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Abstract

Compared to efficient and secure female contraception, a vasectomy and condoms are the only options for men. The
choice of male contraceptive methods is limited, so contraception mainly rests on the shoulders of women. Several
concepts are considered: testosterone administration — inhibiting pituitary secretion of lutropin (LH) and follicle
stimulating hormone (FSH), progestogen — affecting the secretion of gonadotropin and gonadoliberin (GnRH)
antagonists. New potential targets for non-hormonal male contraception were discovered: glyceraldehyde-3-phos-
phate-dehydrogenase (GAPDHS) - specific to male germ cells and voltage-gated cation channel (CatSper). Both
are responsible for sperm motility. Drugs such as thioridazine used in schizophrenia treatment and phenoxyben-
zamine (antihypertensive activity) exhibit a contraceptive effect. Similar action exhibits an analogue of lonidamine
- adjudin and an antagonist of retinoic acid receptors (BMS-189453). Researchers are working on a contraceptive
vaccine, whose active ingredient is epididymal protease inhibitor (Eppin). Another promising method acts by
blocking Bromodomain testis-specific proteins (Brdt) involved in the process of spermatogenesis. JQ1-the Brdt
inhibitor causes reversible infertility without affecting the endocrine signaling pathways. A recent discovery of Juno
as the binding partner for Izumol identifies these proteins as the cell-surface receptor pair, essential for gamete
recognition and this interaction can be inhibited by an anti-Juno monoclonal antibody. Our review shows that the
situation of men can change and investigators are close to the optimal solution. In the near future men will be able
to choose the best contraceptive suited to their needs (Adv Clin Exp Med 2015, 24, 4, 705-714).
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Compared to contraception for women, which
includes a number of different methods, men have
access only to condoms and a vasectomy. De-
scribed studies have shown that this situation may
change. Both hormonal and non-hormonal con-
traception ideas are recently evolving.

There are many challenges facing researchers
trying to reach a specific goal in spermatogenesis,
which include: 1) an incredible number of sperm
produced by the fertile men - 1,000 per heartbeat,
2) the difficulty of fully suppressing these millions
of sperm produced per day as compared to a rela-
tively easy task of preventing the formation of one
egg per month in women, 3) the fear that an im-
pact on the production of germ cells may change

the genetic material of the offspring and 4) the
blood-testis barrier, which, on the one hand, pre-
vents harmful molecules from the blood, on the
other hand, makes it difficult to create drugs of
pharmacokinetics proper for that tissue. Unex-
pected side effects, large financial and regulatory
obstacles can also play a major role [1]. In addi-
tion, effectiveness, convenience and safety of exist-
ing methods of contraception made for women has
set a high bar for researchers.

This places demands on male contraception,
which should be 1) as effective and safe as female
methods, with the ability of achieving sterility
quickly with complete restoration after the with-
drawal of treatment 2) free of side effects on future
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progeny 3) financially affordable and convenient
in use [2].

Mechanical Methods
— Condoms and Vasectomy

Since the 19th century, condoms have been one
of the oldest and most popular methods of contra-
ception in the world. They are also one of the basic,
cheapest and quite effective methods of prevent-
ing pregnancy, but most of all they protect against
sexually transmitted diseases, mainly HIV (human
immunodeficiency virus), and should therefore be
used as a prophylactic against the transmission of
these infections [3]

The first mention of the use of condom dates
back to the world of the ancient Greeks and Ro-
mans, whose approach to sexuality was unham-
pered. However, condoms similar to those cur-
rently used appeared in the 16" century.

As the precursor in this field is considered by
an Italian anatomist and physician Gabriella Fal-
lopia who wrote a treatise “De Morbo Gallico”
(“The French Disease, or syphilis”) in 1564. He of-
fered a linen sheath, soaked in a chemical solution
wrapped around the penis to protect from syphilis.
Later at the time of the accession of Charles IT of Eng-
land, the name “condom” appeared. Apparently this
name comes from a royal physician Dr. Condom,
whom the king commissioned to come up with an
adequate invention for his soldiers, but at the time
condoms were widely available in the UK and sold
on the streets by the merchants. A breakthrough
came in the mid-19" century, when the American
Charles Goodyear in 1837, created and patented the
first rubber condom. After that event condoms were
mass-produced. In 1916 Julius Fromm, born in Ko-
nin, a Polish Jew, patented a method for the pro-
duction of latex condoms seamless, more durable,
made of thinner material. In the interwar his in-
vention was to conquer the world. Currently most
commercially available condoms are made of latex.
Other substances such as AT-10 resin, polyisoprene,
and polyurethane are also used in manufacture.

