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Erectile dysfunction is a common disorder that was
originally thought to be largely “psychogenic.” However,
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Erectile function requires a normal endocrine milieu,
intact innervations of the corpora, adequate arterial blood
flow, and compliance of the sinusoidal tissue. The first
response to stimulation of an erection, by either direct
tactile stimulation (reflexogenic) or mental stimulation
(psychogenic), is smooth muscle relaxation of the penile
arteries and the sinusoidal tissue. The vascular smooth
muscle relaxation causes a decrease in the vascular resist-
ance within the corpora and an influx of blood. Detumes-
cence, or loss of an erection, normally occurs with ejacu-
lation through adrenergic discharge that causes vascular
smooth muscle contraction and thus a decrease in arterial
inflow.? This same mechanism comes into play with psy-
chogenic erectile dysfunction due to performance anxiety
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associated with increased catecholamine release from the
adrenal medulla.

Molecular Mechanisms

The molecular mechanism of an erection involves multi-
ple pathways, but the primary one is believed to be the
nitric oxide-cyclic guanosine (cGMP) pathway. Nitric oxide
(NO) is produced from L-arginine catalyzed by the enzyme
nitric oxide synthase (NOS). Nitric oxide goes into the
smooth muscle cells and binds to guanylate cyclase, which
catalyses the production of cGMP from guanosine triphos-
phate (GTP).> Phosphodiesterase enzyme type 5 (PDE-5)
within the smooth muscle cell metabolizes cGMP into
5'GMP, which inhibits an erection. The currently available
oral agents used in treating erectile dysfunction work by
selectively inhibiting PDE-5. Thus, they prevent the break-
down of cGMP and amplify any signals that reach the penis.

From the Urologist

Therapeutic Options for Erectile Dysfunction:
e Sex therapy

e Endocrine therapy

e Oral PDE-5 inhibitors

e Intra-penile drugs

e External devices

¢ Implantable devices

e Vascular surgery

Vasodilator Therapy for Erectile Dysfunction

Therapeutic options for erectile dysfunction include sex
therapy, hormonal therapy, oral medications, penile medica-
tions, and devices, both external and surgically implantable
(Table 1). There are three FDA-approved medications indi-
cated for the treatment of erectile dysfunction and they are
effective in approximately 70% of un-selected erectile dys-
function patients. All three agents work via PDE-5 inhibi-
tion. The efficacy and side effect profile of these medica-
tions is quite similar.* The vast majority of patients have a
similar response to each medication, although some prefer
one over the others. The major difference in the medications
is pharmokinetic, some having a longer half-life than oth-
ers. The adverse effects are minimal and include facial flush-
ing, headaches, indigestion, and visual disturbance. These
medications are contraindicated in patients who have access
to, or are taking, nitrate medications. In addition, patients
in whom sexual activity is not advisable due to cardiovas-
cular disease should not be treated with oral agents or any
other therapy for erectile dysfunction.

An alternative approach if the oral agents are not effec-
tive or are contraindicated is administration of vasodilators
directly to the penis. The most commonly used medication
is alprostadil or PGE,. It can be given as a single agent or
combined with two other vasodilators—papaverine and
phentolamine. Side effects include penile pain, infection,
bruising, and priapism. Many patients who are initially
reluctant to perform self-injection therapy find it quite
acceptable after experiencing a test injection; however, the
long-term drop out rate is quite high—about 45%.°

Alternative Therapies

Various devices are available to treat erectile dysfunction.
These include the non-surgical external vacuum erection
device and the surgically implanted penile prostheses. The
vacuum device is highly effective and economical. It does not
produce a normal or natural erection, however, and thus
patient and partner acceptability is only about 50%. In con-
trast, the penile implant has the highest patient and partner
satisfaction rate, approaching 90%. There are a variety of
devices available today, including simple malleable rods and
inflatable cylinders. The main risks of penile prosthetics are
infection, erosion, and mechanical failure. The advantages of
the malleable rods are that they are simple to insert and have
a low mechanical failure rate. The inflatable prosthetics give
a much better cosmetic result but have a higher rate of
mechanical failure, approximately 15% in the first 10 years.

Vascular surgery, including occlusion of venous outflow
and arterial reconstruction, has been used in select
patients with vascular pathology. However, the risk-bene-
fit ratio does not support the clinical use of the venous lig-
ation procedure. Arterial reconstructive surgery has been
shown to be effective in young healthy patients with seg-
mental arterial occlusion due to trauma; however, this is
an extremely rare patient.®
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Urologists’ Role in Treatment of
Erectile Dysfunction

Urology, with only a few exceptions, was once the pri-
mary specialty to manage patients with erectile dysfunc-
tion. Since the approval of effective oral agents for treating
this disorder, the vast majority of patients with erectile dys-
function are initially managed by primary care physicians.
The current indications for urological referral include
patients who have 1) failed medical therapy, 2) signs or
symptoms of Peyronie’s disease, 3) a history of priapism or
trauma, or 4) primary erectile dysfunction. Although the
currently available oral agents are highly effective, they do
not work for all patients and, as mentioned above, a variety
of effective alternatives are available to patients who desire
to be sexually active.

Neuropsychoendocrinology of Erectile Function

Brain hormones and central nervous system neurotrans-
mitters play a primary role in normal penile erections. Per-
turbations of these hormones and neurotransmitters com-
monly cause sexual and erectile dysfunction.

