Pathology of erection
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ABSTRACT. Erectile dysfunction (ED) is defined as
the inability to achieve and maintain a penile erec-
tion which is adequate for satisfactory sexual in-
tercourse. It is a significant male health problem
affecting approximately 150 million men world-
wide. This value is expected to more than double
by the year 2025. The incidence of ED increases
sharply with age since it is a common cross-cultural
denominator, affecting 19 to 64% of men aged 40
to 80 years, both in developing and industrialized
countries. Epidemiological studies may underesti-
mate the true dimensions of the problem because
of the embarrassment or stigma that is associat-
ed with ED. Men with ED may experience dimin-
ished self-image and self-esteem, anxiety and fears
of rejection, and even depression as psychogenic

INTRODUCTION

Penile erection is a complex neurovascular event
involving the interaction of three physiological sys-
tems which may be involved in the pathology of
erection (1):

1. the central nervous system (CNS);

2. the peripheral nervous system (PNS);

3. penile vascular and cavernosal smooth muscle.
The CNS is the major sexual organ. In the pres-
ence of an adequate androgen milieu, the brain
drives the sexual response by integrating external
erotic stimuli (received through the five senses or
erotic fantasies), and processes them into the me-
dial-preoptic area and the paraventricular nucle-
us of the hypothalamus (psychogenic erection).
The main neurochemicals of erectile response in-
clude dopamine, oxytocin, a-melanocyte-stimu-
lating-hormone (a-MSH), GnRH, and substance P
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factors. Pathologic conditions which are common-
ly encountered in the ageing male (diabetes, hy-
pertension, atherosclerosis, cardiovascular disease,
etc) as well as chronic diseases (arthritis, renal and
hepatic failure, pulmonary disease) represent a fre-
quent cause of organic ED and are often treated
with medications that can interfere with sexual
function at central and/or peripheral level. In ad-
dition, incorrect lifestyle — i.e. obesity, cigarette
smoking, alcohol or drug abuse — may all con-
tribute to the onset of ED. Finally, trauma or
surgery affecting either the nervous system or in-
terfering with the blood supply to the penis are
associated with increased incidence of ED.
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which stimulate sexual behavior, and nora-
drenaline, corticotropin-releasing-hormone (CRH),
B-endorphin, prolactin, and neuropeptide Y which
inhibit sexual behavior (2). Dopamine receptors
are widely distributed in the brain, however there
is a particularly high density in the basal ganglia.
Both major families of dopamine receptors, D1-
like (D1 and D5) and D2-like (D2, D3 and D4) re-
ceptors have been associated with central erec-
tile functions (2). However the D2 receptor seems
to be responsible for most of the pharmacologi-
cal effects of dopamine. The dopamine receptor
agonist apomorphine, administered systemically
in male rats has been found to induce penile erec-
tion, simultaneously producing yawning, stretch-
ing and seminal emission. Interestingly, in rodents
dopamine agonist-induced erections are abol-
ished by castration and restored by testosterone
replacement (2).

Physical stimulation of genital organs can elicit PNS-
mediated erections which are dependent upon the
S,-S4 parasympathetic spinal centers via the sacral
spinal reflex pathway (reflexogenic erection). Thus,
the erectile response is a combination of psy-
chogenic and reflexogenic stimuli which result in
an inhibition of sympathetic (T14-L,) and a stimula-
tion of parasympathetic plus nonadrenergic-non-
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cholinergic (NANC) (S,-S,) fiber outflow. In particu-
lar, stimulation of parasympathetic and NANC
fibers outflow determines the release of intrapenile
vasoactive neurotransmitters, which are primarily
acetylcholine (ACH), prostaglandin, and nitric ox-
ide (NO), and include other neuropeptides such as
vasoactive intestinal polypeptide (VIP). During male
sexual arousal, NO is released at parasympathetic
nerve terminals (nitrergic nerves). This causes re-
laxation of the smooth muscle allowing engorge-
ment of blood into the cavernous space and lead-
ing to erection (3). The relaxation of penile smooth
muscle is mediated mainly by NO, which exerts its
action on smooth muscle by activating soluble
guanylate-cyclase (sGC). Activation of sGC results in
an elevated intracellular cGMP concentration (4)
(Fig. 1). Thus, erection occurs as a result of three
complementary and simultaneous processes: arte-
riolar dilatation, relaxation of the smooth muscle
within the corpora cavernosa, and corporeal veno-
occlusion (1). Noradrenaline released from sympa-
thetic nerves causes contraction of the blood ves-
sels and smooth muscle of the corpus cavernosum,
thus leading to detumescence of the penis (Fig. 1).
The enzyme phophodiesterase-5 (PDES) degrades
c¢GMP. By inhibiting the degradation of cGMP, PDE5
inhibitors prolong the activity of this cyclic nucleotide
second messenger within the cavernous vasculature
and smooth musculature, thus potentiating the erec-
tile response (4). The concentration of intracellular
Ca?* is critical for penile smooth muscle relaxation. A
change in the concentration may be achieved by ma-
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nipulation of Ca?* into and out of the smooth mus-
cle cells or the endoplasmic reticulum. A decline in
intracellular Ca?* ions suppresses the activity of
myosin light chain (MLC) kinase and thus increases
the intracellular content of dephosphorylated MLC,
which enables the smooth muscle cell to relax (5).