Polyurethane can be considered a better mate-
rial than latex due to the fact that it conducts heat
better and is not as sensitive to heat or ultravio-
let light. It has less stringent storage requirements
and a longer shelf-life. It can also be used with oil-
-based lubricants. Polyurethane is the materi-
al with no allergenic properties and no aftertaste.
However, polyurethane condoms are less flexible
than latex and appear to be more vulnerable to
slipping off the penis during withdrawal or crack-
ing than those made of latex. The disadvantage of
this method is a relatively high price. Pearl index

is a tool to measure the effectiveness of birth control
methods and values of 10-15 for condoms (compar-
atively for female hormonal contraception 1-3) [3].

Vasectomy

Vasectomy is for now the most reliable meth-
od of male contraception. This is the second, after
condoms, available form of protection against preg-
nancy. Despite its high efficiency, this procedure can
generate problems resulting from insufficient infor-
mation given to the patient before surgery, improp-
er performance of surgery or inadequate care of the
patient after surgery period until the definitive infer-
tility is obtained. The principle of a vasectomy is to
break the continuity of the vas deferens. This can be
achieved by using different techniques. Despite the
differences, there is no evidence of significant superi-
ority of one method over the other in effectiveness in
preventing pregnancy [4]. Men choose vasectomies
for various reasons but the decision should be well
thought out. The duty of the physician is to inform
the patient about the potential complications that
may occur when the procedure is performed. One
of the most common long-term complications after
vasectomy is a scrotal pain [5]. The etiology of the
pain is unclear. Some authors, on the basis of obser-
vations of vasectomized men and the control group
without performed surgery, pay attention to the ob-
struction of the vas deferens, sperm granulomas and
chronic epididymitis as aetiologic factors. [6] Anoth-
er complication is spontaneous recanalization of the
vas deferens in 0.03-1.2 % of patients after a proved
successful vasectomy [7]. After 10 years, about 2%
of vasectomized men have chosen a partially rever-
sal surgery. Approximately 60% of men after bilat-
eral vasectomy develop antibodies against sperm
[5]. On the one hand, some researchers suggest that
such antibodies may lower the chances of a success-
ful pregnancy after vasectomy reversal [8] and vasec-
tomy should be considered irreversible. On the oth-
er hand, other researchers claim that the pregnency
rate is relatively high (50-70%) [6] and the presence
of antibodies do not closely correlate with postoper-
ative ability to conceive [9]. Patients undergoing va-
sectomies are advised to avoid sport activity and ex-
ercise for a given period. Semen analysis should be
performed after 3 months to determine infertility.
The surgery should be repeated in patients whose
postvasectomy semen analysis shows motile sperm
after 6 months.

Male Hormonal
Contraception - Principles

The purpose of hormonal male contraception
is the inhibition of spermatogenesis to achieve
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at least severe oligospermia (< 106 sperm/mL)
[10]. Both luteinizing hormone (LH) and follicle
stimulating hormone (FSH) are necessary for the
maintenance of quantitatively normal spermato-
genesis and both gonadotropins need to be sup-
pressed to impair this process. Hormonal contra-
ception strategy consists of the inhibition of LH
and FSH production in the pituitary gland to de-
crease testosterone production in the testes and ul-
timately impair spermatogenesis. An effective reg-
imen of hormonal contraception should lead to
a strong negative feedback inhibition of both go-
nadotropins. In order to avoid side effects levels
of peripheral circulating, androgens should remain
within the normal range with a simultaneous de-
crease in their levels in the testes [10]. The inhibi-
tion of gonadotropin release, and subsequent re-
duction of testicular testosterone level also reduces
plasma concentration of androgens and thus abol-
ishes their anabolic effects on muscle strength and
libido. Testosterone blood concentrations must
therefore be maintained by androgen supplemen-
tation. The most important symptoms of testoster-
one deficiency include the following: weight gain,
lipid imbalance (HDL/LDL), abnormal glucose
level. Another nuisance is acne, low libido, de-
creased testicular volume and mood swings. Such
effects occur in a few percent of men testing hor-
monal contraception.

