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ABSTRACT:  Inhaled frusemide protects asthmatic airways against a wide variety
of bronchoconstrictor stimuli by unknown mechanisms.  

To investigate whether inhaled loop diuretics modulate baseline bronchial
responsiveness,  a randomized,  double-blind,  placebo-controlled study was conducted
to test the ability of frusemide (40 mg) and bumetanide (2 mg) to displace concentration-
response curves with methacholine in 14 healthy volunteers.  In addition, separate
randomized, double-blind studies were carried out to evaluate the effects of oral
flurbiprofen, a potent cyclo-oxygenase inhibitor,  on the protective action of frusemide
against methacholine-induced bronchoconstriction.

Inhaled loop diuretics significantly increased the provocative concentration of
methacholine causing a 15% decrease in forced expiratory volume in one second
(PC15FEV1) from the geometric mean (range) value of 58.6 (9.2–233) mg·ml-1 after
placebo administration, to 129 (13.8–505) and to 106 (6.6–510) mg·ml-1 after admin-
istration of frusemide and bumetanide, respectively.  Similar results were obtained
when data from partial flow-volume curves were used for analysis.  In the eight
subjects studied, pretreatment with oral placebo and inhaled frusemide reduced
airway responsiveness to methacholine, with a geometric mean (range) PC15FEV1

value of 116 (25.4–405) mg·ml-1, and premedication with oral flurbiprofen abolished
this protective effect, the geometric mean (range) PC15FEV1 methacholine being
reduced to a value of 50.3 (16.6–189) mg·ml-1.  In addition, oral flurbiprofen alone
failed to alter airway responsiveness to methacholine.

In view of these findings, it is suggested that bronchoprotective prostaglandins
may mediate the effects of loop diuretics against methacholine-induced broncho-
constriction in man.
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When administered by inhalation, the "loop" diuretic
frusemide has been shown to protect the asthmatic air-
ways against various bronchoconstrictor stimuli, inclu-
ding exercise [1], ultrasonically nebulized distilled water
[2], allergen [3], adenosine 5'-monophosphate [4], sodi-
um metabisulphite [5], and bradykinin [6].  However, it
has little or no effect on the bronchoconstriction follow-
ing directly acting agonists, such as methacholine [4, 5]
and histamine [7].

The mechanisms underlying the protective effects of
frusemide in asthma are not yet understood, but are of
interest as they might shed light on the pathophysiology
of asthma [8].  In common with other loop diuretics,
frusemide and bumetanide act on the renal tubule to
promote diuresis by inhibiting the Na+2Cl-K+ co-transpor-
ter on the luminal surface of the epithelia [9].  If this is
true for the airway epithelium, then exposure to a loop
diuretic might alter local neural activity or inflammatory
cell activation via a change in the osmolarity of the
surrounding airway lining fluid.  However, the lack of

effect of frusemide when administered orally argues
against this mechanism [1, 3], as does the evidence that
bumetadine, one of the most potent inhibitors of the
Na+2Cl-K+ co-transporter, is appreciably less efficacious
than equidiuretic doses of frusemide in its ability to
protect against the bronchoconstriction induced by dif-
ferent stimuli in asthmatic subjects [10, 11].  An addi-
tional possibility is that bronchoprotective prostaglandins,
such as prostaglandin E2 (PGE2) and prostacyclin (PGI2),
may underlie the airway action of loop diuretics in asthma.
In man, frusemide enhances the synthesis of PGE2 in the
kidney, which may affect renal blood flow [12, 13].  That
this also occurs in the airways is supported by a recent
report showing that bovine tracheal mucosa produces
PGE2 in response to frusemide [14].  As inhaled PGE2

has been shown to protect against the bronchospastic
response to methacholine, sodium metabisulphite, exer-
cise and allergen [15–17], the beneficial effects of inha-
led frusemide may be related to local airway production
of PGE2.



