
Editorial

Inhaled loop diuretics: how do we interpret
their modulatory role in asthma?

Classically, diuretics have been in clinical use for
several decades to control hypertension and in the
management of fluid retention in heart failure and
chronic obstructive airway disease. However, over
the last 5 years, a number of studies have accumu-
lated evidence in favor of their potential use in bron-
chial asthma. The "loop" diuretic furosemide, when
inhaled, has been shown to protect the asthmatic
airways against various bronchoconstrictor stimuli
such as allergens (2), ultrasonically nebulized dis-
tilled water (UNDW) (28), exercise (6), cold air (14),
sodium metabisulfite (19,21), adenosine 5'-
monophosphate (AMP) (21,25), and bradykinin
(27). These interesting findings obviously raise the
fundamental quesdon of the mechanism(s) of action
of inhaled diuretics in these responses, and many
subsequent studies have attempted to shed light on
this subject.

"Loop" diuretics act by reducing salt reabsorption
in the thick ascending limb of Henle's loop (12) by
the inhibition of the Na ' /K ' -ATPase responsible
for the Na-K-Cl cotransport across the tubular epi-
thelium (13, 16). When present at the basolateral
side, "loop" diuretics inhibit CP flux by a number
of epithelia, possibly by an eflect on a linked Na ' /
C r entry process (10), supporting the view that the
drug may act by blocking Na'/K-' -ATPase. How-
ever, it is unlikely that the inhibition of the Na ' /
K' -ATPase at the level of respiratory epithelia may
account for their eflect in reducing provoked bron-
choconstriction. FirsUy, experimental evidence indi-
cates that there is no direct inhibition by "loop"
diuretics of Na'/K.^-ATPase in mammal airway
epithelial cells (36). Secondly, these drugs inhibit
CI ^ flux only when added to the basolateral side of
the epithelium (10), whereas in the challenge studies
of asthmatic subjects, "loop" diuretics reached the
epithelium from the luminal face of the bronchial
mucosa, and they were not eflective when given
orally (2, 6, 14, 19, 21, 25, 27, 28). Finally, furo-
semide is appreciably more potent than equidiuretic
doses of bumetanide, piretanide, or torasemide in its
ability to protect against the bronchoconstriction in-
duced by diflerent stimuli in asthmatic subjects (4,
11, 21, 26), thus suggesting a mechanism that is in-

dependent of the Na-K-Cl cotransporter function.
Taken together, these findings argue against the pos-
sibility that the mechanism or mechanisms underly-
ing the protective eflects of these drugs in experi-
mental models of clinical asthma are the same as
that or those responsible for their diuretic properties.

The observation that inhaled furosemide has
little or no significant protective effect against
methacholine- and histamine-induced bronchocon-
striction in asthma (14, 19, 21, 25), suggests that
"loop" diuretics have no direct effect at the airway
smooth-muscle level. Recent studies on guinea pig
tracheal strips (9), bovine bronchial rings, and human
bronchial airway smooth muscle in vitro (17) prove
Uiat neither furosemide nor bumetanide inhibits iso-
metric contractile responses, thus substantiating the
view that the protective efl'ect of "loop" diuretics on
induced bronchoconstriction in vivo is unlikely to be
due to a direct efl'ect on airway smooth muscle.

In providing protection against different "indirect"
bronchoconstrictor stimuli such as allergens (2),
UNDW (28), exercise (6), cold air (14), sodium meta-
bisulfate (19,21), AMP (21,25), and bradykinin
(27), the inhibitory effect of "loop" diuretics must
involve a mechanism or mechanisms common to all
these stimuli. Although the inhibitory effects of in-
haled furosemide in the airways in the absence of
bronchodilation might be explained by a suppressive
efl'ect on airway mast cells, with a profile of activity
similar to that observed with both sodium cromogly-
cate and nedocromil sodium, additional possibilities
include the capacity of this drug to enhance bron-
chial blood flow, thus afl"ecting the kinetics of the
clearance of bronchoconstrictor stimuli, to inhibit
neural pathways, and finally to generate locally pro-
tective prostaglandins with functional eflects.