Various Strategies
for Hormonal Male
Contraception

Testosterone Alone

There are various methods of testosterone ad-
ministration and its combinations with other sub-
stances. The variety of methods arises from the
will to obtain the right balance between benefits
and side-effects. The use of testosterone as a male
contraceptive has been tested for the first time by
the WHO in 1996. The intramuscular administra-
tion of 200 mg of testosterone reached full effec-
tiveness of contraceptive method among 137 cou-
ples. There was only 1 pregnancy during the effica-
cy phase [11]. The results of WHO research indi-
cate the effectiveness of testosterone monotherapy
in 91% Asian and only in 60% Caucasian [11]. The
activity of alpha-5-reductase or polymorphism
of UDP- glucuronosyltransferase, responsible for
the glucuronidation of testosterone to testoster-
one glucuronide, may explain race-related differ-
ences. In another trial there is information about
androgen receptor polymorphism that contrib-
utes to ethnic differences in response to hormonal

contraceptive for men but large-scale multi-ethnic
studies must be conducted to confirm this infor-
mation [12]

Testosterone
with Gonadotropin-Suppressing
Agent

Another possibility is the administration of
testosterone with progestin. This is a highly de-
veloped form of hormonal regulation of sper-
matogenesis in the context of male contracep-
tion. Progestin has anti-gonadotropic activi-
ty and supports the action of testosterone. The
combination of these two hormones is much
more effective in suppressing sperm production
in Caucasians than testosterone alone [13]. Sev-
eral combinations of various progestins and de-
rivatives of testosterone have been tested in clin-
ical trials within the last 30 years achieving dif-
ferent effects. It has been shown that proges-
tins with a higher intrinsic androgenic activi-
ty are more effective in inhibiting the produc-
tion of LH in rats than pure antagonists [14].
The study also demonstrated effective combina-
tion of a GnRH antagonist plus testosterone as
a male contraception [15]. This antagonist acts
by competitive inhibition of the action of endog-
enous GnRH.

GnRH Agonists and Antagonists

The GnRH agonists used alone effectively
suppress testosterone levels to castrate levels in
patients with prostate cancer, while suppressing
spermatogenesis. One study of male contraception
showed that additional testosterone supplementa-
tion paradoxically weakens GnRH agonist inhibi-
tory effects on spermatogenesis, precluding the use
of this combined therapy. The reason for this phe-
nomenon is not clearly elucidated but it is suspect-
ed that the return of FSH secretion [16] and re-
sidual testosterone secretion in the testicles can re-
store spermatogenesis.

Another contraceptive method turned out to
be ineffective, and, therefore, much has been ex-
pected from GnRH agonists. Testosterone with
GnRH antagonists has proven much more prom-
ising. Better results can be obtained if the dose of
testosterone is low, and its administration delayed
[17]. GnRH antagonists do not cause any side ef-
fects other than skin reactions due to histamine re-
lease. Currently, efforts are under way to develop
this method, but it will be difficult because of their
high cost, difficulty of administration, low potency
and local irritation [17].
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Selective Androgen Receptor
Modulators

Another possibility is the use of SARMs (Se-
lective androgen receptor modulators). The
7a-Methyl-19-Nortestosteron (MENT) implants
in combination with etonogestrel effectively sup-
press spermatogenesis. However, adverse reac-
tions, including increase in haemoglobin level, an
elevated systolic blood pressure and decrease in
HDL cholesterol. This promising result was not
sustained due to a decline in MENT release from
the implants [18].

Dimethandrolone Undecanoate

Dimethandrolone undecanoate (DMAU: 17p-
-undecanoate 7a, 11 p-dimethyl-19-nortestosterone)
made its debut recently in the field of male hor-
monal contraception. DMAU is an active andro-
gen with progestational activity. Cleavage of the
17beta-ester bond by esterases in vivo gives rise
to the biologically active androgen - dimetandro-
lone (DMA). Apart from androgenic activity of
DMA, it also binds to the progesterone receptors
and exerts progesteronic effect [19]. The DMA
with its dual activity might have an important
role as a single-agent oral contraceptive. Studies
in rabbits have shown that the administration of
DMAU at 2.5 mg/kg/d resulted in the most effec-
tive contraceptive effect by reducing sperm count
and sperm motility. Both low-dose (1.0 mg/kg/d)
and high-dose (10.0 mg/kg/d) did not lead to in-
fertility. Interestingly, the high dose did not show
any harmful effects on sperm motility or sperm
number [10]. The effect of DMAU is biphasic, but
at an appropriate dose level exerts a contraceptive
action.