Although it has been reported that inhaled frusemide
may reduce baseline bronchial responsiveness in man
[18], it is not known whether a similar protective effect
is seen with other loop diuretics.  We have, therefore,
investigated the effects of inhaled frusemide and bume-
tanide on airway responsiveness to methacholine in a
group of healthy volunteers.  In addition, we have tested
the hypothesis that this phenomenon may be due to
generation of cyclo-oxygenase products in the airway by
investigating the effect of flurbiprofen, a potent cyclo-
oxygenase inhibitor, on the protective action of inhaled
frusemide against methacholine-induced bronchoconst-
riction.  As part of these studies, the effect of flurbiprofen
on airway responsiveness to methacholine was also exa-
mined in a separate randomized, double-blind study.

Methods

Subjects

A total of 22 nonsmoking healthy subjects (12 males
and 10 females) aged 18–55 yrs, with no history of
respiratory disease and with baseline values of forced
expiratory volume in one second (FEV1) above 80% of
their maximum predicted values, took part in the study
(table 1).  Sixteen subjects were atopic, as defined by
positive responses to skin-prick tests (weals over 3 mm

in diameter) to one or more common aeroallergens.  The
subjects took no medication and were free from respira-
tory tract infections for at least 4 weeks before and
throughout the investigation.  None gave a history of
nonsteroidal anti-inflammatory drug (NSAID) intoler-
ance or developed bronchoconstriction in response to oral
flurbiprofen.  Subjects gave their written informed consent,
and the study was approved by the Southampton University
and Hospital Ethics Committee.

Airway measurements and methacholine bronchoprovocation
tests

Airway calibre was recorded both as the FEV1 and as
the maximum expiratory flow rate measured at 70% of
the vital capacity (VC) below total lung capacity (TLC)
from a partial forced expiratory manoeuvre (Vp30).  Both
measurements were derived from flow-volume curves
produced on a rolling seal, flow-rate-dependent spirometer
(Morgan Spiroflow, P.K. Morgan Ltd, Kent, UK) connec-
ted to an 85B desk top computer via an 82940A GP-10
interface (Hewlett Packard, Wokingham, Berkshire, UK).
Partial expiratory flow-volume (PEFV) curves were ob-
tained using the technique described by ZAMEL [19].
Briefly, three VC measurements were recorded, and the
largest used to define the control VC.  The volume from
which the PEFV curves were initiated was set at 70%
of this control VC and marked-off from TLC.  After at
least one minute of tidal breathing, during which deep
breaths were carefully avoided, subjects were asked to
reach, from end-tidal expiration, a volume equal to the
70% of their control VC, and to expire forcefully to
residual volume (RV).  In this way, PEFV curves, stan-
dardized for volume and volume history, were obtained
and related Vp30 values derived.  On reaching RV, subjects
inspired to TLC and then expired maximally back to RV,
allowing a measurement of FEV1 to be recorded.

Methacholine (Sigma Chemical Co., Poole, Dorset,
UK) was prepared in 0.9% sodium chloride (saline) to
produce a range of doubling concentrations of 1–256
mg·ml-1 (5.1–1308 mmol·l-1).  The aqueous solutions were
administered as aerosols, generated from a starting vol-
ume of 3 ml in a disposable Inspiron Mini-nebulizer
(C.R. Bard International, Sunderland, UK) driven by
compressed air at 8 l·min-1.   Subjects inhaled the aerosoli-
zed solutions in five breaths from end-tidal volume to
full inspiratory capacity via a mouthpiece.  Subjects were
trained to take 3 s to reach full inspiratory capacity.

Study design

The study consisted of three separate phases.

Phase 1.  Fourteen subjects (Nos. 1–14) attended the
laboratory on four separate occasions, at least 72 h apart,
at the same time of day.

