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ABSTRACT
An increasing number of men around the world suffer from erectile dysfunction (ED).
Indeed, according to the sexuality study conducted by Professor Izdebski, 1 out of 10
men in Poland suffers from ED. The problem is found among men of any age, however,
60% of all patients are between 40 and 60 years old, thus in their prime, and who still
want to fully enjoy life. Not only do the effects of ED affect a man, but they have influence
on his relationship and partner as well. In spite of a growing awareness within society,
the problem remains perceived as embarrassing, which leads patients to treat themselves
on their own, delaying a visit to their doctors. Meanwhile, in many cases, ED may be
the first symptom of more serious diseases, such as diabetes, or result from the side-
effects of applied drugs. A breakthrough in the oral medication treatment of ED was
observed when a new phosphodiesterase type 5 inhibitor (PDE-5-inhibitor) - sildenafil
citrate (Viagra®) — was introduced. Nowadays, 5 active substances from this group are
being applied. The current medical guidelines recommend PDE-5 inhibitors as the first-
line therapy for most men with ED, irrespective of the cause and severity of the disease.
Recently, sildenafil at the dose of 25 mg came into the market without prescription. This
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paper presents an overview and update of the PDE-5 inhibitors.

ERECTILE DYSFUNCTION -
DEFINITION AND EPIDEMIOLOGICAL DATA

Erectile dysfunction (ED) is the inability to develop and/
or maintain an erection necessary to have a successful sexual
performance [1]. It has been diagnosed in an increasing
number of men around the world [2]. According to the sexu-
ality study conducted by Professor Izdebski, 1 out of 10 men
in Poland suffers from ED. The problem is found among
men of any age, however, 60% of all patients are between 40
and 60 years old, thus in their prime, and, hence, still have
the desire to fully enjoy life. Moreover, among men older
than 60, ED occurs in more than 50% of the population [3].
Unfortunately, out of 1.5 million men suffering from ED,
only 15% seek medical help. Not only are the effects of
ED detrimental to a man’s self-esteem, but they also have
a negative influence on his partner and his sexual relation-
ships. Still, in spite of a growing awareness within society,
the problem remains perceived as embarrassing, which leads
patients to treat themselves on their own, delaying a visit
to their doctors even up to several years. Indeed, 16% of all
patients only decide to seek professional help more than 4
years after the first symptoms are observed [4].
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THE MECHANISM OF ERECTION

While flaccid, a penis is controlled by the sympathetic
nervous system responsible for involuntarily reactions.
Through the effect of adrenaline, vascular smooth muscles
and the trabeculae of the corpus cavernosum are shrunk,
and the flow of blood is low. As a result of sexual arousal
(mechanical or psychogenic), the activity of the sympathetic
nervous system decreases, while sympathetic neurons from
the NANC group (nonadrenergic, noncholinergic) prevail
and release nitric oxide — NO, which stimulates relaxation
of the corpus cavernosum smooth muscle and produces
erection. The compounds which are additionally released
by these neurons, for instance, adenosine or vasoactive intes-
tinal peptide (VIP), also result in an increased production of
NO in the endothelium cells. NO connects with “guanylyl
cyclase receptors”, which conditions the production of
highly energetic cyclic guanosine monophosphate (cGMP),
which lowers the calcium ion concentration (Ca*") in muscle
cells. As a consequence, vascular smooth muscles relax and
the flow of blood is increased, which results in the stiffening
of a penis and erection. After ejaculation, a penis returns to
its flaccid state. The erection recedes due to the effect of
phosphodiesterase type 5 enzyme (phosphodiesterase type 5,
PDE-5), which causes the decomposition of cGMP [5,6].
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Figure 1. Physiological mechanism of penile erection

