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ALTHOUGH intensive research into the development of a
hormone-based male contraceptive is being pursued
over the past few decades, a potentially viable product
which satisfies the cardinal principles of safety, uniform
and total efficacy, and complete reversibility is yet to be
met with success. In addition, for the potential male
contraceptive method to be acceptable by men it is
essential to ensure that libido, an androgen-dependent
phenomenon, is not impaired or adversely affected.

In the quest for development of such methods,
attention has been primarily and largely focussed on
interference with the regulation of spermatogenesis and
sperm production by blocking the action of specific
hormones along the hypothalamo-pituitary-testicular
axis. At the moment, understanding of the regulation
of spermatogenesis in the primate (including man)
has clearly underscored the importance of both the
gonadotropins — follicle-stimulating hormone (FSH) and
luteinizing hormone (ILH)-and androgens (mainly
testosterone [T]). It has been observed that though both
FSH and T act via Sertoli cell functions, they appear to
primarily influence different steps of germ cell trans-
formation during spermatogenesis in the adult mammal.
Thus, while FSH has been shown to have a significant
regulatory effect on spermatogonial proliferation"s, T
appears to be closely associated with the key event of
meiosis which is responsible for the production of round
spermatids and sperms’. Besides this, while both FSH
and T regulate the production of primary spermato-
cytes™®, a need for FSH in the transformation and
maturation of round to elongate spermatids representing
spermiogenesis has been observed’ . A graphic repre-
sentation of the various events these two hormones exert
their influence on during spermatogenesis is illustrated
in Figure 1.

The secretion of FSH and LH from pituitary 1s
regulated by the hypothalamic gonadotropin-releasing
hormone (GnRH); in-addition, the circulating levels of T
or even aromatizable androgens can also exert a
feedback inhibition of their secretion. The major thrust
areas of research in male contraception revolve around
achieving an effective and complete suppression of

GnRH agonists and antagonists

A three-year study on the efficacy of constant release of
Buserelin via Alzet mini-osmotic pumps was undertaken
under the auspices of the WHO by Ravindranath et al. 10
in adult male bonnet monkeys. The results clearly
showed that acute oligozoospermia/azoospermia Is
achieved within 70 days of initiation of treatment and
this situation can be maintained for- three years by
replacement of the Alzet mini-osmotic pump (with
Buserelin) once every 21 days. Recovery of normal
testicular function and sperm production was achieved
within 3—4 months of stopping the treatment. Thou%h
Buserelin has been tested in men in short-term studies’,
practicality of this approach has posed problems since
the compound is expensive and development of an
appropriate delivery system to ensure maintenance of
constant release of the compound over protracted period
is necessary. In addition, a few new generation peptides
are also currently being tested for their contraceptive
use (see below).

The agonists act by a slow process of pituitary
desensitization to GnRH action. However, the reduction
achieved in pituitary LH secretion is not total. In

pituitary FSH and LH (therefore T) secretion by using  Figure 1. Diagrammatic representation of the possible primary

GnRH agonists/antagonists a variety of T analogues and actions of FSH and T on germ cell transformation steps during
> spermatogenesis. 2C, spermatogoma; 4C, primary spermatocytes,

progestins, or by immunoneutralization of FSH or LH  |C, round spermauds; HC, elongating spermatids. (Modified from
action on target cells. Figure 1 of Reference 8 )
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contrast, the antagonists (e.g. Antide, Nal-Glu) have a
decided advantage in having a longer half-life and their
ability to bring about an immediate and near-total
suppression of gonadotropin secretion'?. Analogues of
GnRH have been tested in the 1'(11;1»1*111033/w"-'13"1"(i and human
volunteers! ™* for their potential contraceptive etfects.

Newer generation antagonists are still emerging (e.g.
Cetrorelix, Detirelix, Ganirelix), but the products as of
now are expensive and a careful pre-clinical screening is
essential to weed out compounds which produce toxic
side effects. Administration of either the GnRH agonist
or antagonist alone will lead to the loss of libido due to
a block in testicular T production. Consequently T needs
to be supplemented exogenously to maintain the normal
androgen-dependent sexual and anabolic functions.