On the initial visit, subjects undertook a concentration-
response study with inhaled methacholine in the absence
of any drug treatment.  After 15 min rest, three baseline
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Table 1.  –  Demographic details of subjects studied

Sub Sex Age Baseline FEV1 Atopy§ PC15 meth
No. yrs l mg·ml-1

1 F 21 3.76 + 34.0
2 F 26 3.02 + 60.5
3 M 28 3.10 + 39.1
4 M 29 4.57 + 28.6
5 M 23 3.91 - 43.8
6 M 23 3.65 + 204.5
7 M 22 3.75 + 117.2
8 F 55 2.26 - 225.1
9 F 24 3.07 + 61.3

10 M 34 2.67 + 8.3
11 M 21 3.70 - >512
12 M 36 3.97 + >512
13 M 21 5.03 + >512
14 M 22 4.35 + >512
15 F 26 3.10 + 10.7
16 F 30 2.95 - 18.5
17 M 28 3.75 + 25.5
18 M 33 3.85 + 150.9
19 F 18 3.20 + 112.2
20 F 44 2.82 - 92.5
21 F 31 2.97 + 88.8
22 F 30 3.08 - 147.1

Mean 28 3.48 83.6*
SEM ±2 ±0.14 (8.3–>512)

*: geometric mean and range in parenthesis; §: atopic, positive
(+) immediate skin-prick test to one or more allergens.  FEV1:
forced expiratory volume in one second; PC15 meth: provocation
concentration of methacholine producing a 15% decrease in
FEV1; Sub: subject; M: male; F: female.

·

·



measurements of FEV1 and Vp30 were made at intervals
of 3 min, followed by inhalation of saline and further
measurements repeated at 1 and 3 min, the higher values
being recorded.  A concentration-response study with
methacholine was then carried out.  After administration
of each concentration, FEV1 and Vp30 were measured at
1 and 3 min.  Increasing doubling concentrations of
methacholine were inhaled at approximately 5 min inter-
vals until FEV1 had fallen by >15% of the post-saline
value and the corresponding PC15FEV1 values derived,
or until Vp30 had decreased by >40% and the related
PC40Vp30 values calculated.

On the next three visits, subjects underwent concentra-
tion-response studies with inhaled methacholine after
nebulized frusemide (40 mg), bumetanide (2 mg) or
matched nebulized vehicle (placebo), administered in
double-blind fashion and in random order 10 min before
challenge.  On each occasion,  three baseline measurements
of FEV1 and Vp30 were recorded at intervals of 3 min.
This was followed by inhalation of nebulized frusemide
(Lasix, Hoechst, Frankfurt AM Main, Germany) at a con-
centration of 10 mg·ml-1, nebulized bumetanide (Burinex,
Leo, Aylesbury, UK) at a concentration of 0.50 mg·ml-1,
or nebulized vehicle consisting of 0.9% sodium chloride
adjusted to similar pH and tonicity as the drug solution
used.  The aerosol solutions were generated from a starting
volume of 4.0 ml in an Inspiron mini-nebulizer, driven
by compressed air at a rate of 6 l·min-1, and inhaled to
dryness by deep tidal breathing over a 7–9 min time
period.  The same nebulizer was used for all studies on
all subjects.  FEV1 and Vp30 measurements were taken
5 and 10 min after inhalation.  Ten minutes after inhala-
tion of the test drug, a concentration-response study with
methacholine was performed in the manner described
above.

Phase 2. Eight subjects (Nos. 1–4, 6, 7, 15 and 16) with
a previously established PC15FEV1 methacholine atten-
ded the laboratory on two separate occasions at the same
time of day, not less than 10 days apart.

On each occasion, subjects were asked to take oral
flurbiprofen, 50 mg b.i.d. or matched placebo for 3 days
before and on the day of the challenge, according to a
randomized double-blind protocol, the last dose being
taken 2 h before the methacholine challenge.  On both
visits, 10 min before the challenge, subjects inhaled
frusemide (40 mg) through a mouthpiece at tidal volume
until the nebulizer was dry.  FEV1 measurements were
taken before, and 5 and 10 min after inhalation.  The
administration of the aerosol solutions and the challenge
procedure used were identical to those described in Phase
1 of the study.

