weeks®. This distinct advantage might help
increase patient satisfaction, since a weekly injection
schedule of TE was a cause of withdrawal in some
patients’. A study of 1,045 Chinese males with

intramuscular TU 500 mg monthly for 30 months

demonstrated that only 4.8% of subjects had a sperm
concentration above 1 million/ml. The pregnancy
rate was 1.1 per 100 subjects throughout a 24-month
period of drug administration®.

Although showing some success in male
contraception, the adverse effects of high dose
testosterone must be considered. The most concerning
are weight gain and decline in serum HDL, which may
lead to an increased risk of metabolic syndrome®™.
Compounds such as progestins and b-alpha reductase
inhibitors have been combined with testosterone
in order to reduce the adverse effects and improve
contraceptive efficacy.

One randomized controlled trial demonstrated
that a combination of intramuscular TE 100 mg
weekly and oral levonorgestrel (LNG) 500 mcg
daily suppressed sperm concentration better than
intramuscular TE 100 mg weekly alone (94% vs 61%
of patients achieved a sperm concentration below
3 million/ml). The most likely explanation is that the
additional gonadotropin inhibitory effect resulted from
LNG". Nevertheless, side effects were encountered
more often in the combination group, including
decreased HDL (22% vs 1.8%) and weight gain
(5.3 kg vs 2.3 kg)'%. Another study reduced the oral
LNG dose to 31 and 62 mcg per day in combination
with intramuscular TE 100 mg weekly. Sperm
concentration was suppressed below 3 million/ml
in 90% and 95% in the 31 and 62 mcg groups,
respectively, and there was no significant weight
gain in the 31 mcg group while there was a 2.5 kg
weight gain in the 62 mcg group. HDL, however,
decreased significantly in both groups: 12% and 15%
respectively™.

Levonorgestrel, in the form of implantable
rods combined with intramuscular TU, has also
been studied and has a slightly higher efficacy
rate'. Other progestins have been evaluated. A
double-blinded multicenter trialusing etonogestrel
implant combined with intramuscular TU every 10-12

weeks resulted in sperm concentration <1 million/ml
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in 89% of participants'. Another study in 2016 used
intramuscular norethisterone 200 mg combined with
TU every 8 weeks and demonstrated that 96% of
participants had sperm concentrations<l million/ml.
However, this study was terminated due to a
high incidence of adverse events, including mood
changes, depression, and increased libido'®. Depotme
droxyprogesterone acetate (DMPA) in combination
with TU has been studied. All 30 participants had
sperm concentrations below 3 million/ml during the
treatment period"”.

Apart from progestins, b-alpha reductase
inhibitors (bARI) were studied. Oral dutasteride 0.5
mg daily was added to a combination of intramuscular
TE 100 mg weekly plus oral LNG 125 mcg daily.
When compared to TE+LNG alone, however, sperm
concentration and serum gonadotropin levels were
not different between the 2 groups™™.

Other forms of testosterone

Because of a low oral bioavailability of
testosterone, most studies have been driven into
intramuscular injection. Nevertheless, a study using
a combination of oral testosterone in sesame oil
was able to achieve therapeutic levels of serum
testosterone. When oral dutasteride was added,
serum testosterone levels increased due to the oral
testosterone in the oil alone®™. Its efficacy was
shown by significantly suppressed levels of FSH
and LH".

Another potential route is transdermal
administration, which has been a contraception
method of choice in women for years. This route of
administration is simple and does not require any
injection and, thus, requires fewer healthcare visits.
Results of studies using transdermal testosterone
vary. One study using a testosterone transdermal
patch with implanted LNG, showed poor efficacy
in suppressing spermatogenesis; with less than
60% of participants achieving sperm concentration
<3 million/ml compared with 100% in a group using

intramuscular TE with implanted LNG?. Another

study used transdermaldi hydro testosterone with or
without implanted LNG. It revealed that no participant
achieved a sperm concentration of <3 million/ml”.
In contrast, another study using a combination of
transdermal testosterone and nestorone gel showed
a promising result with 89% of participants achieving
a sperm concentration <1 million/mi*.

One possible disadvantage of the transdermal
route is a need to avoid physical contact with females
and children while the medication is on the skin.
There was also a report of significant skin discomfort

among dihydrotestosterone gel users®.