Causes of ED

There are a variety of ED causes. Generally, they can be
divided into either physical and psychological, however,
currently they are considered to involve factors from both
groups [7]. The dysfunction may result from abnormali-
ties in a penis structure or damage, yet this constitutes only
a minority of patients. Much more frequently, ED are one
of the symptoms accompanying more serious diseases [8].
They are found, for example, in 69,52% of all patients suf-
fering from diabetes. Frequently, ED is also observed in the
cases of cardiovascular and hormonal dysfunctions, kidney
and spinal damage, obesity (men who exercise regularly
have a lower risk of ED, although it may occurs among
cyclists and jockeys). It is worth remembering that tempo-
rary ED might accompany any illness, even common cold, as
the male system is weakened in such cases [9]. Nevertheless,
the link between chronic disease and ED is most striking for
diabetes (men suffering from it are 2-3 times more likely
to have ED and may experience the problem as much as
10-15 years earlier), treated heart disease and hypertension
[10]. Unfortunately, erectile dysfunctions may also con-
stitute undesired side-effects of many types of medicine,
especially antidepressants, antihistamines, antihypertensives
or sedatives [11]. Furthermore, the problem often occurs or
may be aggravated due to alcohol, cigarette or drug abuse,
which are factors that may damage the blood vessels and
reduce blood flow to the penis.

The psychological causes involve central blocking of
erection mechanism, and are often linked to low self-esteem,
relationship issues, too high expectations, stress, insecurity
concerning sexual orientation or fear of a partner’s eventual
pregnancy. Thus, a number of issues can interfere with
sexual feelings and cause or worsen ED [7,9,12].

The diagnosis of ED

Clinically, the diagnosis is based on anamnesis and
physical examination, and may be supported by laboratory
tests, e.g. measure of serum testosterone level [10].

Treatment possibilities

Presently, effective treatment of most ED cases is
possible. Before a patient decides to undergo a pharmaco-
logical treatment, however, it is worth considering psycho-
therapy. Its aim is to make both partners aware of the fact

that ED may result from getting older, is a natural phenom-
enon and is treatable. In addition, those patients who suffer
from chronic diseases need to understand that an appropri-
ate treatment may alleviate the dysfunction or even cure it
completely [13]. An alternative for medications are vacuum
devices (also called pumps) for ED: the penis is put inside
a cylinder, and a pump draws air out of it, creating a partial
vacuum around the penis. This causes it to fill with blood,
hence provoking an erection. Nevertheless, the dominant
element of the therapy is a pharmacological treatment. Spo-
radically, patients may also decide to undergo a surgical
treatment. Herein, a penile prosthesis and sound wave stimu-
lation (RENOVA method) are applied [14].

PHARMACOLOGICAL TREATMENT

Testosterone preparations

Balancing testosterone levels, especially among older
men, contributes to the improvement of erection, as well
as their libido [15]. Unfortunately, it is not enough to com-
pletely eliminate the symptoms. Among men with an appro-
priate testosterone level, the administration of the hormone
does not produce desired effects [6].

Alprostadil

Synthetic prostaglandin (PGE1) administered in injec-
tions directly into the cavernous bodies of the penis (or
inserted down the opening into the urethra) increases
their blood supply, and after approximately 7 minutes to 2
hours, causes erection. Currently, it is seldom used owing
to numerous undesired side-effects (erythema, perineum
pain, fibrosis of cavernous bodies, penile deformation, blood
pressure increase, dizziness and priapism) [16].

Apomorphine

Apomorphine is an agonist of dopaminergic (mostly D2)
receptors in the brain. It induces selective activation in the
nucleus paraventricularis, leading to erectogenic signals.
The drug is administered sublingually, then dissolves rapidly
and results in an erection in responders in approximately 20
min. By avoiding first pass metabolism through this route of
administration, apomorphine avoids any significant interac-
tion with food or other drugs. Unfortunately, it shows only
15% of effectiveness among patients with minor dysfunc-
tions and may cause nausea and vomiting [17].

Plant preparations

Most of these are supplements. The few recognized
drugs include extracts from Schisandra chinensis, sabal
minor and guarana. Taken regularly, they may constitute
an addition to a primary treatment. A single dose does not
affect the dysfunction [18].