Phase 3. Eight subjects (Nos. 15–22) with a previously
established PC15FEV1 methacholine attended the labora-
tory on two further occasions at the same time of day.

On each occasion, subjects were asked to take oral
flurbiprofen, 50 mg b.i.d. or matched placebo for 3 days
before and on the day of the challenge, according to a
randomized double-blind protocol, the last dose being
taken 2 h before the methacholine challenge.  On both

visits, 10 min before the challenge, subjects inhaled pla-
cebo (normal saline) followed by FEV1 measurements
and methacholine challenge in a manner similar to that
described for Phase 2 of the study.

Data analyses

Results are expressed as mean±SEM unless otherwise
stated, and a p value of less than 0.05 was accepted as
the minimum level of statistical significance.  Pre- and
post-treatment baseline values of FEV1 and Vp30 prior
to bronchial challenges were compared between and
within study days using analysis of variance (ANOVA)
for multiple comparisons, and the change assessed by
the least significant difference test.

Concentration-response curves were constructed by
plotting the percentage change in FEV1 and Vp30 from
the postsaline baseline value against the cumulative
concentration of methacholine administered on a logarith-
mic scale and the concentration of agonist required to
produce a 15 and 40% fall in FEV1 and in Vp30 from
the postsaline baseline value (PC15FEV1 and PC40Vp30,
respectively) determined by linear interpolation.

Values of PC15FEV1 and PC40Vp30 methacholine
following treatments were logarithmically transformed to
normalize their distribution, and compared by ANOVA
for multiple comparisons (for Phase 1) and by Student's
t-test for paired data (for Phases 2 and 3).

In Phase 1, four subjects (Nos. 11–14) failed to achieve
a 15% fall in FEV1 when the maximum concentration of
methacholine was administered and their minimal estimated
values were excluded from statistical analysis.

For each subject, concentration ratios for the protective
effect of frusemide and bumetanide against bronchoprovo-
cation with methacholine were calculated individually,
by dividing the PC values obtained after administration
of active drug by that obtained after placebo, and compared
using the Wilcoxon signed rank test.

In addition, we have analysed any relationship between
the concentration ratios after the test drugs, the baseline
FEV1 and the airway responses to methacholine by least-
squares linear regression analysis.

Results

Phase 1. There were no significant differences in mean
baseline values of FEV1 and Vp30 between any of the
treatment days.  Inhaled frusemide and bumetanide were
well-tolerated and had no effect on baseline spirometry,
with mean±SEM values ranging from 3.57 (±0.21) to 3.67
(±0.20) l for FEV1, and from 161.5 (±13.3) to 169.0
(±13.1) l·min-1 for Vp30.  Subjects Nos. 11–14 did not
achieve a 15% fall in FEV1 after methacholine challenge
on any of the study days, and their minimal estimated
values were excluded from statistical analysis.

On the placebo study day, the geometric mean (range)
PC15 (n=10) and PC40 (n=14) values with methacholine
in this group of subjects were found to be 58.6 (9.2–233.0)
and 14.8 (1.7–69.8) mg·ml-1 respectively, which did not
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differ significantly from the PC15 and PC40 values of
55.5 (6.5–225.1) and 13.1 (1.2–50.5) mg·ml-1 obtained
on the open study day.

When compared with placebo, both frusemide and
bumetanide protected the airways against the constrictor
effects of inhaled methacholine.  When airway responsive-
ness was analysed as PC15 (n=10), frusemide produced
a displacement of the methacholine concentration-response
curves to the right in 9 out of the 10 subjects, whereas
protection with bumetanide was observed in only 7 subjects
(table 2a).