2. Non-Hormonal Contraceptives

Adjudin

Adjudin is a lonidamine analogue which can
disrupt adhesion between spermatids and Sertoli cells
causing the premature detachment of spermatids and
then infertility”. An animal study in 2001, using oral
administration of adjudin, revealed no pregnancy in
all the rats, although the males were allowed to mate
with the females freely. All the rats in the control group
had viable offspring®. Full reversibility was observed

at 11 weeks after treatment withdrawal”

. However,
high doses of adjudin are nephrotoxic and may
causes liver inflammation, which is a major obstacle

to the use of adjudin in humans™?”

. Several drug
delivery technologies were proposed to improve
intratesticular bioavailability of adjudin and to reduce
its effective dose®™.

H2-Gamendazole& CDB-4022

H2-Gamendazole and CDB-4022 are also
lonidamine analogues and able to induce infertility
in the same way as adjudin. From a study of H2-
Gamendazole in rats, a single dose of 3 mg/kg induced
infertility in 67%, while a single dose of 6 mg/kg
induced infertility in 100%. However, full reversibility
was only observed in the 3 mg/kg group. Unspecified
mortality was also observed at 200 mg/kg dose where
3 out of b mice died, but there was no evidence of

inflammation, necrosis, hemorrhage, or tumors in doses
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lower than 200 mg/kg®. For CDB-4022, infertility
was fully achieved in rats and monkeys without any
observed toxicity. CDB-4022-induced infertility was
irreversible in rats, but was reversible in monkeys with
unknown mechanisms®"¥.

BMS-189453

Retinoic acid is involved in various steps of
spermatogenesis, including spermatogonia diffe-
rentiation and meiosis®. Thus, using a retinoic receptor
antagonist may be a potential male contraceptive.
BMS-189453 is a pan-antagonist of retinoic acid
receptors that was initially developed for use in
dermatology. It was later found to negatively affect
spermatogenesis®™. A study in mice using oral 2.5
mg/kg of BMS-189453 for 4 weeks resulted in
a disruption of spermatogenesis from testicular
histopathology, a significant reduction in sperm
concentration and motility, and ultimately failure to
cause pregnancy. Spermatogenesis was completely
restored after medication withdrawal, and no toxicity
was found®. Subsequent studies from the same
group reduced the dose to 1 mg/kg and demonstrated

similar results®.

3. Physical Occlusion of Vas Deferens

RISUG

The concept of “Reversible Inhibition of Sperm
Under Guidance,” also known as RISUG, has been
proposed as a male contraceptive method since
the 1980s. It involves an injection of styrene maleic
anhydride (SMA), dissolved in dimethyl sulphoxide
(DMSO), into the vas deferens on both sides through
a small incision of scrotal skin. The mechanism of
action of these compounds has not been discovered.
However, some possible mechanisms include total
occlusion of the vas deferens, a pH-lowering effect
which reduces sperm motility, a change in sperm
membrane electric charge balance, and even oxidative
stress damage of sperm. Original studies of RISUG in
rats and monkeys successfully induced infertility®.

The phase I clinical trial was conducted in 1993 and

showed an optimal dose of 60 mg of SMA to be effective
and safe®. The phase II clinical trial was conducted
in 12 healthy fertile subjects and revealed persistent
azoospermia for at least 425 days with no long-term
adverse effects®. A phase III trial is currently ongoing.
Complete reversibility of RISUG was demonstrated
in monkeys at 60-90 days after reversal with normal
motility and viability; however, evidence of reversibility

of RISUG in humans is still lacking™.

Male contraceptives in Thailand

In Thailand, a clinical trial of male contra-
ception was conducted at the Faculty of Medicine,
Chulalongkorn University in 1996. This study
administered intramuscular TE 200 mg weekly to 17
healthy Thai men and measured sperm concentration,
FSH and LH level. All participants eventually developed
azoospermia at a median duration of 85 days. FSH
and LH were also suppressed below detectable
levels. Adverse effects were found in 2 participants.
One had abnormal liver function tests and the other
had hypertension and weight gain, causing them

to withdraw from the study™.

Conclusion

There are several different concepts of male
contraceptives currently in development. All are
aiming towards a contraceptive that is effective with
the least adverse effects and complete reversibility.
Testosterones, either alone or in combination with other
agents, are effective in spermatogenesis suppression.
However, there are concerns about the drug delivery
route and side effects regarding a possible increased
risk of metabolic syndrome. Several agents, inhibiting
various steps of spermatogenesis, show promising
results in animal models, including primates in one
agent, but have yet to progress to human clinical
trials. Regarding vas occluding agents, which are
effective in animal models and phase I and II clinical
trials, we are currently awaiting the results of the

phase III clinical trial.
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