Connection Between
Adverse Effects and Ways
of Administration

Testosterone is a key hormone for sexual be-
havior and sperm production. It affects social rela-
tions and regulates the psychophysical well-being.
For this reason, birth control methods which affect
hormonal balance should be precise enough and
meet the requirements for the effective application
of these methods. One factor affecting the accep-
tance in patients is the need to routinely inject the
drug. The solution to this problem might be to use
testosterone and nestorone transdermal gels. Stud-
ies show that this route of administration of hor-
mones is more accepted among patients with the

efficacy of 88-89% among different ethnic groups
and allows us to effectively achieve the sperm con-
centration to less than 1 million/mL with min-
imal side effects [13]. An optimal hormone ad-
ministration method has not yet been identified.
Long-acting depot injections would be the most
desirable way. In addition to the injection proce-
dure, it should be verified whether testosterone or
a synthetic androgen should be an active ingredi-
ent. Low intrinsic androgen activity of testosterone
makes it technically difficult to use it in the depot
formulation, since rather high doses of steroids are
needed. Likewise it is still an open question as to
whether combining androgen with another anti-
gonadotropic compound is really advantageous,
because no convincing data on increased efficien-
cy or less intense side effects have been presented.
Promising results were obtained using a combina-
tion of a progestin with testosterone esters in a de-
layed release formulation and administered by in-
jection. According to present knowledge the opti-
mal solution is subcutaneous implant of progestin
and androgen [17].

Non-Hormonal Male
Contraception

Methods Disabling
Sperm Motility

Sperm motility has a significant impact on fer-
tility and it became one of the targets for research-
ers developing male contraceptives. Studies have
shown that the glycolytic pathways in mamma-
lian sperm contain a number of isoenzymes that
are not expressed in other cells of the body [20].
One of these enzymes is a germ cell-specific GAP-
DH (glyceraldehyde 3-phosphate dehydrogenase)
that is expressed exclusively in spermatocytes and
it is closely associated with the fibrous sheath that
is part of the flagellum [27]. Studies in mice have
demonstrated that GADPH is required for male
fertility. The deficient enzyme activity and signif-
icantly lower ATP levels causes impaired sperm
function that is observed as lack of progressive
motility [21]. Mammalian spermatozoa have mo-
tile activity during ejaculation, but before reaching
the egg they become hyperactivated in order to get
through cumulus and zona pellucida. These move-
ments require influx of calcium into the sperm
through CatSper - voltage-gated ion channel lo-
cated in the principal piece of the flagellum. Stud-
ies in mice have shown that targeted disruption of
the gene encoding this channel results in male ste-
rility. The motility of spermatozoa was decreased
and they were unable to fertilize intact eggs [22].
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These properties make CatSper channel an ideal
target for both male and female contraception.

Drugs Affecting
Spermatogenesis

Until now several substances can affect sper-
matogenesis, but none of them has yet been in
clinical use. It is well known that vitamin A plays
a significant role in spermatogenesis. Studies in
mice have confirmed this thesis. RAR (retinoic ac-
id receptor) is part of a signal transduction path-
way modulated by vitamin A. RAR-null animals
are infertile due to multiple spermatogenic de-
fects [23]. BMS-189453 is an antagonist of all three
types of retinoic acid receptors that has been creat-
ed for patients suffering from skin and inflamma-
tory diseases. Experiments conducted on rats have
shown that one of its side effects is infertility. The
disputed issue relates to the durability of this ef-
fect, but nevertheless there have been studies per-
formed indicating that infertility in mice after oral
administration of BMS-189453 is reversible [24].

Drugs Suppressing Muscle
Contraction of Vas Deferens

Phenoxybenzamine, non-selective-adrenergic
blocker, causes inhibition of ejaculation without af-
fecting the libido, erection or orgasm. The effect is
achieved by blocking the contractions of the longitu-
dinal but not circular muscle of the vas deferens [25].

Another drug affecting vas deferens muscles
contraction is thioridazine - an antipsychotic phe-
nothiazine derivative [26].