Inhaled frusemide had a significant protective effect
against the fall in FEV1 and Vp30 provoked by methacholine
(figs. 1 and 2; table 2a and b), the geometric mean (range)
PC15 and PC40 values increasing from 58.6 and 14.8

mg·ml-1 after placebo administration to 129 (13.8–505)
mg·ml-1 (p<0.01) and to 32.2 (1.6–182) mg·ml-1 (p<0.01)
after administration of the drug.  Inhaled bumetanide was
as effective as frusemide in protecting against the metha-
choline-provoked fall in FEV1 and Vp30 (figs. 1 and 2;
table 2a and b); the geometric mean PC15 and PC40
values increased to 106 (6.6–510) mg·ml-1 (p<0.05) and
to 24.0 (1.3–202) mg·ml-1 (p<0.05).
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Table  2.  –  Effects of inhaled bumetanide, frusemide
and placebo on airway methacholine responsiveness
measured as PC15FEV1 and PC40Vp30

Subject Placebo Bumetanide Frusemide
No. mg·ml-1 mg·ml-1 mg·ml-1

a) PC15FEV1 methacholine
1 37.9 92.2 63.0
2 37.2 73.0 50.7
3 55.5 110.5 146.4
4 30.5 82.0 338.5
5 52.1 249.2 71.6
6 116.0 119.5 306.3
7 155.7 510.3 505.0
8 233.0 355.6 500.7
9 100.1 83.2 102.2

10 9.2 6.6 13.8
11 >512 >512 >512
12 >512 >512 >512
13 >512 >512 >512
14 >512 >512 >512

GM 58.6 106.1 129.0
Range (9.2–233.0) (6.6–510.3) (13.8–505.0)

b) PC40Vp30 methacholine
1 13.9 22.4 16.7
2 16.2 14.3 8.2
3 30.8 91.1 108.4
4 18.0 38.9 137.5
5 8.7 36.2 10.2
6 23.5 44.9 37.8
7 4.5 28.3 94.9
8 50.8 30.4 64.5
9 30.2 17.8 36.9

10 1.7 1.3 1.6
11 2.4 3.0 8.7
12 11.4 16.5 41.0
13 42.6 201.9 69.4
14 69.8 57.1 181.7

GM 14.8 24.0 32.2
Range (1.7–69.8) (1.3–201.9) (1.6–181.7)

*: geometric mean values calculated excluding subjects Nos
11–14 from analysis.  PC40Vp30: provocation concentration of
methacholine producing a 40% decrease in Vp30; Vp30: maximum
expiratory flow rate measured at 70% of vital capacity below
total lung capacity from a partial forced expiratory manoeuvre.
For further abbreviations see legend to table 1.
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Fig. 1.  –  Changes (mean±SEM) in provocation concentrations of
methacholine required to provoke a 15% decrease in FEV1 (PC15FEV1)
after administration of placebo (       ), frusemide (       ) and bumetanide
(      ) in 10 normal subjects.  *: significant difference at p<0.05 vs
placebo; **: significant difference at p<0.01 vs placebo.  FEV1: forced
expiratory volume in one second.
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Fig. 2.  –  Changes (mean±SEM) in provocation concentrations of
methacholine required to provoke a 40% decrease in Vp30 (PC40Vp30)
after administration of placebo (       ), frusemide (       ) and bumetanide
(     ) in 14 normal subjects.  *: significant difference at p<0.05 vs
placebo.  **: significant difference at p<0.01 vs placebo.  Vp30: maximum
expiratory flow rate measured at 70% of vital capacity below total lung
capacity from a partial forced expiratory manoeuvre.
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When expressed as concentration ratios of PC15 data,
frusemide afforded a 2.2 fold protection of the airways
against methacholine, whereas the protective effect of
bumetanide was 1.8 fold.  Similar findings were obtained
when the concentration ratios for the PC40 values were
used for analysis.  No significant relationship could be
found between the concentration ratios after the test drugs,
and the airway responses to methacholine.

Phase 2. There were no significant differences in mean
baseline values of FEV1 between the two study days.
Inhaled frusemide alone or in combination with oral
flurbiprofen had no effect on baseline spirometry.