Inhaled furosemide seems to exert a preferential
protective action against those stimuli, such as al-
lergens (2), UNDW (28), exercise (6), and AMP
(21, 25), that cause bronchoconstriction by releasing
spasmogenic mediators from various cell types in-
cluding mast cells. Recently, Temple et al. (33) have
shown^that furosemide (10-''-10 -'M) can inhibit
the IgE-dependent release of histamine and leuko-
triene C4 from human lung fragments. Thus, a modu-



latory function of mast cells may be responsible for
the protective eflect of this and other "loop" diuret-
ics on a variety of mast-cell-dependent bronchocon-
strictor stimuli. Furosemide also inhibits the release
of superoxide anions from human epithelial cells and
alveolar macrophages stimulated by opsonized zy-
mosan in vitro (31). However, the substantial pro-
tection alTorded by furosemide against the airway
response to sodium metabisulfite (19, 21) and brady-
kinin (27), two agonists which are believed to pro-
duce bronchoconstriction by sensory nerve stimula-
tion and tachykinin release, suggests that inhibition
of mast cells cannot be the sole mechanism of action
of furosemide in asthma.

The capacity of inhaled "loop" diuretics to reduce
the airway response to exogenously administered
bronchoprovocants may also result from a direct
effect of these drugs on the bronchial epithelium and
underlying vasculature. Through their effect on the
Na-K-Cl cotransporter mechanism, "loop" diuretics
may increase the chloride and water content of the
periciliary fluid (12). In addition, furosemide is an
eflective vasodilator (1) and, as a consequence, could
enhance bronchial blood flow to increase the trans-
epithelial clearance of exogenously administered
bronchoprovocants. That this also occurs in the al-
lergic airways is supported by a recent study show-
ing that in sheep sensitized to Ascaris suum the mag-
nitude and duration of the antigen-induced airway
smooth-muscle constriction were influenced by mi-
crovascular hyperfusion (J8).

There is now some evidence that drugs such as
furosemide might alter neural activity in the airways.
The recent observation by Ventresca et al. (34) that
inhaled furosemide inhibits the cough response in-
duced by low-chloride aerosols in normal volunteers
suggests an effect on sensory nerves. Further evi-
dence for an effect on nerves is supported by a re-
cent investigation with guinea pig airways showing
that both furosemide and bumetanide inhibit, dose-
dependently, the airway smooth-muscle contraction
induced by stimulation of cholinergic and noncho-
linergic nonadrenergic nerves, and that this effect is
independent of cyclooxygenase production (9). Fur-
thermore, in asthmatic subjects, inhaled furosemide
inhibits bronchospastic responses induced by both
sodium metabisulfite (19,21) and bradykinin (27).
Since many of the other "indirect" stimuli also in-
volve, to some extent, neural reflexes, an important
component of their bronchoconstrictor response is
neurally mediated and probably furosemide-
sensitive. However, these findings do not explain the
effects of furosemide on the early and late response
to allergen (2).

Drugs such as furosemide produce some of their
effect in the kidney by the secondary production of
endogenous prostanoids (7, 32). In man, furosemide

causes an increase in the plasma concentration of
free arachidonic acid (35) and enhances the urinary
excretion of prostaglandins (PGs) including prosta-
cyclin (PGL) (29). That this also occurs in the air-
ways is supported by a recent report showing that
bovine tracheal mucosa produces PGE, in response
to furosemide (22). It is suggested that furosemide
affords protection against exercise and related stimuli
by releasing PGE, and PGL, which are both potent
functional antagonists through their capacity to stim-
ulate adenylate cyclase in the airways (15,30). In
asthma, inhaled PGL affords short-term protection
against several stimufi such as exercise (5), UNDW
(3), PGD2 (15), and methacholine (15), without hav-
ing any consistent effect on basal airway caliber.
Similarly, inhaled PGE2 protects against the con-
tractile effect of sodium metabisulfite and methacho-
line in asthmatic patients (23). In support of the
hypothesis that the effects of furosemide in asthma
are due to its ability to generate inhibitory pros-
tanoids, Pavord et al. (24) have recently shown that
the protective action of furosemide against exercise-
induced asthma is eliminated by cyclooxygenase
blockade with indomethacin. Studies with cyclooxy-
genase inhibitors corroborate a protective role for
endogenous inhibitory prostanoids, showing a re-
duction in the loss of responsiveness commonly ob-
served after recovery from bronchoconstriction in-
duced by exercise (20) and UNDW (18). Thus, it is
possible that local production of PGE^ and/or PGL
in response to inhaled "loop" diuretics may account
for die protection afforded against the airway effect
of exogenously administered bronchoprovocants
without changing basal airway caliber.