Lonidamine Analogues

Adjudin is an analogue of an anticancer drug
called lonidamine. The drug acts by blocking the
maturation of spermatozoa in testicles by disabling
the connection between Sertoli cells and young
gametes. It’s a completely reversible contraceptive
effect was discovered in the 1980s. Fertility returns
in rats after 11 weeks of drug withdrawal. Studies
in dogs and rabbits also confirm this effect. How-
ever, the widespread use of it is excessively diffi-
cult because of nephrotoxicity, a major disadvan-
tage that occurs with high dose intake.

Promising results were achieved with a mo-
dified connection of adjudin with FSH hormone
without intrinsic activity, but still recognized by the
specific receptors located in the Sertoli cells. This
allowed for a significant reduction in the effective
dose of adjudin and hence organ toxicity. Produc-
tion costs of such preparation at the moment are
too expensive to be widely used as contraception.

Other lonidamine analogues, gamendazole
and CDB-4022, exert their effects by disrupting
germ cell anchoring junctions in the seminifer-
ous epithelium. Despite the promising effects of
gamendazole, data of the acute and subchronic
toxicity is unknown. Unlike gamendazole, CDB-
-4022 was well tolerated with no observable side
effects. Perhaps this group of substances could be
the future of male contraception, but still requires
many years of research [27, 28]

Epidydymal Protease Inhibitor
- Contraceptive Vaccine

In 2004, Eppin (epididymal protease inhib-
itor) made its debut in the field of male contra-
ception. Infertility was achieved by blocking the
function of Epp (epididymal protease) in nonhu-
man primates using antibodies and it turned out
to be reversible [2, 29]. A study in small animals
was conducted to assess the potential of Eppin as
a contraceptive vaccine. Seven out of 9 male mon-
keys (78%) developed high anti-EPP antibodies ti-
ters and were found to be infertile. Fertility was
restored in 5 of the 7 monkeys (71%) [29]. Epp is
an epididymis-specific protein which functions as
a central hub for a sperm surface protein complex.
It exerts its effect by binding to SEMG1 (semeno-
gelin-1) protein responsible for the coagulation of
the semen in human spermatozoa to modulate the
motility [30].

Brdt Bromodomain
Inhibitors - New Look
at Male Contraception

JQ1 blocks the production of sperm in the tes-
tes by blocking BRDT (Bromodomain testis-spe-
cific protein). The researchers found this bromo-
domain inhibition as a new therapeutic strategy in
the male contraceptive field. Bromodomains are
small modules that bind acetylated lysines. They
are always part of a larger protein complex com-
posed of many bromodomains and play a role in
the regulation of gene transcription and chroma-
tin remodeling [31]. The human genome is known
to encode 56 bromodomains spread across 42 pro-
teins [32]. The study of the spatial structure of bro-
modomains has shown that they have a common
left-handed super-coil consisting of 4 antiparallel
alpha-helices.

The acetylated-lysine binding site is locat-
ed at the end of helix bundle and contains a con-
served asparagine-containing chain segment, and
tyrosine. The specificity and affinity of histone
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proteins recognition depends on ZA and BC loops
surrounding the lysine-binding site and is different
for each bromodomain [32].