Phosphodiesterase type 5 inhibitors (PDE-5-inhibitors)

A breakthrough in the oral medication treatment was
observed when a new PDE-5 inhibitor, sildenafil citrate
(Viagra®), was introduced by Pfizer in 1998 [19], and
reached USA Food and Drug Administration (FDA)
approval as the first oral medication to treat ED. The popular
‘blue pill’ brought about a real revolution, as when it entered
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the world of pop culture, ED stopped being a taboo. The
drug blocks the aforementioned enzyme. This results in the
increase of cGMP, facilitating the development and main-
taining of erection. The undisputed success of sildenafil has
led to a search for more selective PDE-5 inhibitors; approval
by the FDA brought to the market, vardenafil and tadalafil
in 2003, and in 2012 — avanafil [20]. Currently, there are
several preparations that contain 5 active substances from
this group: sildenafil, vardenafil, tadalafil, avanafil (approved
worldwide for the treatment of ED) and udenafil (approved
in Korea and few other countries). The in place American,
as well as European Association of Urology guidelines rec-
ommend PDE-5 inhibitors as the first-line therapy for most
men with ED, irrespective of the cause and severity of the
disease. The mode of action of all the drugs is identical.
They are effective at least in 60% of all cases, but still inef-
fective at least in 30% of all patients [10,21]. They also
differ in chemical structure and in pharmacokinetic proper-
ties (availability/metabolism), which leads to differences in
time to onset (timing of the clinical response), maximum
drug plasma concentration, half-life and duration of action,
and safety profile. Therefore, they cannot be treated inter-
changeably [22] (Table 1). The drugs are bio-equivalent,
yet they may differ in pharmacokinetic properties due to
various degrees of micronization of ingredients or tablet-
ting methods. After the Viagra® patent expired in Europe
in 2013, a number of generic drugs containing sildenafil
were introduced to the market [23]. Last year, in Poland,
sildenafil citrate at dose 25 mg, came into the market without
prescription under several trade names. It is the first such
case in Europe and second in the world. The question is open
whether this was the right decision.

Undesirable effects

Unfortunately, PDE-5 inhibitors only facilitate the devel-
opment of erection, without curing its causes. Moreover,
their use is linked to numerous undesirable side-effects. The
most common are dyspeptic disorders, nasal congestion,
headaches and sudden reddening of face skin (flushing) con-
nected with a sensation of heat, which occur due to PDE-5
inhibition. Owing to the fact that the inhibitors also block a
retinal enzyme rhodopsin (phosphodiesterase type 6), their
use (especially sildenafil and vardenafil; tadalafil and the

Table 1. PDE-5 inhibitor comparison [10, 24-29]

others to a lesser degree) may result in a change of colour
perception (seeing blue), and even loss of vision. What is
more, because of the fact that phosphodiesterase enzyme
is present in all muscles, including the ones found in heart,
a serious complications might occur, including a myocar-
dial infarction and death. Moreover, a long-lasting painful
erection (priapism), especially resulting from inappropriate
dosing, is a very frequent undesirable side-effect. Rare but
very dangerous hypersensitivity reactions, such as Stevens—
Johnson syndrome and exfoliative dermatitis, have also been
reported with sildenafil and tadalafil; pruritus and eyelid
swelling — with avanafil [24].

Table 2. The most common adverse effects of PDE-5 inhibitors (%
of incidence) [27,30-35]

Adven;iz)effect Sildenafil | Tadalafil | Wardenafil | Avanafil Udenafil
Headache 12.8% 14.5% 16% 9.3% 1.7%

Flushing 10.4% 4.1% 12% 3.7% 8.3%
Dyspepsia 4.6% 12.3% 4% 1.4% -
Nasal 1.1% 4.3% 10% 1.9% -
congestion

Dizziness 1.2% 2.3% 2% 0.6% 1%
A‘br'wormal 1.9% _ _ _ _
vision

Backache 6.5% - 1.1% -
Myalgia - 5.7% - - -
INTERACTIONS

It is crucial to pay attention to appropriate dosing. A con-
secutive pill may be taken only after 24 hours. Meanwhile,
no other ED treating drugs may be used. Furthermore, it is
advisable to avoid taking the drug along with fatty food, as
it may alleviate its effect. In addition, it is inadvisable to
wash the drug down with grapefruit juice (other kinds of
fruit juice are not recommended as well), since it blocks the
CYP3A4 enzyme responsible for the metabolism of PDE-5
inhibitors, which may intensify their side-effects in the same
way as alcohol does [36,37].