In this issue of Allergy, Bianco et al. (5) challenge
the contention that local production of prostanoids
modulates the bronchial antireactive activity of fu-
rosemide, by investigating the eflect of inhaled ace-
tylsalicylate and of furosemide, alone and in combi-
nation, on the bronchospastic response induced by
UNDW in a controlled study of 15 asthmatic sub-
jects. The results of their investigation show that
inhaled furosemide produces a moderate protection
of the airways against the constrictor effect of
UNDW, whereas nebulized acetylsalicylate pro-
duces only a minimal effect. Surprisingly, when they
effected interaction of the two drugs, there was a
tremendous synergism in terms of the degree of
blockade achieved. In the authors' view, their find-
ings suggest that the andreactive activity of furo-
semide against UNDW is not mediated by the
increased production of bronchoprotective prostag-
landins. However, it is doubtful that this surmise is
substantiated by the data of the present study. In-
deed, the unexpected synergistic interreaction be-
tween furosemide and acetylsalicylate in the airways
of these asthmatic subjects could have completely



masked any contributory role of endogenous pros-
tanoids to the airway efl"ect of inhaled furosemide.
Although this bizarre drug interaction gives rise to a
novel, interesting observation which may have seri-
ous implications for possible future therapeutic op-
tions in the management of bronchial asthma, it un-
fortunately does not broaden our current knowledge
of the mechanism(s) of action of "loop" diuretics in
human asthma. With these considerations in mind,
one is tempted to speculate that local production of
inhibitory prostaglandins might be one of the most
attractive explanations of the protective actions of
"loop" diuretics against the bronchoconstrictor re-
sponse to various stimuli.

After having been dormant for some years, inter-
est in "loop" diuretics in respiratory medicine has
experienced an impressive resurgence, particularly
with respect to their potential therapeutic role in
asthma as modulating agents of bronchial hyperre-
sponsiveness. Further work is needed to clarify the
intriguing suppressive action of this class of drug on
bronchoconstrictor stimuli in asthma and whether

reduce elevated left
J Pharmacol Exp Th

;. CsETE ME, CHEDIA

(IZZELL RA, FIELD

6 (Renal Fluid Elect

XRLESi RM, MARA:
d torasemide on broi

M , SCHI

pithelial t
l Ph

LTZ SG. Sodiun
sues. Am J Phy;
ol 5): F l -8 .

nchia
L. Effeet of inhaled furo
response to ultrasonieall
itic subjects. Am Rev Rc<

this ha;

lizcd distilled water il
1992: 146: 364-8.

12. GOLDBERG M . The renal physiology of diuretics. In
LOFF J, BERLINER RW, eds. Handlwok of physiology
8, Renal physiology. Washington, DC: American Phys
cal Society,'1973r"lOO3-31.''

13. GREGER R. Chloride reabsorption in the rabbit cortica
ascending loop of Henle. Pluegers Arch 1981: 390: 3f̂

14. GRUBBE RE, HOPP R, DAVE^NK, BRENNAN B, BE

A, TowNLEY R. Effect of inhaled furosemide on the
chial response to methaeholine and cold-air hypervent
challenges. J Allergy Immunol 1990: 85: 881-4.

15. HARDY- CC, BRADDING P , ROBINSON C, HOLGAT

OR-

-apeui
feet in this disease. However, a belter understand-
ing of the range of activity of these compounds in . H

ihaled prostacyclin in asthma. J Appl Physiol 1988: 64:
567-74.

SC, CuLPHPPER RM. ANDREOLI TE. Na-Cl

suits from long-term clinical trials and
way cell models become available.

R. Polosa
Istituto Malattie Apparato Respiratori'
University of Catania
Via Passo Gravina 187
95125 Catania
Italy

References
1. ALI JM, WOOD LDH. Pulmonary vascular

tional nephron heterogeneity and ADH-stimulated Na-Cl
cotransport. Am J Physiol 1981: 241 (Renal Fluid Electrolyte
Physiol 10): F4l2-3r.