Use of T and its analogues in feed-back
suppression of gonadotropin secretion

A variety of androgens including the natural hormone T
and its esters, T enanthate or T buciclate, have been
tested for their efficacy to block gonadotropin secretion
and the resultant effects on sperm production in both the
non-human primate and men>~*. These steroids have
been administered intramuscularly/subcutaneously either
as a depot preparation or as a micro-encapsulated form
in a dose range of 50—600 mg per week/month. Admini-
stration of androgens in this manner has dual advaniage;
firstly, they suppress pituitary FSH and LH secretion
(and T production) thus severely affecting spermato-
genesis and, secondly, they also meet the requirement
for exogenous androgen supplementation to maintain
libido and accessory gland functions. Although this form
of exogenous androgen treatment has been observed to
be completely effective in rendering Indonesian men
azoospermic’’, in the western hemisphere, a significant
percentage of men under such a contraceptive trial have
been consistently observed to become only oligozoo-
spermic31. The observation of such a geo-ethnic diffe-
rence has sprung a surprise to researchers thus
emphasizing the need for further, closer scrutiny in this
direction. Although this method of male contraception
appears highly encouraging it i1s yet to be accepted
without reservation because of: (a) still incomplete
knowledge on the possible effects of long-term admini-
stration of high concentrations of T (being an anabolic
steroid) on overall health and general body meta-

bolism™*~* and (b) the specific effects this may have on
normal functioning of the accessory reproductive
glands®>°,

Many of the on-trial contraceptive methods require
exogenous T supplementation as the endogenous T
production remains suppressed. As far as we are aware
no clear cut data are available with regard to the precise
concentration of endogenous T required to maintain
normal libido and accessory sex gland functions. This

CURRLNT SCH NCE, VOL., 68, NO 4, 2511 BRUARY 1993

T L .

concentration of serum T must be, presumably, much
less than the Intratesticular T concentration that is
required to promote optimal spermatogenesis. Currently,
supplementation with exogenous androgens requires
large, frequent dases that result in supraphysiological
concentrations in circulation. However, the recent
demonstration by Sundaram et al.’’ of the superior
benefits of a synthetic androgen (7-a-methyl-nortesto-
sterone, MENT) opens up new vistas in the field of male
contraception. MENT has been shown to be the first
androgen with a health benefit compared to T. It can be
used at a relatively low concentration (being 10x more
potent than T), possibly as a subdermal implant lasting
for longer duration than the currently used androgens
and, more importantly, it does not undergo the typical 5-
o-reduction (like T) in the prostate thus having no
deleterious effects on this accessory gland. The potential
of MENT as a substitute to T particularly in combi-
nation with GnRH analogues or progestins (see below)
1S qulte promising.

Progestational compounds

Steroids having progestational activity like the pregnane
derivatives (relatives of progesterone — for e.g. medroxy
progesterone acetate [MPA]) and the 189-nortesto-
sterones (T-related — for e.g., norethisterone [NET]) are
also known to be effective in blocking pituitary gonado-
tropin secretion’®". Most studies on the efficacy of
progestogens have centered around female contra-
ception' %, Clinical testing of these compounds for
their male contraceptive potential has pot been viewed
encouragingly, possibly because of their inherent
progestational activity when given in larger doses
leading to gynecomastia and such other side-effects*.
Among these, the compounds having refatively minimal
progestational activity but with a maximal ability to
suppress pituitary gonadotropin secretion are NET and
norethynodrelsg. Whereas NET at an oral dose of
25 mg/day to human male volunteers has been reported
to be effective in blocking T production by 70% (ref.
44), we have observed that a similar effect can be
achieved in men by giving microdoses of NET
intranasally (unpublished observations). In adult male
bonnet monkeys, intranasal administration of micro-
doses of NET on a daily basis has been shown to
suppress T production and eftectively impair spermato-
gencsis and sperm production’” *7. ln adduion, constant
release of microdoses of either NET or Norethynodrel