The most serious undesirable effects, however, result
from drug interactions. In this case, the concomitant use
of PDF-5 inhibitors with CYP3A4 inducers and inhibitors
is of great importance because of their extensive CYP3A4
metabolism, thus, dosage adjustment should be considered

TADALAFIL
SILDENAFIL VARDENAFIL o AVANAFIL UDENAFIL
orus 0 1rY 0p mOF 9SS L oo
! N7/ o\ N g
Structural (\N’S/ L LN (\N,S/' N Ny W) | ) N H’S\d\
formula v H A © c N ' °
N 0 \/N\) o) H N,
k K o o N/\fj H
o H
4 N _~
L. 60 min 60 min 120 min 30-45 min 48-78 min
Duration 3-5h 4-5h 17.5-36 h 6-17 h 10-13h
Recommended in patients . The new drug approved in
Comments The most studied, extensive with kidney damage in R:t?grﬂ;n;%ieﬁver The ne!eﬁ'u\t,ze most Korea; had high efficacy
bibliography (excretion with feces in P damage and safety profile; needs
97% of all patients) 9 additional studies
\I,;"Eﬁr:fg)%r:ﬂ May cause hypotension Not observed Not observed May cause hypotension May cause hypotension
Interaction with 1h prolongation of T__, 1 h prolongation of T__, 1.25 h prolongation of T__, 0.62;10/5?('5%22:;:?;102 Trser
food (mainly 29% decrease in C__ 20% decrease in C__ NONE 39% decrease in C__, Not specified by the.
high-fat) Avoid May use (per manufacturer) May use (per manufacturer) manufacturer

T,..x — time to maximum plasma concentration, C

‘max
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(see Contraindications). What is more, PDF-5 inhibitors are
inadvisable in patients who use nitrates (nitroglycerin, pen-
taerythritol) and other NO donors (e.g. molsidomine). This
inadvisability alert results from the accumulation of second
messenger cGMP and tendency towards significant vasodila-
tory (headache, flushing) and hypotensive symptoms: from
dizziness, faintness, vertigo, to potentially fatal orthostatic
hypotension. Nitrates deliver egzogenic NO, thus produc-
ing cGMP and PDE-5 inhibitors, which, according to their
mechanism of action, inhibit PDE-5 enzyme activity and
also increase the concentration of cGMP. In patients with
acute chest pain, nitrate administration must be delayed for
at least 24h after PDE-5 inhibitor administration. In the
case of long acting drugs, the dosage should be delayed
for further 24h [38-41]. Patients using alpha-blockers (e.g.
doxazosin, terazosin) [42] also ought to use smaller doses
of the drug. Finally, it is recommended not to combine
sildenafil or tadalafil with other potence-intensifying drugs
(Revatio®, Adcirca®, or the pulmonary arterial hypertension
drug, PAH) or to double it [9,24,30-35].

CONTRAINDICATIONS

Selective PDE-5 inhibitors are contraindicated in patients
with a known hypersensitivity to any component of the prep-
aration, in patients treated with nitrates (regularly or inter-
mittently), in those who have suffered from stroke or acute
coronary syndrome during the previous 6 months, hypoten-
sion <90/50 mm Hg, as well as uncontrolled arterial hyper-
tension >170/100 mm Hg. Other contraindications inlude
congestive cardiac failure (classes II-IV according to New
York Heart Association, NYHA), acute liver failure (class C
in Child and Pugh’s classification) and kidney failure char-
acterized by GFR < 30 ml/min. Moreover, they should not
be mixed with CYP3A4 inhibitory drugs from the group of
antifungals (ketoconazole and itraconazole), antiviral agents
(ritonavir, atazanavir, indinavir, nelfinavir and saquinavir),
antibiotics (erythromycin, clarithromycin and telithromycin),
antidepressants (trazodone and nefazodone) due to inhi-
bition of their metabolism, and increased concentration in
the blood. The application of PDES inhibitors also requires
special attention in people with anatomical penile defor-
mities and diseases predisposing to priapism (sickle-cell
anemia, multiple myeloma and leukemia) [24,43].

CONCLUSION

The availability of sildenafil without prescription (over
the counter, OTC) enables patients suffering from ED to
use an effective drug. Nevertheless, it involves plenty of
threats. Delaying a visit to a medical practitioner may delay
the diagnosis of associated diseases. What is more, taking
medication without the specialist control may lead to uncon-
trolled increase in dosing: many men on their own may take
two, four or even more tablets. Available OTC sildenafil may
also be used by adolescents as a method of sexual doping.
In addition, patients may not be aware of the threat coming
with drug interactions, thus, consultation with a pharmacist
is an indispensable element while selling the preparations.
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