The starting point for bromodomains re-
search in the context of contraception was the ex-
istence of triazolothienodiazepine (JQ1) - a po-
tent inhibitor of Brd4 bromodomain (Bromodo-
main-containing protein 4) that has a role in the
pathogenesis of cancer by inhibiting the transcrip-
tion of the oncogene Myc (myelocytomatosis on-
cogene) [34]. Blocking bromodomains in proteins
involved in the transcription’s initiation and elon-
gation of other MYC-dependent genes leads to the
cessation of cell cycle and division of tumor cells
such as multiple myeloma or certain hematologic
malignancies (AML-acute myeloid leukemia) [34].
Intensively proliferating germ cells have function-
al similarities to the tumor cells. Spermio- and
spermatogenesis are unique processes in which the
male genome must be properly packed to preserve
its integrity during complex changes in the struc-
ture of chromatin and the entire developing germ
cells. These phenomena require sophisticated con-
trol system of which bromodomains are part [32].
Dynamic structural changes in chromatin that oc-
cur during spermatogenesis are still not fully un-
derstood but it is clear that the correct Brdt is nec-
essary for the proper conduct of these process-
es. Chromocenter is the central organizing chro-
matin structure of spermatids and mature sperm,
and without the proper functioning of Brdyt, it is
impossible to achieve the correct architecture of
the sperm nucleus [32]. The significance of bro-
modomains in spermatogenesis was inspired by
the suspicion of their involvement in the patho-
genesis of male infertility. In the research of Bar-
da et al., 120 men (n = 120) with confirmed azo-
ospermia, histological and cytological tests of tes-
ticular tissue were performed. Findings were as
follows: a mixed cell atrophy, spermatocytes mat-
uration arrest, SCO (Sertoli cell only), or normal
spermatogenesis. The resulting formulations rat-
ed qualitatively and quantitatively bromodomain
expression and the localization of four BET family
genes as well as BRDT protein localization in tes-
tis and sperms. Brdt gene was not expressed in tes-
ticular tissue in patients with SCO leading to azo-
ospermia, while the expression of the other three
BET family bromodomains was invalid in patients
with other causes of azoospermia [35]. Brdt pro-
tein was localized in testicular tissue, spermato-
cytes, spermatides and ejaculated spermatozoa.
Brdt Protein expression was almost completely
halted in testicular tissue samples from patients
with impaired maturation of sperm. Importantly,
the pattern of Brdt expression in humans differs
from Brdt expression in mice. In humans Brdt is

the only BET family member confined only to the
expression of germ cells in the testes [35]. Brdt (t-
testis) is a protein characteristic of testicular tis-
sues associated with chromatin. Its expression oc-
curs in spermatocytes (diplotenie, pachytenie) and
round spermatides [36].

During postmeiotic maturation Brdt organises
hiperacetylated histones in the nucleus binding to
tetra-acetylated histone tail end 4 (H4Kac4) [37].
Genetic research of Brdt showed that the selec-
tive removal of the BRDT1 coding region is insuf-
ficient to obtain the effect of infertility [36]. This
fact can be confirmed by the nucleotide polymor-
phisms of the Brdt gene, which is significantly as-
sociated with oligospermia or azoospermia in Eu-
ropean men with idiopathic infertility [38]. All of
these findings directed our attention to Brdt and
Brd4 control as a potential target for male contra-
ception. BRDT1 and BRD4 bromodomain struc-
ture have 81% identity and 89% similarity includ-
ing the entire surface of contact with the inhibi-
tor JQ1. Based on these similarities and the results
of fluorimetry [33] it was decided to further inves-
tigate the influence of the JQ1 on BRDT1. It was
found that direct Brdt inhibition by JQ1 shows
a dose- and time of application-dependent effect
of braking spermatogenesis. Structural studies of
connection between JQ1 and Brdt exhibit comple-
mentarity type of ligand-receptor and complete
closure of the acetylated lysine recognition site.
In vivo JQ1 factor leads to impaired spermatogen-
esis and reduced sperm motility by affecting the
meiotic and postmeiotic stages of development of
male reproductive cells.

The macroscopic impact of the JQ1 in mice ex-
poses itself as a reduction in the size of the testi-
cles in all males after JQ1 exposure. Daily intra-
peritoneal injections of 50 mg/kg of JQI in male
mice from the age of 3-6 weeks obtained a tes-
tis average size reduction of 75.4% testis sizes of
the control group. In males of 6-9 weeks of age
average reduction was 54.7% of testis size in rel-
evant age control group. JQ1 administration for
six weeks reduced the testicular volume to 40.6%
of the testicles sizes in the control group. Thus,
longer administration of the drug causes a great-
er reduction in testicular volume [31]. Research-
ers measured the impact of JQ1 treatment on lev-
els of FSH, LH and testosterone because the ab-
sence of glycoprotein hormones and damage of
androgen signal pathways causes male infertility
[39]. Differences between the levels of these hor-
mones in those exposed to the JQ1 group and the
control group were not statistically significant. The
weight of the seminal vesicles as the main andro-
gen sensitive tissue was similar in both groups. In
the mice treated with JQ1 the presence of normal,
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testosterone-producing Leydig cells was histologi-
cally confirmed. It follows from this that the agent
JQ1 is germ cell-specific and does not affect hor-
monal-dependent processes [31]. Histological ex-
amination showed JQIl-dependent decrease in
the number of tubules containing round sperma-
tids and sperm in their light. Detailed microscopic
analysis showed degeneration of the seminiferous
tubules, and germ cell death, with multinucleated
symplasts formation. These results are similar to
those observed in the mice with knockout Ccnal
(cyclinel) gene, which are infertile due to a block
in spermatogenesis [31]. In order to investigate the
effect on sperm production, assayed for mouse ep-
ididymal spermatozoa in JQI test subjects. Sperm
count decreased to 11% of the control group after
6 weeks of treatment. Analysis of sperm motility
after 3 weeks of JQladministration (50 mg/kg once
daily) revealed 4.5-fold reduction in sperm motil-
ity. After six weeks of daily administration of JQ1
only 5% sperm showed increased motility as com-
pared to 85% of sperm in the control group [31].
Twice larger doses of JQ1 caused damage effects
similar to those observed in BRDT1 deficient mice
research of Shang et al. [36].

