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Effects of PDES inhibitors on the male reproductive potential:

Fotios Dimitriadis (FD)
X-Assisted Professor, Department
of Urology, Tottori University School
of Medicine, Yonago, Japan

>/

helabio@yahoo.gr

AZ: Gentlemen, the restaurant is great, please
relax, and let's have a nice dinner.

NS: Fotios, | see that your face looks skeptical
and confused. Why? You do not like the wine?

FD: | have just finished the outpatient clinic. One
of my idiopathic infertile patients asked me a
difficult question which I receive several times
every week: Are there any effective pharmaceu-
tical agents for the therapeutical alleviation of
oligoasthenoteratozoospermia?

NS: To the best of my knowledge there are
fewer than five randomized, placebo-controlled
trials evaluating the effects of pharmaceuti-
cal agents on the reproductive potential of
infertile men.

FD: After 2009, the number of publications on
the effects of PDE5 inhibitors on quantitative and
qualitative sperm parameters has been dramati-
cally increasing, isn't it interesting?

AZ: 1t is interesting but not unexplainable. Let us
remember that several members of the families
of phosphodiesterases are present both in the
testis and in the epididymis.

FD: Do you mean that specific cellular subpopu-
lations within either the testis or the epididymis
are positive for distinct members of the phos-
phodiesterases’ families?

NS: To the best of my knowledge, peritubular
myoid cells are positive for PDE5 expression.

A dinner conversation

by Fotios Dimitriadis, Athanasios Zachariou, Nikolaos Sofikitis

Athanasios Zachariou (AZ)
University Scholar, Department of
Urology, loannina University School
of Medicine, loannina, Greece

zahariou@otenet.gr

Leidyg cells are positive for PDE11A, PDE4B,
PDE5, PDE8BA and PDE11. Sertoli cells are
known to be positive for PDE1, PDE3 and PDE4
expression. Human epididymis is known to be
positive for PDE3 and PDE5 expression. Vascu-
lar monocytes within the testis are positive for
PDE11 and PDEDb. Vas deferens is positive for
PDES. Prostate is positive for PDE5a, PDE11A4
and PDE11A1. It is logical to hypothesize that
administration of inhibitors of PDE5 may af-
fect testicular endocrine and exocrine function,
epididymal function, prostatic secretory function
and prostatic physiology. However it should be
emphasized that PDE5 inhibitors may additionally
inhibit to a smaller degree other phosphodies-
terase families within the testis. For instance,
PDES5 inhibitors additionally inhibit to a smaller
degree PDE11, PDE4, PDES, and PDE3. There-
fore administration of PDE5 inhibitors may affect
several cellular subpopulations within the male
reproductive tract.

AZ: What about the subpopulations of haploid
male gametes?

FD: Spermatids are positive for PDDE11, PDE4A,
PDE4D, PDE1A, and PDE1C. Spermatozoa are
positive for PDE1A, PDE3A, PDE4, PDES5, PDEG,
and PDE10A.

AZ: And what about the subpopulations of diploid
male gamete?

FD: Spermatogonia are positive for PDE11A,

PDE1, and PDE2. Primary spermatocytes are
positive for PDE11, PDE3, PDE4, and PDE1C.
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Nikolaos Sofikitis (NS)
Professor and Chair, Department
of Urology, loannina University
School of Medicine, loannina,
Greece

v.sofikitis@hotmail.com

NS: The above localization of selected PDE5-
families explains the enhanced Leydig cellular
secretory function and the increased Sertoli cel-
lular secretory function after administration of ei-
ther sildenafil or vardenafil. In fact, the increased
Leydig cellular secretory function post-sildenafil
administration has been proven by the increased
INSL3 production by human Leydig cells after
sildenafil administration. On the other hand, the
increased Sertoli cellular secretory function post-
vardenafil administration has been proven by
the increased androgen-binding activity/content
produced by human Sertoli cells after vardenafil
administration. Increased peripheral serum tes-
tosterone concentration has been demonstrated
post-avanafil administration, as well.

AZ: Do the above alterations in the secretory
function of Leydig or Sertoli cells affect any of
the standard parameters of the semen analysis?

