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NO — Guanylyl cyclase D D ?
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Fig. 1 NANC=nonadrenergic noncholinergic, i=inhibitory,e=excitatory, NE=norepinephrine, NPY=
neuropeptide Y, ACh=acetylcholine, VIP=vasoactive intestinal peptide, NO=nitric oxide, CGRP=calci-
tonin gene-related peptide, NK=neurokinin, C=constriction, D=dilation (From ref. 5)
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Fig. 2 Cholinergic nervous pathway in the airways.
CNS: central nervous system, M. and Ms : Muscarinic
receptors 2 and 3.
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Fig. 3 Acetylcholine (ACh) release from the bronchi
with heart-inactivated IgE (IgE at 600 ), and from the
bronchi incubated with IgE after electrical field stimula-
tion. Bars indicate mean values. Differences between
means were analyzed by Student's paired t test. (From
ref. 17)
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Fig. 4 A Substance P (SP) concentration in hypertonic saline-induced sputum. Bars indicate mean values.
Differences among means were analyzed by the Mann-Whitney U test. B: Relation between SP concen-
tration in hypertonic saline-induced sputum and FEV 1/FVC for patients with asthma (e ), patients with
chronic bronchitis (O ), and healthy subjects (o ). r is the coefficient ; the line and p value correspond to the

fitted regression equation. (From ref. 33)
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Fig. 5 Dose-response relation to bradykinin in each subjects. o indicate after placebo and e indicate after

FK 224 (NK 1, 2 antagonist). (From ref. 34)
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Fig. 6 Time required for the specific airway conduc-
tance (sGaw) to recover to within 65 or 80% of base-
line (recovery time) after treatment with FK 888 (NK
1 receptor antagonist). (From ref. 35)
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Abstract

Airway Autonomic Nervous System Dysfunction and Asthma

Masakazu Ichinose
First Department of Internal Medicine, Tohoku University School of Medicine

Airways are richly innervated by 4 nervous systems, namely adrenergic, cholinergic, inhibitory nonadrener-
gic noncholinergic (i-NANC), and excitatory NANC (e-NANC) nervous systems. Dysfunction or hyperfunction of
these systems may be involved in the inflammation or airway hyperresponsiveness observed in asthmatic pa-
tients. The cholinergic nervous system is the predominant neural bronchoconstrictor pathway in humans. Airway
inflammation shows exaggerated acetylcholine release from cholinergic nerves via dysfunction of the autorecep-
tor, muscarinic Mzwhich is possibly caused by major basic protein or IgE. Vasoactive intestinal peptide (VIP) and
nitric oxide (NO) released from i-NANC nerves act as an airway smooth muscle dilator. The effects of VIP and NO
are diminished after allergic reaction by inflammatory cell-mediated tryptase and reactive oxygen species. Thus,
in asthmatic airways, the inflammatory change-mediated neural imbalance may result in airway hyperresponsive-
ness. Tachykinins derived from e-NANC nerves have a variety of actions including airway smooth muscle con-
traction, mucus secretion, vascular leakage, and neutrophil attachment, and may be involved in the pathogenesis
of asthma. Since tachykinin receptor antagonists are effective for bradykinin-and exercise-induced bronchocon-
striction in asthmatic patients, these drugs may be useful for asthma therapy.