via Alzet minj-osmotic pump can also suppress T

production by > 90% (unpublished observations). The

progestational activity assoctated with these drugs can

be, perhaps, signiticantly reduced when given in

microdoses by alternate (to parenteral) modes without

compromising their pharmacotogical elficacy. In addi-

tlon to progestational componnds, wtranasal admiai-
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stration of steroids (progesterone, estrogen) has also
been shown to block T production and affect spermato-
genesis in monkeys*. This fact is of particular interest
since recently, Bhatnagar ers al.®® observed that a block
in estrogen synthesis in men by administration of non-
steroidal aromatase inhibitors led to a significant in-
crease in serum LH, FSH and testosterone levels. By
demonstrating that T is unable to maintain LH and FSH
levels within the normal physiological limits when its
conversion to estrogen is blocked, this study implies that
estrogen but not T is the true feedback jinhibitor of
gonadotropin secretion in man.

Combination approaches

Several recent studies have clearly shown that admini-
stration of a combination of exogenous androgen with
GnRH analogues**>? with progestins®>® can be more
pronounced in its end-effect on spermatogenesis result-
Ing in near- to complete azoospermia in a greater per
cent of human volunteers. Further, these results provide
an excellent opportunity to effectively regulate the dose
of exogenous androgen supplementation to a bare mini-
mum (for libido/accessory reproductive gland func-
tions), thus circumventing the possible side-effects
associated with Iong-term use of high androgen concen-
trations. The use of MENT as the supplementary andro-
gen in such situations may provide valuable information
in this direction., However, it needs to be determined
whether this approach can fill in the differences
observed between geo-ethnic groups in relation to the
desired end-effect (azoospermia).

The vaccine approach

[t is possible to block the actions of FSH and LH by
using either FSH, LH or LHRH as a vaccine. The
efficacy of these vaccines has been successfully tested in
several mammalian species®">°, Whereas vaccination
against LH or LHRH leads to a suppression of endo-
genous T production thus necessitating exogenous T
supplementation to maintain normal libido and acces-
sory gland functions, the FSH-based vaccine does not
require T supplementation as endogenous T production
is not affected.

The FSH-based vaccine which uses ovine (0)FSH as
the immunogen has been thoroughly tested in the mon-
key for its efficacy to bring about infertility®*#%%%, The
entire concept has also been confirmed by independent
studies from three different laboratories®. One aspect of
the study which puzzled investigators early on was that
immunization with oFSH results in infertility although
the monkeys largely exhibited oligozoospermia.
Detailed analysis of the quality of the few sperms
voided, however, showed that in addition to the poor
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motility and viability of the sperms, a marked inhibi-
tion in activity of two key acrosomal enzymes
(hyaluronidase and acrosin) required for cumulus
dispersion and egg penetration was apparent®. This
perhaps could be the reason why sperms from FSH
immunized monkeys are unable to either attach to intact
monkey eggs®® or penetrate zona-denuded hamster
eggs®!. Recovery from the vaccine effect is feasible
since stopping of booster injections leads to restoration
of normal spermatogenesis and fertility in 9 out of 10
monkeys5 ®. This vaccine approach as currently
conceived requires an initial schedule of one immuniza-
tion each at 20 days apart followed by boosters once In
90-100 days.