Sex Steroid Hormones and Erectile Function
Testosterone is necessary for normal libido and for
quantitatively and qualitatively normal erections. Animal
and human studies indicate that testosterone facilitates
(directly or via its metabolites) normal penile vasodilation
and tumescence in response to sexual stimuli.’®In addi-
tion, testosterone may synchronize the central nervous
system and penile response to sexual stimuli. Animal
studies indicate that testosterone is important for timely
initiation and cessation of erections by stimulating
expression of nitric oxide synthase and phosphodiesterase
5 gene expression.* The effects of testosterone on sexual
function appear to differ in younger and older men.
Younger men with experimentally manipulated serum
testosterone levels maintain relatively normal sexual and
spontaneous erectile function with circulating testos-
terone levels that are 30%-50% of the lower limit of nor-
mal, and sexual function does not change significantly
with increasing dosages of testosterone.®> Older men with
experimentally manipulated serum testosterone levels
appear to require at least normal serum free testosterone

From the Endocrinologist

Treatment Options:

e Testosterone facilitates penile vasodilation and tumes-
cence by increasing nitric oxide synthase activity.

e Dopamine and noradrenaline stimulate normal male
sexual function and erections.

e Serotonin generally inhibits normal male sexual func-
tion and erections.

e Melanocortin is a new therapy that could be useful for
treating erectile dysfunction.

levels for normal baseline sexual function, and they expe-
rience a dosage-dependent increase above baseline in
waking and spontaneous erections and libido with testos-
terone dosages up to 3-5 times typical physiological
replacement dosages.® In addition, testosterone appears to
facilitate maximal tumescence, an observation with clini-
cal significance in men with erectile dysfunction and low
serum testosterone levels. Small human clinical trials have
shown that exogenous testosterone therapy augments the
tumescent effects of oral phosphodiesterase inhibitors in
the treatment of men with erectile dysfunction and low or
low-normal serum testosterone levels.’

Prolactin, Melanocortin, and Erectile Function

Brain hormones such as prolactin and melanocortin
modulate sexual and erectile function. Prolactin tends to
inhibit sexual and erectile function, and some investiga-
tors have proposed that post-orgasm elevations in pro-
lactin induce sexual satiety and refractoriness to sexual
desire and erections.® The mechanisms of prolactin-
induced inhibition of male sexual function include sup-
pression of pituitary gonadotropins and suppression of
central nervous system dopaminergic pathways. In addi-
tion, at supraphysiological levels, prolactin may directly
inhibit penile vasodilation. Epidemiological studies have
shown decreased sexual and erectile function in men
treated with anti-psychotic drugs that raise prolactin lev-
els; men treated with anti-psychotic drugs that are not
associated with hyperprolactinemia have significantly less
sexual dysfunction. Because mild hyperprolactinemia is
common in men with erection dysfunction, it is tempting
to speculate that dopamine agonists might be beneficial
in men with sexual dysfunction and hyperprolactinemia.
However, carefully designed, placebo-controlled trials
must be done to prove this concept before clinicians
should consider dopamine agonists for this indication.

Melanocortins are peptides derived from propiome-
lanocortin (POMC) and are widely expressed in the central
nervous system and in various peripheral tissues.
Melanocortins inhibit appetite and stimulate sexual behav-
ior via the melanocortin-4 receptor. Studies of rats have
shown that a melanocyle-stimulating hormone induces
erections, and recent studies have shown that a non-
selective melanocortin receptor agonist (PT-141) stimulates
erections in normal men. PT-141 also potentiates the effects
of a phosphodiesterase inhibitor on penile tumescence in
men with erectile dysfunction.® ' Melanocortin agonists are
a promising novel class of drugs for treatment of male sex-
ual and erectile dysfunction.

Central Neurotransmitters and
Erectile Function

Central neurotransmitters—such as dopamine, nora-
drenaline, and serotonin—modulate sexual and erectile
function. Animal studies have shown that dopamine and
noradrenaline acutely stimulate male sexual function. 2
Serotonin generally inhibits erections, although stimulat-



ing certain 5-hydroxytryptamine receptors may increase
erections.’? In humans, serotonergic antidepressants (e.g.,
paroxetine, fluoxetine, citalopram, and sertraline) are
associated with erectile dysfunction in up to 30% of men,
but dopaminergic and noradrenergic antidepressants (e.g.,
bupropion) or selective 5 hydroxytryptamine agonists
(e.g., mirtazepine) cause less erectile dysfunction and
might even enhance erectile function.” The mechanisms of
erectile dysfunction due to serotonergic antidepressants
include inhibition of brain signals to the penis, serotonin-
induced hyperprolactinemia, and perhaps inhibition of
penile nitric oxide synthase.

The endocrinologist could be involved in the initial eval-
uation of patients with erectile dysfunction or of patients
refractory to phosphodiesterase inhibitors. The clinician
should carefully evaluate for clinical and biochemical evi-
dence of hypogonadism (i.e., low calculated free and weak-
ly bound serum testosterone). A clinical trial of testosterone
replacement should be considered for men with erectile dys-
function and low serum testosterone levels. Men with erec-
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tile dysfunction and low serum testosterone rarely respond
to testosterone monotherapy, but the combination of exoge-
nous testosterone plus a penile vasodilator such as an oral
phosphodiesterase may be synergistic. If possible, the
endocrinologist should also discontinue medications that
raise brain serotonin or serum prolactin levels. In the future,
there could be new neuroendocrine therapies for erectile
dysfunction, such as selective melanocortin agonists.
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