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Figure 67-1 Pathways that regulate penile smooth-muscle relaxation and erection. A. Outflow from the parasympathetic nervous system
leads to relaxation of the cavernous sinusoids in two ways, both of which increase the concentration of nitric oxide (NO) in smooth-muscle cells.
First, NO is the neurotransmitter in nonadrenergic, noncholinergic (NANC) fibers; second, stimulation of endothelial nitric oxide synthase (eNOS)
through cholinergic output causes increased production of NO. The NO produced in the endothelium then diffuses into the smooth-muscle
cells and decreases its intracellular calcium concentration through a pathway mediated by cyclic guanosine monophosphate (cGMP), leading to
relaxation. A separate mechanism that decreases the intracellular calcium level is mediated by cyclic adenosine monophosphate (cAMP). With
increased cavernosal blood flow, as well as increased levels of vascular endothelial growth factor (VEGF), the endothelial release of NO is further
sustained through the phosphatidylinositol 3 (PI3) kinase pathway. Active treatments (red boxes) include drugs that affect the cGMP pathway
(phosphodiesterase [PDE] type 5 inhibitors and guanylyl cyclase agonists), the cAMP pathway (alprostadil), or both pathways (papaverine),
along with neural-tone mediators (phentolamine and Rho kinase inhibitors). Agents that are being developed include guanylyl cyclase agonists
(to bypass the need for endogenous NO) and Rho kinase inhibitors (to inhibit tonic contraction of smooth-muscle cells mediated through
endothelin). α1, α-adrenergic receptor; GPCR, G-protein–coupled receptor, GTP, guanosine triphosphate; PGE, prostaglandin E; PGF, prostaglandin F. B. Biochemical pathways of NO synthesis and action. Sildenafil, vardenafil, and tadalafil enhance erectile function by inhibiting phosphodiesterase type 5 (PDE-5), thereby maintaining high levels of cyclic 3′,5′-guanosine monophosphate (cyclic GMP). iCa2+, intracellular calcium; NOS,
nitric oxide synthase. (Part A from K McVary: N Engl J Med 357:2472, 2007; with permission.)

Ejaculation is stimulated by the sympathetic nervous system; this
results in contraction of the epididymis, vas deferens, seminal vesicles,
and prostate, causing seminal fluid to enter the urethra. Seminal fluid
emission is followed by rhythmic contractions of the bulbocavernosus and ischiocavernosus muscles, leading to ejaculation. Premature
ejaculation usually is related to anxiety or a learned behavior and is
amenable to behavioral therapy or treatment with medications such
as selective serotonin reuptake inhibitors (SSRIs). Retrograde ejaculation results when the internal urethral sphincter does not close; it may
occur in men with diabetes or after surgery involving the bladder neck.
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Detumescence is mediated by norepinephrine from the sympathetic
nerves, endothelin from the vascular surface, and smooth-muscle contraction induced by postsynaptic α-adrenergic receptors and activation
of Rho kinase. These events increase venous outflow and restore the
flaccid state. Venous leak can cause premature detumescence and is
caused by insufficient relaxation of the corporal smooth muscle rather
than a specific anatomic defect. Priapism refers to a persistent and
painful erection and may be associated with sickle cell anemia, hypercoagulable states, spinal cord injury, or injection of vasodilator agents
into the penis.
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