31. Endothelial dysfunction, effects of nitric oxide

Endothelial dysfunction is localized (rarely generalized) involvement of endothelium causing increased permeability of the wall and dysbalance between vasoactive and hemocoagulation factors. It leads to atherogenic, vasoconstrictive and thrombogenic effects. Endothelial dysfunction = first significant stage of atherosclerosis.

- normal endothelium produces and degrades a lot of vasoactive substances
- the most important vasodilating agent is NO (nitric oxide) formerly named as "endothelium derived relaxing factor" - synthesized from L-arginine through activity of NO synthase
- also prostacyclin PGI2 and prostaglandin E2 represent potent vasodilators
- the most potent vasoconstrictive substance from endothelium is endothelin 1 (ET-1)

Nitric oxide - NO (released from normal endothelium)
When NO, the signaling molecule, enters a cell, it activates the  enzyme guanylate cyclase, which produces cyclic GMP, the second messenger. !!! It is actually cyclic GMP which brings about the relaxation and dilatation of the blood vessels!!! Understanding of the function of NO led also to development of Viagra (Sildenafil citrate) influencing a special form of guanylate cyclase that is specific for vessels in the penis. Sildenafil mediates its effects by inhibiting phosphodiesterase 5, thereby increasing cyclic GMP production. The increased levels of cyclic GMP cause relaxation of smooth muscles in penile vessels and this leads to an erection. 
NO helps to prevent atherosclerosis by preventing platelets and leukocytes from sticking to the vessel wall. It suppresses abnormal growth of smooth muscle cells which causes thickening of the vessels. NO also reduces the production of free radicals that contribute to the aging of vessels.

Endothelin (increased levels in endothelial dysfunction)
ET-1 release is stimulated by angiotensin II (AII), antidiuretic hormone (ADH), thrombin, cytokines, reactive oxygen species, and shearing forces acting on the vascular endothelium. ET-1 release is inhibited by nitric oxide as well as by prostacyclin and atrial natriuretic peptide.
ET-1 has a number of other actions besides vasoconstriction. ET-1: stimulates aldosterone secretion, produces positive inotropy and chronotropy in the heart, decreases renal blood flow and GF, and releases atrial natriuretic peptide (ANP). ET-1 has been implicated in the pathogenesis of hypertension, vasospasm, atherosclerosis and heart failure. In the latter condition, ET-1 is released by the failing myocardium where it can contribute to calcium overload and hypertrophy. Endothelin receptor antagonists have been shown to decrease mortality and improve hemodynamics in experimental models of heart failure. Non-selective ET-1 receptor antagonists are currently used in the treatment of pulmonary hypertension.

Factors inducing endothelial dysfunction
● oxidative stress 
- prevention by enzymes - superoxide dismutase (SOD), catalase (CAT, glutathione peroxidase
- by oxygen free-radicals scavangers - vit. C, E, beta-carotene
● intracellular influx of calcium - prevention - Ca channels blockers
● hemodynamic forces - so called "shear stress"- low shear stress (below 4 dyne/cm2) that is present in turbulent or oscillatory blood flow (e.g. around bifurcation of arteries) causes endothelial dysfunction with release of vasoconstrictive agents - this stimulates atherogenesis (shear stress over 15 dyne/ cm2 induces an atheroprotective profile)