As expected, pretreatment with oral placebo and inhaled
frusemide reduced airway responsiveness to methacho-
line, with a geometric mean (range) PC15 value of 116
(25.4–405) mg·ml-1, and combined premedication with
oral flurbiprofen and inhaled frusemide abolished this
protective effect, the geometric mean (range) PC15FEV1

methacholine being reduced to a value of 50.3 (16.6–
189) mg·ml-1 (table 3).

Phase 3. There were no significant differences in mean
baseline values of FEV1 between the two study days.
Oral flurbiprofen had no effect on baseline spirometry.

Pretreatment with oral flurbiprofen and inhaled placebo
failed to alter airway responsiveness to methacholine, the
geometric mean (range) PC15 value of 65.4 (9.4–192)
mg·ml-1 not being significantly different from that of 57.7
(10.3–187) mg·ml-1 obtained after placebos (table 4).

Discussion

In the present study, we have shown that loop diuretics
attenuate methacholine-induced bronchoconstriction in
man.  The approximately twofold reduction in the airway
response to methacholine after inhaled frusemide and
bumetanide is in agreement with the findings of an open
investigation by FUJIMURA et al. [18] on 11 healthy subjects,
and with the results of a previous investigation of 12
asthmatics by our group [4].  These findings indicate that
inhaled loop diuretics may cause a reduction in the level
of nonspecific bronchial responsiveness in man.

The present data differ from those of others obtained
in asthmatic subjects [5, 10].  Clearly, there must be
something in the characteristics of normal subjects which
affects their response, as indicated by a recent study [20]
in which inhaled frusemide caused sustained inhibition
of the cough response to nebulized low-chloride solutions
in normals, but not in asthmatics.  Damaged airway epi-
thelium in asthma may alter the pharmacokinetic profile
of inhaled loop diuretics, thus, changing their local phar-
macodynamic activity.  Therefore, it is possible that local
drug concentrations may persist at higher levels in the
airways of healthy subjects, as opposed to asthmatics, so
that a more significant response is seen.  In addition, the
damaged airway epithelium in asthma might respond
differently to loop diuretics by generating less broncho-
protective prostaglandins (i.e. PGE2), as shown for viral
infections [21].

We have also shown that pretreatment with oral flur-
biprofen for 3 days, at a dose that abolished  ex vivo pro-
duction of thromboxane metabolites [22], abolished the
effect of frusemide in protecting against methacholine-
induced bronchoconstriction.  This reversal of the protective
effects of frusemide by a cyclo-oxygenase inhibitor prov-
ides strong evidence for our hypothesis that the beneficial
effects of frusemide in man are due to production of
inhibitory prostanoids.  This view is also supported by a
recent study by PAVORD et al. [23], in which pretreatment
with the potent cyclo-oxygenase blocker, indomethacin,
elicited a significant reduction of the effect of frusemide
in protecting against exercise-induced asthma.  However,
in a recent study of similar design, another cyclo-oxygenase
inhibitor (flurbiprofen, 200 mg in a single oral dose),
failed to reverse the protective effect of inhaled fruse-
mide against metabisulphite (MBS)-induced broncho-
constriction in asthmatics [24].  We have no convincing
explanation for these discrepancies, but it should be borne
in mind that different dosages of flurbiprofen were used.
In addition, the possibility of a decrease in PGE2 produc-
tion by the asthmatic epithelium may be responsible for
the observed failure of oral flurbiprofen to reverse the
protective effect of inhaled frusemide against MBS-indu-
ced bronchoconstriction in asthma.
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Table 3.  –  Individual PC15FEV1 methacholine values
after inhaled frusemide in combination with oral flur-
biprofen or matched placebo pretreatment (Phase 2)

PC15FEV1 methacholine  mg·ml-1

Subject Placebo Flurbiprofen
No. + frusemide + frusemide

1 57.7 32.3
2 69.0 41.1
3 168.8 50.0
4 291.6 67.9
6 405.2 188.8
7 399.4 155.0

15 41.4 18.7
16 25.4 16.6

GM 116.3 50.3
range (25.4–405.2) (16.6–188.8)

For abbreviations see legend to table 1.