PATHOLOGIES OF CNS ASSOCIATED WITH ED

All conditions associated with emotional distur-
bances, i.e. performance anxiety, depression, may
lead to an alteration of central regulatory mecha-
nisms of sexual behavior thus resulting in erectile
failure or the loss of erection during intercourse.
There is a large body of evidence that in the brain
the concentration and the activity of several neu-
ropeptides relevant for the control of sexual be-
havior is regulated by testosterone and its metabo-
lites (17B-estradiol and 5a-dihydrotestosterone). In
fact, hypogonadism determines reduced interest in
sex, a decline in nocturnal penile erections, and re-
duced semen volume, whereas erectile capacity to
erotic stimuli may be retained depending on the
levels of serum testosterone; below a testosterone
threshold value of 1.4 ng/ml also erectile function is
lost (6). Hypogonadal patients are responsive to
testosterone replacement therapy which restores
sexual desire and performance, in contrast to im-
potent men with normal circulating androgen levels
in whom androgen therapy does not have any ef-
fect on erectile activity and is contraindicated.
Hyperprolactinemia does not appear to modify

cGMP
(active)
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Fig. 1 - Nitric oxide (NO) released from
nitrergic nerves and endothelium stim-
ulates smooth muscle relaxation by ac-
tivation of soluble guanylate-cyclase,
which in turn catalyzes the conversion of
GTP to the active intracellular second
messenger cGMP; cGMP is then me-
tabolized by phosphodiesterase-5
(PDE5) to GMP.
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night erections or the penile response to video-
erotic-stimulation, suggesting that its negative ef-
fect on libido and sexual behavior is centrally me-
diated. This may occur through an increase of opi-
oid tone and consequent alteration of pulsatile
GnRH release (7). However, recent in vitro experi-
ments showed that acute infusion of prolactin
caused a strong contraction of canine corpora cav-
ernosa cells, suggesting a possible peripheral ac-
tion of this hormone through not yet identified in-
trapenile receptors (8). Alteration of GnRH secre-
tion has been suggested to be a possible cause of
ED in men with non-organic impotence through a
reduction of serum LH biological activity and low
biological/immunological-LH ratio (7). Subsequent
experimental evidence indicated that the restora-
tion of adequate GnRH pulsatility in impotent men,
such as after treatment with the opiate antagonist
naltrexone, had important beneficial effects on
erectile capacity. Finally, all neurological diseases
like stroke, spinal cord injury, peripheral neuropa-
thy, brain and spinal tumors, Alzheimer’s disease
and multiple sclerosis can all give rise to ED.

PATHOLOGIES OF PNS AND CORPORA
CAVERNOSA ASSOCIATED WITH ED

As already mentioned before, erection is locally
regulated by a balance between pro- and anti-erec-

Etiology of erectile dysfunction

tile mediators. All medical conditions (vascular and
neurological disease, chronic illnesses, drugs,
surgery or trauma) determining an impairment of
pro-erectile / anti-erectile mediators balance may
cause ED (9) (Fig. 2).

Main peripheral causes of cavernous incompe-
tence can be summarized into five types (10):
1) large veins exiting the corpus cavernosum
(probably congenital when noted in young men),
2) enlarged venous channels caused by distortion
of the tunica albuginea, as it occurs in Peyronie's
disease or the weakening associated with aging,
3) the inability of cavernous smooth muscle to re-
lax due to fibrosis, degeneration or dysfunction
of gap junctions, 4) inadequate release of neuro-
transmitters, mainly NO (in neurogenic or psy-
chogenic impotence or endothelial dysfunction),
and 5) abnormal communication between the cor-
pus cavernosum and spongiosum or glans (either
congenital, traumatic or after a shunt procedure
for priapism).
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