Following the successful, mandatory pre-clinical
toxicology studies in two species of animals at 1X and
5X the dose proposed to be given in the human, Phase-I
Clinical Trials were initiated. The recently-concluded
phase I clinical trial showed that the oFSH vaccine does
not result in any overt toxicity and, at the dose and
schedule tested, is apparently sate (Bajaj, J. S,, DBT
Task Force report, 1994). Analysis of sera from the
human volunteers showed that the vaccine had produced
antibodies capable of binding to hFSH as well as
blocking hFSH action (Moudgal ef al., unpublished
observations). The affinity of binding of these
antibodies to hFSH was also of a high order. Further
improvement in this vaccine approach is essential with
respect t0 (a) the substitution of oFSH with oFSHp
subunit, (b) a better formulation resulting in higher and
prolonged antibody titer in circulation, and (c) the use
of recombinant-derived instead of pituitary-isolated
product of FSH or its B subunit.

The olLH derived vaccine shows high potency in
bringing about sharp and sustained reduction in serum T
levels leading to acute oligozoospermia/azoospemia
both in rabbits and monkeys®. Vaccination with oLH,
unlike with oFSH, results in a significant reduction in
testicular size. The ovine gonadotropin (FSH and LH)-
based vaccines do not require any conjugation with a
second protein (e.g. as in the case of hCGﬁM) since they
are naturally immunogenic and elicit a response when
formulated with Alugel, an adjuvant cleared for human
use. Immunization with LHRH conjugated to tetanus or
diphtheria toxoid or other carrier proteins results 1n a
significant reduction in both FSH and LH levels as well
as T production, and the efficacy of this vaccine has
been tested in rat, rabbit, monkey and in human
volunteers having advanced prostatic cancer™ %',
However, immunization with either LH or LHRH will
have to be accompanied by exogenous T supplementa-
tion.

The vaccine approach to male contraception is highly
attractive as it calls for injection of the immunogen as
boosters, at present only once in 90-100 days as
observed in monkeys. However, it takes nearly 2-6
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months to achieve the desired positive effects of the
vaccine and hence the use of a suitable barrier method
of contraception (like the condom) is necessary in the
interim period to prevent unwanted conception. Infer-
tility brought about by the vaccine approach should,
under normal circumstances, be reversible. Though there
has been some apprehension that gonadotropin vaccines
might lead to autoimmune diseases, recognition of self-
antigen, etc., immunopathology and clinical toxicology
studies have shown with regard to oFSH vaccine that
this fear is largely unfounded®.

Gonadotropin receptor-based approach

The possibility of using intact or peptide fragments of
FSH and LH receptors, either independently or together
with the gonadotropins, offers a new approach for the
development of additional male contraceptive methods.
Selected fragments of the extracellular domain of the
receptor are preferred to the holoreceptor, since the
latter leads to production of antibodies that exhibit both
agonistic and antagonistic activities®®. Several investi-
gators have successfully synthesized the desired
fragments of gonadotropin receptors either by chemical
means’> '° or by recombinant DNA technology (J. F.
Catteral and M. R. Sairam, personal communications)
and it remains to be seen how successful these attempts
will be in producing a viable product of contraceptive
potential. In general, it may turn out that the receptor
fragment is a much better candidate contraceptive vac-
cine as the turnover of the receptors (relative to the
gonadotropins) is much slower. Further, it may not be
far-fetched to presume that a low antibody titer would
suffice to block the receptor sites for longer considering
the fact that the Sertoli and Leydig cells in the testis are
limited in number in the adult mammal.

Conclusions

Even though research into the development of a viable
male contraceptive has been progressing 1n fits and
starts, it is hoped that the information accrued so far
would pave the way for a smooth, efficient and faster
analysis of the potential methods on hand leading to the
availability of newer options for effective male fertility
regulation in the near future. It is possible that we will
have more than one method suitable for different socio-
economic/ethnic groups. In addition, parallel attempts
are also underway at several institutions to devise
effective methods of controlling the fertility of domestic
and other animals. Active participation of and colla-
boration between pharmaceutical industries and the
basic research scientists, being initiated or already in
progress at many institutions/research centres, may
hasten the entire process. Finally, as Waites”' purports —
‘.... the subject of Andrology needs to be strengthened
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throughout the world so that scientists in developing
countries can participate fully in this work’.
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