Under the influence of JQ1 the expression
of many genes essential to the germ cells is sup-
pressed. These results are important because the
lack of Cyclin A1l results in spermatocytes block
in mice. Msy2 knockout mice are infertile with
a block of postmeiotic cells and the lack of protein
AKAP4 (A-kinase anchor protein 4) impairs mo-
tility. Lack of kinase C results in a polyploid nuclei
as a result of blockage of meiosis [31]. In addition
to the genes Ccnal (cyclin Al), Msy2, PIk1 (polo-
like kinase 1) Aurkc (arora kinase C) and Akap4,
other key genes expressed during meiosis or sper-
miogenesis, including Brdt, Papolb (poly (A) poly-
merase beta (testis specific)), KIf17 (Kruppel-like
factor 17) and Prm1 (Protamine 1) are from 2.1 to
7.3 times lower in the testes of mice treated JQ1
compared with the control group [31]. In Brd4-de-
pendent carcinomas, the antimitotic effect of JQ1
is related to the suppression of the cell cycle in the
G1 phase. The possible nonspecific toxic effect on
other tissues subject to strong proliferation, such as
bone marrow or the large intestine, was not found.
To exclude antimitotic effect via BRDT blockage
researchers performed the phosphorylated serine
10 marking of histone H3, which develops during
the condensation of the chromatin mitotic nuclei
of spermatogonia. Changes in the content of this
serine were not found, confirming the selective
JQ1 effect on spermatocytes. Further confirmation
has been found in the quantitative microscopic as-
sessment of cells not recording a decrease of cyclin
D1 (cell cycle regulator) in the nuclei of cells, and

no increase in the number of Tunnel positive cells
(Tunnel-test for locating DNA fragmentation). All
performed measurements exclude non-specific an-
tiproliferative effects of JQ1 toward BET bromo-
domains in mitotic germ cells [31].

In order to investigate the reversibility of the
contraceptive effect after JQ1 withdrawal experi-
ments taking into account the number of repro-
duction, the number of sperm and testicular weight
were performed in mice after discontinuation of
treatment. In mice treated with JQI, the full effect
of contraceptive sustained for one month after dis-
continuation of the drug, confirming the durabili-
ty of action on spermatogenesis. After 4 months of
JQ1 withdrawal all males spawned offspring in the
number statistically similar to the control group.
The average time to effective copulation after dis-
continuation oftherapy wasdeterminedto31.7+6.0
days (26-38 days range). After complete mating
period of 7 months (i.e. 4 months after discontin-
uance of administration of smaller doses of JQ1),
the size of the testes, vas deferens, the surface of the
seminiferous tubules, the histological construction
of testicular sperm motility and number returned
to levels statistically similar to the control group
and were associated with the full fertility recovery
[31]. Mice after JQI1 treatment at doses of 50 mg/
/kg/day followed by 75 mg/kg/day regained fertil-
ity within 6 weeks after administration of the drug
has been halted and the drug did not exhibit any
long-term effect on fertility after its withdrawal.