FD: The enhanced Leydig or Sertoli cell secretory
function after sildenafil or vardenafil adminis-
tration may result in increased intraepididymal
lumen concentrations of testosterone or andro-
gen binding protein allowing optimal epididymal
sperm maturation process. The final result may
be an increase in sperm motility after admin-
istration of either sildenafil or vardenafil. An
alternative mechanism to explain the beneficial
effects of sildenafil on sperm motility may be
the enhanced prostatic secretory function es-
tablished after administration of sildenafil. In fact
post-sildenafil administration increased concen-
trations of markers of prostatic secretory function
have been demonstrated. Therefore a second
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attractive hypothesis may be that administration
of sildenafil, acting on prostatic PDE5, increases
prostatic secretory function with an overall re-
sult a positive effect on sperm motility. Such a
positive effect of sildenafil, vardenafil, or avanafil
on sperm motility has been demonstrated very
vividly in our laboratory and in other independent
laboratories. In a previous study the beneficial
effects of avanafil on sperm motility were at-
tributed to the longer length of sperm midpiece
post-avanafil administration. It is well known
that the sperm midpiece is the “battery” of the
spermatozoon and therefore positive effects of
avanafil on the sperm cytoskeleton affecting the
sperm motility have been demonstrated in the
above study. On the other hand, other groups
did not demonstrate a positive effect of sildenafil
on the standard parameters of semen analysis.

AZ: What kind of patient subpopulations were
employed in the above studies?

FD: In all of the above studies, one at least of
the standard parameters of the semen analysis
was abnormal (sperm concentration, or sperm
motility, or sperm morphology) in all the partici-
pants. One meta-analysis and systematic review
in 2017 has demonstrated that oral PDE5 inhibi-
tor treatment could modestly increase the sperm
motility and morphology in infertile men.

AZ.: | understand that sildenafil or vardenafil
have been proven in several studies effective to
improve sperm motility in oligoasthenospermic
infertile men. Do the above substances affect
reproductive hormones?

FD: It appears that the above pharmaceutical
agents do not affect serum reproductive hormo-
nal levels. On the other hand, a recent report has
indicated that avanafil administration increases
the peripheral serum testosterone levels.

AZ: What about the effects of tadalafil on sperm
qualitative and quantitative parameters?

NS: Tadalafil is known to inhibit to a certain de-
gree the PDE11. PDE11 is highly expressed in
the testis, prostate, and developing spermatozoa.
PDE11 knockout mice display reduced sperm
concentration, rate of forward progression, and
percentage of live spermatozoa. Pre- ejaculated
sperm from the above mice display increased
premature/spontaneous capacitance. In the
above study from UK the authors emphasize that
agents, like tadalafil, that inhibit PDE11 may have
the potential to disrupt regulation of spermatozoa
cAMP, and as a result may have detrimental ef-
fects on sperm physiology. A study from Andria,
Italy, has demonstrated that once-a-day tadalafil
administration improves the spermogram pa-
rameters in fertile patients. However the above
study has been criticized because the respective
results refer to fertile patients. It would be a
more clinically significant study, a clinical trial
evaluating the effects of tadalafil on the repro-
ductive potential of infertile patients since a small
impairment in sperm qualitative and quantitative
parameters may not be clinically important in
fertile patients, however, an impairment in sperm
qualitative and quantitative parameters may have
more serious consequences in infertile patients
(especially if they do not want to participate in
assisted reproductive technology programs). In
another communication from New Orleans, LA,
USA, it has been proven that there are not del-
eterious effects of nine months of daily tadalafil
20 mg on spermatogenesis or hormones related
to testicular function in men elder than 45 years
old. In a similar fashion, the above study cannot
be unequivocally interpreted as a clinical trial es-
tablishing a safety profile for tadalafil due to the
barrier that the latter study has employed men
with relatively high (or normal) sperm concentra-
tion, normal sperm motility, and normal sperm
morphology. In another different study from New
Orleans, LA, USA, it has been demonstrated that
chronic daily administration of tadalafil at doses
of 10 and 20 mg for six months has no adverse
effects on spermatogenesis on reproductive hor-
mones in men older than 45 years. However, for
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subjects to be enrolled in the latter study, semen
samples had to have certain minimum normal
values based on WHO criteria. Thus the latter
study has similar, as above stated, limitations
due to the fact that men with male factor infertil-
ity and at least one abnormal parameter of the
semen analysis had not been included. In an in
vitro study from Cairo, Egypt, it has been shown
that semen samples recovered from astheno-
zoospermic men and subsequently treated with
tadalafil concentration equal to 1 mg/ml dem-
onstrate significant increase in sperm progres-
sive motility, whereas, specimens treated with
4 mg/ml tadalafil concentration demonstrate a
significant decrease in sperm motility. Scientists
suggested that the effect of tadalafil on sperm
motility in vitro can be explained by a stimulation
of the cAMP-protein kinase A pathway, whereas
the inhibitory effect of this substance on PDE11
may also contribute to the effect of tadalafil on
sperm motility. All the above studies should be
coupled with the reports that tadalafil has been
shown to inhibit human recombinant PDE11A1
activity at therapeutic concentrations, which is
highly expressed in the testis and prostate, and
its important function in spermatogenesis has
been documented. On the other hand, several
studies have indicated that sildenafil and var-
denafil are one-two orders of magnitude more
selective for PDES than PDE11 compared with
tadalafil. The later studies offer a safety profile
for sildenafil and vardenafil for sperm physiol-
0gy, in contrast to the existing concerns on the
influence of tadalafil on sperm parameters in
men with abnormal values in semen parameters.