17. KNOX AJ, A.IAO P. Effect of frusemide on airway smooth
muscle contractility //; riuv. Thorax 1990: 45: 856-9.

18. MATTOLI S, FORESI A, CORBO GM, VALENTE S, CIAPPI

G. The effect of indomethacin on the refractory period oc-
curring after the inlialation o[' ultrasonieally nebulized dis-
tilled water. J Allersiy Clin Immunol 1987: 79: 67S-83.

19. NiCHOL GM, ALTON EWFW, Nix A, GEDDES DM.
CHUNG KF, BARNES PJ. Effect of inhaled furosemide on

Respir Dis 1990: 142: 576-80.
20. O 'BYRNE PM, JONES GL. The effect of indomethacin on

1984: 57: 160-7.
2. BIANCO S, PIERONI MG, REFINI RM, ROTTOLI L, SES

P. Protective effect of inhaled frusemide on allcrgen-ind

69-72.
21. O 'CONNOR BJ, CHUNG KF, CHEN-WORSDELL YM,

FULLER RW, BARNES PJ. Effeet of inhaled frusemide and
bumetanide on adenosine 5 -monophosphate and sodium

3. BtANCO S, Roi
Eftects of prost

1 M, CESERANI R, GANDOLFIO (

1 on aspeeifically and specifically i

jects. Am Rev Respir Dis

of frusemide on release of r

)91: 143: 1329-34.

istaglandin E, by bov

Dis 1980: 106 (SuppL): 81-7.
BIANCO S, ROBUSCHI M , VAGHI A, PIERONI MG, REI

RM, SESTINI P. Protective eflect of inhaled piretanide on

H,O. Am Rev Respir Dis 1991: 143: A210.

inhaled lysine acetylsalicylate. Allergy 1993 (this
. BIANCO S, VAGHI A, ROBUSCHI M , PASARG

Prevention of exercise-indueed bronchoeonstric
haled frusemide. Lancet 1988: ii: 252-5.

. BouRLAND WA. DAY DK, WILLIAMSON HE.
the kidney in the early nondiuretic aetion of fui

y prostanoids. Thorax )92: 47: 797-800.



Editorial

26. POLOSA R, RAJAKULASINGAM K, PROSPERINI G , CHURCH 31. SOLOPERTO M , MARINI M , BRASCA C, FASOLI A, MATTI-

MK, HOLGATE ST. Relative potencies and time-course of OLI S. The proteetive effect of frusemide on the generation of

and bumetanide in asthma. J Allergy Clin Immunol 1993 (in pulmonary macrophaces in vivo. Pulmon Pharmacol 1991: 4:
press). 80-4.

27. RAJAKULASINGAM K, POLOSA R, CHURCH MK, Ho- 32. STRUYKER-BOUDIER HAJ, SMITS JFM, KLEINJANS JCS,

WARTH PH, HOLGATE ST. The effect of inhaled frusemide VAN ESSEN H . Heniodynamic aetions of diuretie agents. Clin
on airways responses to bradykinin and adenosine 5'- Exp Hypertens [A] 1983: A5: 209-23.
monophosphate in asthma. Am Rev Respir Dis 1993 (in 33. TEMPLE DM, WEI HE, ANDERSON SD. Inhibition by fu-
press). rosemide of inflammatory mediators from lung fragments. N

28. ROBUSCHI M , GAMBARD G , SPAGNOTTO S, VAGHI A, EngI J Med 1990: 324: 131.

BIANCO S. Inhaled frusemide is highly effeetive in preventing 34. VENTRESCA PG, NICHOL GM, BARNES PJ, CHUNG KF,

Pharmacol 1989: 1: 187-91. content solutions but not by capsaicin. Am Rev Respir Dis
29. SCHERER B, WEBER PC. Time-dependent changes in pros- 1990: 142: 143-6.

m 9 : 56: 77-81. arachidonic acid by furosemide in man as the cause of prosta-
30. SMITH AP, CUTHBERT MF, DUNLOP LS. Effects of inhaled glandin and renin release. EtirJ Pharmacol 1977:41: 329-^32.

prostaglandins E,, E, and F, on the airway resistance of 36. WIDDICOMBE JH, NATHANSON IT, HIGHLAND E. Effects
healthy and asthmatic man. Clin Sci Mol Med 1975: 48: of "loop" diuretics on ion transport by doe tracheal epithe-
421-30, hum. Am J Physiol 1983: 245: C388-96.