Table 4.  –  Individual PC15FEV1 methacholine values
after inhaled normal saline in combination with oral flurbipro-
fen or matched placebo pretreatment (Phase 3)

PC15FEV1 methacholine  mg·ml-1

Subject Placebo Flurbiprofen
No. + saline + saline

15 16.6 28.0
16 10.3 9.4
17 33.9 42.2
18 187.3 170.0
19 98.0 88.8
20 105.2 119.0
21 64.8 87.2
22 169.1 191.5

GM 57.7 65.4
Range (10.3–187.3) (9.4–191.5)



Both PGE2 and prostacyclin (PGI2) are major cyclo-
oxygenase products of human lung [25, 26], and loop
diuretics have been shown to induce their effect in the
kidney by the secondary production of PGE2 and PGI2

[12, 13, 27].  In man, frusemide stimulates the production
of PGE2 by increasing the availability for arachidonic
acid [28], and enhances the urinary excretion of PGI2

[29].  Although there is, as yet, no direct evidence to
implicate frusemide in the production of inhibitory pros-
taglandins from human epithelium in vivo, it is sug-
gested that frusemide may afford protection against a
variety of stimuli by releasing epithelium derived PGE2

and PGI2, both of which are potent functional antagonists
through their capacity to stimulate adenylate cyclase in
the airways [30].  Indeed, PGE2 has inhibitory effects on
cholinergic contractions of human airway preparations
after electric field stimulation [31], and inhaled PGE2

protects against the bronchoconstrictor response to metha-
choline, sodium metabisulphite, exercise, ultrasonically-
nebulized distilled water (UNDW) and allergen in asthmatic
subjects [15–17].  Similarly, inhaled PGI2 affords short-
term protection against several stimuli including UNDW
[32], PGD2 [33] and methacholine [33], without having
any consistent effect on basal airway calibre.  Studies
with cyclo-oxygenase inhibitors corroborate a protective
role for endogenous inhibitory prostaglandins, by showing
a reduction in the loss of responsiveness observed after
recovery from bronchoconstriction induced by exercise
[34] and UNDW [35].

Although both flurbiprofen and frusemide are weak
organic acids and may compete for a similar transport
system across the airway epithelium, it is unlikely that
the findings of the present study might have been explain-
ed on grounds other than inhibition of prostaglandin
synthesis.  This would have been important if both drugs
were to be administered by inhalation.  Although local
production of inhibitory prostaglandins may be con-
sidered as an important mechanism by which inhaled
loop diuretics protect the airways against bronchoconst-
riction, additional possibilities include the suppressive
effect on the function of airway mast cells [36], and the
capacity of this drug to inhibit neural pathways [37,
38].

In the subjects studied, flurbiprofen alone did not inhibit
the bronchoconstrictor response to methacholine.  This
finding was not surprising, as a number of studies with
this drug have repeatedly failed to show an effect on
methacholine or histamine induced bronchoconstriction
[39, 40].

The present study demonstrates that methacholine-
induced bronchoconstriction is inhibited both by inhaled
frusemide and bumetanide in man, and that the protective
effect of frusemide is reversed by cyclo-oxygenase block-
ade, thus supporting the view that the beneficial effects
of frusemide in human airways are due to the local
production of inhibitory prostaglandins.  Although our
work suggests that functional antagonisms sustained by
inhibitory prostaglandins, such as PGE2 and PGI2 may
offer an additional explanation for many of the protective
effects of loop diuretics in asthma, further research is
required to elucidate the suppressive action of this class

of drug on bronchospasm and to explore how these
findings may broaden our understanding of the potential
role of these compounds in asthma.
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