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block. associated with: heightened vagal tone. In addition, atropine
reverses cholinergically mediated bronchoconstriction and diminishes
respiratory tract secretions. These effects contribute to its utility as a
preanesthetic medication.

- Atropine also decreasés gastrointestinal tract motility and secre-
tion.-Although various derivatives:and congeners of atropine (such as
propantheline, -isopropamide; and glycopyrrolate) have been advo-
cated in- patients with peptic-ulcer or' with diarrheal! syndromes, the
chronic: use of such agents.is limited by other manifestations of para-
sympathetic inhibition such-as dry mouth:and-urinary:retention: The
investigational selective M; inhibitor pirenzepine inhibits gastric secre-
tion at-doses that have minimal anticholinergic effects at other sites;
this agent may be useful .in the treatment of peptic ulcer. Atropine
and its-congener ipratropium; when given by-inhalation, cause bron-
chodilation and have been used experimentally in the treatment of
asthma. - : :
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" Joseph Lb;calzb, .
ITRIC OXIDE: “BIOLOGIC AND
MEDICAL IMPLICATIONS

Nitric ox1de (NO') i a simple, heterodlatormc molecule w1th ‘broad
and diverse effects;in human biology that have been recognized only
recently. In:1980; Furchgott and Zawadzki reported that a: product of
the endothelial: cell -causes :'vasorelaxation, and this endothelium-
derived relaxing factor (EDRF) was eventually shown to be NO+. NO«
is now known:to: be produced by:many cell types and to exert-a wide
range of biologic effects. -

NO- is synthesized by a family of enzymes known as the nitric
oxide synthases (NOSs) (Fig. 71-1). Three distinct isoforms have been
identified, of which two are named aftér.the cell types from which

_of smooth muscle migration and proliferation. Endo

L-citrulline

FIGURE 71-1 Nitrie oxide synthases catalyze the five-electron oxidation of
L-arginine to L-citrulline and nitric oxide. Cofactor requirements include flavin
adenine dinucleotide (FAD), flavin mononucleotide (FMNY; reduced B-nicotin-
amide adenine dinucleotide phosphate (NADPH), tetrahydrobiopterin (BH,),
caicium-calmodulinf(CaM), a heme comiplex; and a thiol equivalent (RSH).
(Adapted, with permission; from the Annual Review of Pharmacology and
Toxicology, vol. 35, 1995, by Annual Reviews, Inc.) -

they were first cloned; neuronal NOS (nNOS, Nos! gene product);
inducible NOS (iNOS, Nos2 gene product), present-in monocytes/
macrophages, smooth muscle cells, microvascular endothelial cells,
fibroblasts, . cardiomyocytes, hepatocytes, .and megakaryocytes; and
endothelial NOS (eNOS; Nos3 gene product). As a free radical, NO*
readily undergoes addition, substitution, redox, and chain-terminating
reactions, which serve as the molecular basis forits biologic effects.
NO- reacts with heme-bound iron to form a nitrosylated adduct. Reac-
tion with the prosthetic-heme:group of guanylyl cyclase activates the
enzyme; reaction with the heme group of hemoglobin. traps NOs,
making it biologically inactive and converting ferrous. to ferric hemo-
globin; reaction with the prosthetic heme groups of cytochromes un-
couples oxidative phosphorylation.

PHYSIOLOGIC ACTIONS NO«is 1mphcated in a wide vari-
ety of physiologic effects. The reaction-of NO* with the heme group
of guanylyl cyclase is the principal effector reaction of NO+ in the
cardiovascular, system. This reaction leads to activation of guanylyl
cyclase. In smooth muscle cells, the increase in cyclic guanosine 5'-
monophosphate (cyclic. GMP) leads to -activation of cyclic GMP~
dependent protein kinase, which, in turn, phosphorylates myosin light
chain kinase. Phosphorylated myosin light chain kinase has a reduced
affinity for the calcium-calmodulin complex and is less efficient at
phosphorylating myosin light chain. Failure to phosphorylate the regu-
latory light chains of myosin stabilizes the inactive form of the enzyme
and reduces smooth muscle contraction, thereby reducing vascular
tone. Agonist-mediated increases in endothelial cell calcium activate
eNOS. In addition, flow-mediated vasodilation with exercise depends
in part on the flow-sensitive increase in endothelial cell calcium, whlch
leads to an increase in eNOS activity.

Smnlg@ffects are exerted by NO- in smooth muscle cells of other
organ syste IﬁQ}NO- relaxes gastrointestinal smooth muscle and leads
to reduced mouhty, relaxation of the sphincter of Oddi, and relaxation
of the lower esophageal sphincter. Relaxation of bronchial smooth
muscle can be provoked by inhaled NO+, and endogenously produced
NOs may contribute to the maintenance of basal bronchial and basal
pulmonary arterial tone, as. well.

Other effects of eNQS include maintenance of vascular mtegnty,
impairment of leukocyte adhesion to the endothelium, and inhibition
ial NO- also
plays a critical role .in hemostasis, making an important contribution
to the normal inhibition of platelet function. Basal production of NO«
by eNOS inhibits both adhesion and- aggregation of platelets in the
vasculature. Inhibition of platelet adhesion is a property of NO* not
shared by the .other. principal antiplatelet product of.the endothe-
lium, prostacyclin.

Endothelial NO- is an important determinant of cerebral blood
flow. #NOS in neuronal and glial cells contributes to the regulation
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