AZ: Dear friends, what about azoospermic
men? s it safe to recommend the administra-
tion of any PDES5 inhibitor in non-obstructed
azoospermic men prior to the performance of
testicular biopsy?

DF: The international literature supports that
administration of vardenafil in men with non-
obstructive azoospermia does not alter the sperm
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recovery rate after testicular biopsy procedures.
Thus non-obstructed azoospermic men with
erectile dysfunction may use vardenafil without
any consideration for the outcome of a subse-
quent testicular biopsy procedure.

AZ: Gentlemen, let me remind you that the posi-
tive effects of PDE5 inhibitors on erectile function
may assist a subpopulation of men who attempt
to produce a semen sample at the day of oocyte
pick-up (in assisted reproductive trials), to re-
duce their stress and produce a semen sample
of better quality. In these cases the production
of a semen sample with higher quantitative or
qualitative sperm parameters may be due to the
reduction of the stress during the ejaculation
process and the subsequent achievement of
higher sexual satisfaction. Several studies from
Yonago, Japan, have indicated that the higher
the sexual satisfaction is, the higher the semen
quality is. In addition, in the above studies, it
has been shown that semen samples selected
via sexual intercourse are of higher quality than
semen samples collected via masturbation.
Thus administration of vardenafil, or sildenafil,
or avanafil may be indicated in men attempting
to produce a semen sample during the day of
the female partner-oocyte pick-up.

FD: What about the effects of udenafil on male
reproductive capacity?

AZ: No adverse reproductive effects of udenafil
have been observed in experimental animals in
dose under 70 mg/kg.

FD: Dear friends, let me remind you that PDE5
is present in the vas deferens. Are there any
effects of PDE-5 inhibitors on the vas deferens?

AZ: It has been shown that in patients with pre-
mature ejaculation, sildenafil plus paroxetine has
a significantly higher therapeutic success rate
that paroxetine alone. The inhibitory effect of
sildenafil on PDE5 increases the level of cGMP
in the vas deferens muscular fibers achieving
the relaxation of the smooth muscle cells in vas
deferens. This may prolong the time necessary
for the achievement of ejaculation. Furthermore
sildenafil may induce reduction in adrenergic
neurotransmission in the smooth muscular fib-
ers of the vas deferens and subsequently may
reduce its pattern of contraction.

FD: Let me add that PDE5 is additionally
expressed in epididymis. It has been dem-
onstrated that no alterations occur in the

epididymal secretory function by administering
vardenafil. Additionally, it has been observed
that in oligozoospermic infertile men treated
with sildenafil, no increase in semen levels of
a-glucosidase (a marker of epididymal function)
is found. Furthermore, the effect of sildenafil on
epididymal semen parameters has been evalu-
ated in Sprague-Dawley rats. It has been dem-
onstrated a significant increase in epididymal
sperm motility and concentration compared to
the control group.

NS: Since you are speaking for the male ac-
cessory genital glands, let us remember that
PDE5 is expressed in the seminal vesicles, as
well. The outcome of different studies of PDE5S
inhibitors on the seminal vesicular physiology
is controversial. The effect of sildenafil on the
seminal vesicles in oligozoospermic men has
been evaluated. Comparing semen samples be-
fore and after sildenafil treatment, no significant
difference in seminal fructose levels, which is a
marker of seminal vesicular function, has been
observed. In an interesting study, the ultrasound
alterations of seminal vesicle in infertile diabetic
patients treated with tadalafil for three months
have been studied. Compared to placebo, a sig-
nificant reduction in seminal fundus/body ratio, a
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higher pre- and post-gjaculation anteroposterior
diameter, and a significant increase in seminal
gjection have been observed.