For administration of JQ in higher doses and for
longer periods in mice (50 mg / kg twice a day), the
average time for effective mating after the discon-
tinuation of therapy was determined to 65.7 + 7.7
days (range: 58-81 days). Thus JQ1 prolonged
therapy and/or increasing doses of the drug pro-
longed the infertility period for about one month.
To more precisely determine the long-term ef-
fects of JQ, mouse testicles were examined af-
ter 2 and 4 months after 6 weeks discontinuation
of JQ1 treatment at doses of 50 mg/kg/day. After
2 months, the number and motility of sperm in-
creased in order to achieve normal parameters
in four months. After this time seminoferous tu-
bules were indistinguishable to control group [31].
Mice treated with high doses of JQ1 (2 x 50 mg/
/kg/day) recovered the normal sperm number and
motility after 60 days with confirmed fertility. De-
pending on the duration and total dose of JQ1, tes-
tis and sperm parameters were normalized within
1-3 months leading to the recovery of full fertili-
ty [31].

External, pharmacological interference with
the processes associated with the genetic materi-
al can, however, raise doubts about the safety and
integrity of the information stored in it. The risk
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to offspring, resulting from DNA damage, would
surely disqualify this type of contraception, but the
results of studies in mice did not show such effects.
JQ1 treated male’s offspring showed a normal size,
activity and behavior of a control group’s offspring.
The second generation’s offspring of males treat-
ed with JQ1 also showed normal size and proper
parameters of testicles and sperm. The impact of
JQ1 on other members of the BET family proteins
that are also expressed in testes of mice cannot be
ruled out, but the state of mitotic spermatogonia
remains unchanged in mice treated with JQ1. Oth-
er toxic effects on testicles or other tissues of mice
such as mucosa of the gastrointestinal tract, which
could indicate an antimitotic effect as a result of
inhibition of Brd4 was not found [31]. JQ1 is clear-
ly an inhibitor of BET family proteins and its pri-
mary contraceptive effect on germ cell line falls on
a peak torque of BRDT protein expression.

The idea of blocking bromodomains as male
contraception reinforces the belief that they are
an easily available target. It should be emphasized
that the studies on Brdt inhibitors are also carried
out in other species and in future tests will be per-
formed on humans. New derivatives of JQ1 with
enhanced specificity for Brdt are created to in-
crease the selectivity of the drug. Greater affinity
and specificity will prevent long-term side effects
of non-specific inhibition of other BET domains.
To sum up, JQI appears to be the leading exam-
ple of a new generation of drugs, which by inhib-
iting bromodomain during spermatogenesis, im-
pairs the formation of sperm and their motility,
leading to the reversible contraceptive effect with-
out affecting the endocrine pathways.

Juno and Izumol

The recent discovery of an extracellular recep-
tors pair essential for successful fusion of gametes
set a context for the development of newer con-
traceptives. Gene disruption studies indicated that
IZUMOLI, a 377 amino acid type I transmembrane
protein, is localised on spermatozoon but its re-
ceptor on egg remained unknown [40]. Recent-
ly, folate receptor 4 (Folr4) has finally been ver-
ified as the Izumol receptor on the mouse egg.
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Researchers proposed to rename it Juno (after the
Roman goddess of fertility and marriage) because
of its effect on fertilization and its inability to bind
folate. The Izumo-Juno interaction is conserved
within several mammalian species, including hu-
mans and can be inhibited by an anti-Juno mono-
clonal antibody [40].

Conclusions

The situation of men in the field of contracep-
tion may change. This article reviews the presently
available, soon to be available, and possible meth-
ods based on much more sophisticated knowledge
of spermatogenesis, insemination and fertiliza-
tion at the molecular level. Not every birth control
method is mentioned above, only the main objec-
tives for the development of a male contraceptive.
The most popular form of contraception will be
the result of the interaction of a number of medi-
cal and social factors, which vary in importance for
one man to another. The currently available male
birth control options should meet different expec-
tations (as well as female options). Proven safety
and simplicity of use of female contraception sets
a high standard of excellence which it will be hard
to equal in male contraceptive field. In addition to
the possibility of reversing infertility, it should be
affordable and, most of all, have the least side ef-
fects. A short description of the main methods in-
dicate that different types of changes in the appear-
ance and functioning of organism may occur. In
some cases, the risk is likely to be disproportionate
to the benefits and ideas surely will be abandoned,
while in other cases developing the ideas will be
possible because of potential benefits, that will be
greater than potential risks. Taking birth control
pills at the same time every day or doctor visits will
be the duty of men who want to maintain contra-
ceptive effectiveness and safety. To facilitate this
task the new formulations should have a simple
dosing schedule. The results of subsequent clin-
ical trials verify which one of these methods will
be most beneficial to the majority and which one
will be a tool for men to level the playing field with
women.
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