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Fig. 1 Transmission electron micrograph showing that
human bronchial mucosa is covered by airway sur-
face fluid consisting of gel phasél GCand sol phasél S[T]

Water can be absorbed or secreted across the epi-
thelium together with ion transporf] arrows[TICalibra-
tion bar =1 um.
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Fig. 2 Secretion and absorption of electrolytes, water
and mucus across airway mucosa. Airway surface
fluid secreted from alveolar epithelium is transported
by mucociliary systems, and absorbed in small air-
ways through a conductive process. In the central air-
way, Cl can be secreted or absorbed, which deter-
mines the direction of water movement.

MUCOSAL Cell

SOLUTION J

SUBMUCOSAL
SOLUTION

/J\rzouabain

Cl

Fig. 3 lon transport properties of airway epitheliim in
the central airways. Intracellular cAMP stimulates
the opening of Cl channel on the apical membrane. Na
pumpl Na-K-ATPasel] and Na-K-Cl cotransporter are
sensitive to ouabain and loop diuretics, respectively.
Absorption of Na and secretion of Cl create electro-
chemical potential gradient, which in turn stimulates
water movement across the airway epithelium.
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Table 10 Regulation of airway mucus secretion and epithelial ion transport

Mucus secretion

Na absorption Clsecretion

I O Neurotransmitters
0 O Parasympathetic

0 0 O Acetylcholine 1 NE 1
0 O Sympathetic

0 0 O Adrenaline 1 NE 1
0 O O Noradrenaline 1 NE NE
II O Neuropeptides

0 O Tachykinin 1 NE 1
oogvip 1 NE 1
000NO | 0 1
IO Arachidonate matabolites

000 PGD: 1 NE 1
000 PGE; 1 NE 1
00 0OPGFz 1 i 1
000 TxA: NE NE NE
OO00LTBs 1 NE NE
OO00OLTCs 1 NE 1
O0O00OLTD. 1 NE 1
00015-HETE 1 NE NE
VO Chemical mediators

0 O O Histamine 1 ! i
0 O O Bradykinin 1 NE 1
0 O O Endothelin NE 1
000PAF 1 NE 1
0 0O O Serotonin m] 1 !
0 O O Angiotensin 11 O NE 1
00odMBP 0 NE 1

1 . Stimulation,00 | : Inhibition,d NE : No effect
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Table 20 Drugs that modify airway secretion and mucocillary transport

10 Drugs that inhibit airway secretion

0 O 10 Anticholinergic agents
0 O 20 Histamine antagonists
0 O 30 Glucocorticosteroid
0040 NSAID

0 050 Others

200 Drugs that change mucus composition

0 0 10 Diluents

0 0 20 Mucolytic agents

[ 0 30 Drugs that increase elasticity
30 Ciliary stimulators

0 O 10 Sympathomimetics

0 0 20 Xanthine derivatives

0 O 30 Herbal medicine

0 O 40 Antibiotics

Ipratropium, Oxitropium
Pyrilamine
Dexamethasone, PSL
Aspirin, Indomethacin
Erythromycin, FK-506

Water, Amiloride, UTP
Acetylcystein
KI-111

Fenoterol, Procaterol
Theophylline, Emprophylline
Saiboku-To

Erythromycin, Clarithromycin
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Fig. 4 Individual values for daily sputum production
befored baselinseJ and during] 1 wk and 2 wk{ inha-
lation of indomethaciri] upper panelCor placebal lower
panelCin patients with chronic bronchitis, bronchiecta-
sis, and diffuse panbronchiolitis.
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Table 30 Valuesw before and after 14 days of treatment with indomethacin or placebo

Indomethacin Group

Placebo Group

Before After Difference Before After Difference

Sputum

0 Wet weight, g/day 189+ 19 95+ 21 p 00 0.001 173+ 22 170+ 22 NS
[0 %SC 22+ 07 43+ 09 p 0001 19+ 06 23+ 05 NS
0 Logw CFU bacteria/g 75+ 07 78+ 06 NS 83+ 08 81+ 04 NS
Borg's ratio scale 71+ 05 45+ 04 p 00.01 66+ 04 64+ 05 NS
VC, %pred 818+ 25 826+ 24 NS 863+ 35 855+ 31 NS
FEV., %pred 69.1+ 38 727+ 36 NS 762+ 42 756+ 39 NS
ESR, mm/h 22+ 3 22+ 3 NS 19+ 3 24+ 5 NS
WBC/mm? 6,600 £ 400 6,500+ 400 NS 7,200+ 400 6,900+ 500 NS

O Definitions of abbreviations : %SCO percent solid composition ; CFUO colony-forming units ; ESRO ery-
throcyte sedimentation rates ; WBCO white blood cell counts ; NSO not significant.
0 Values are means + SEM ; n0 13 for indomethacin group, nO 12 for placebo group.
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Abstract
Regulation and pathophysiology of airway secretion

Jun Tamaoki
First Department of Medicine, Tokyo Women's Medical University School of Medicine, Tokyo, Japan

Although excessive production of sputum is one of the characteristic features of acute and chronic respira-
tory infections, bronchiectasis, diffuse panbronchiolitis, chronic bronchitis and asthma, pathophysiological mecha-
nisms underlying airway hypersecretion remain uncertain. The increase in intraluminal mucus may lead to im-
pairment of airway mucociliary clearance and deterioration of bronchial obstruction. Airway surface fluid is com-
posed of mucus glycoprotein released from submucosal glands and goblet cells and water from airway epithelial
cells, and the secretory function can be regulated by autonomic nervous system and a variety of chemical media-
tors. It is thus important to select mucoregulating drugs after understanding the mechanisms of hypersecretion
and impaired mucociliary transport under individual conditions.