AZ: We have discussed a lot for the effects of
PDE5 inhibitors on sperm motility. Furthermore,
some studies tend to suggest that vardenafil or
sildenafil increase the total sperm count and
the sperm morphology. However, are there any
studies evaluating the effects of PDE5 inhibitors
on sperm functional assays? It is well known that
the standard parameters of semen analysis can-
not predict accurately the male reproductive po-
tential. Thus we need to employ sperm functional
assays in order to appreciate the effects of PDE5S
inhibitors on the male reproductive potential.

FD: The potential effect of sildenafil on sper-
matozoal ability to undergo capacitation pro-
cess has been investigated. The investigators
demonstrated that several concentrations of
sildenafil may activate the capacitation process
of washed spermatozoa. In another study, the
impact of sildenafil on sperm acrosomal reac-
tion has been evaluated. Spermatozoa were
exposed to different doses of sildenafil. The in-
vestigators demonstrated that sildenafil affected
the sperm acrosomal reaction with enhanced
percentage of acrosomally reacted spermatozoa
in comparison with the control specimens. It has
been demonstrated that cGMP directly opens
cyclic nucleotide-gated channels for calcium
entry into the spermatozoa initiating the acro-
some reaction.

FD: Let us go to the DNA structure. Do PDES
inhibitors affect the spermatozoa DNA integrity?

AZ: There is a study that has been awarded a
Ph.D. title from Greece indicating that sperma-
tozoa treated with tadalafil in vitro demonstrated
an increased DNA fragmentation. In that study
it has been hypothesized that elevation of the
second messenger cGMP level due to inhibi-

tion of PDE5 by tadalafil activates a nuclear
cGMP-dependent protein kinase PKG with an
overall detrimental effect on sperm chroma-
tin structure. In addition tadalafil upregulating
spermatozoal NOS expression subsequently in-
creases intracellular sperm nitric oxide profiles
which may diffuse in the sperm nucleus. Thus
the intranuclear NO increased levels may exert
their effect on nuclear transcriptional factors
and chromatin remodeling enzymes. Alterna-
tively it may hypothesized that the effect of
tadalafil on sperm DNA is due to the formation
of hydrogen bonds between the C=0 groups
of the molecule of tadalafil and the NH2 group
in the guanine moiety of the DNA. The latter
hypothesis is strongly supported by previous
research efforts indicating a similar mechanism
responsible for the interaction between sildenafil
with salmon sperm DNA.

FD: So, which is the conclusion of our previous
discussion? Is it appropriate to recommend the
usage of PDE5 inhibitors as an adjunct tool for
the therapeutic management of male infertility?

NS: We may suggest that administration of
sildenafil, vardenafil, or avanafil may be rec-
ommended for semen production during as-
sisted reproductive technology trials when the
stress of the male is a great barrier for the
production of a semen sample. Considering that
randomized controlled trials provide positive
results for the influence of sildenafil, or var-
denafil, or avanafil on sperm motility, it may
be suggested that the above pharmaceutical
agents may have a beneficial role in the alle-
viation of asthenospermia in idiopathic infertile
men. Definitely, additional research efforts are
justified to further investigate the influence of
PDES5 inhibitors on sperm qualitative, quantita-
tive, and functional parameters and on semen
physiology. Furthermore it appears to be of
great clinical importance to further investigate
the role of PDE11 in spermatogenesis process,
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epididymal sperm maturation process, and the
overall sperm fertilizing capacity taking into
serious consideration a) that PDE11 is highly
expressed in spermatogonia, spermatocytes
and spermatids in addition to its expression in
Leydig cells, and b) that studies from Kent, UK.,
have suggested that agents that inhibit PDE11
level have the potential to disrupt regulation of
spermatozoal cAMP, and as a final result may
have detrimental effects on sperm physiology
and may lead to a reduced fertilization ability
according to the investigators opinion.

AZ: The steaks and the hamburgers have just
arrived, the red wine smells and tastes good,
and let us enjoy our dinner.
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