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ABSTRACT:  Inhaled frusemide has been shown to protect against the bron-
choconstrictor effect of several inhaled agents in asthmatic subjects by mechanism(s)
that are unclear.  Since loop diuretics can modulate Cl– transport in the airway
epithelium, frusemide may alter the quality and/or the quantity of the periciliary
layer, which in turn may affect lung mucociliary transport.

We investigated the effect of a single inhalation of nebulized frusemide (40 mg)
on lung mucociliary clearance in four healthy subjects and in seven stable, mild
asthmatics using an objective radioaerosol technique.  Frusemide or placebo was
inhaled in a double-blind, randomized, cross-over manner half an hour after the
inhalation of 5 µm polystyrene particles labelled with 99mTc, used for assessing
mucociliary clearance.

The pulmonary function and initial radioaerosol distribution were similar between
frusemide and placebo runs within each of the two study groups.  The areas under
the tracheobronchial retention curves over the 6 h observation period were similar
between frusemide and placebo runs for both groups.

Our findings show inhaled frusemide, at a dose known to inhibit bronchocon-
strictor responses, does not affect lung mucociliary clearance.
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Inhaled frusemide inhibits the bronchoconstrictor effects
of indirect challenges, such as allergens, distilled water,
sodium metabisulphite and adenosine, in asthmatic patients
[1–4].  Because frusemide has no effect against the bron-
choconstriction induced by methacholine and histamine
[3, 4], it is likely that it has no direct effect on airway
smooth muscle, and that the effect of frusemide is to
inhibit the release of mediators induced by indirect chal-
lenges [5].

Lung mucociliary clearance is one of the host defence
mechanisms of the airways [6] and, together with the
cough response [7], helps to keep the airways free of
inhaled deposited insoluble material, as well as locally
produced biological debris.  Lung mucociliary clearance
may be affected by a number of physiological, pharma-
cological, environmental and pathological factors [8].  In
patients with mild stable asthma and those who are in
clinical remission, lung mucociliary clearance is depres-
sed, and the mechanisms by which this occurs are unclear
[9, 10].

Loop diuretics, such as frusemide, inhibit the Na+/K+/
2Cl- co-transporter in canine airway epithelium [11],
and also reduce intracellular Cl- activity through a co-
transport system in cultured human airway epithelium
[12].  In addition, frusemide may increase the release of

prostaglandins from the airway mucosa [13].  These fac-
tors may perturb the ionic milieu of the epithelial lining
fluid, which could affect periciliary activity, which in
turn could affect the mucociliary clearance mechanism.
In addition, such changes could inhibit the releasability
of mediators from inflammatory cells, which could under-
line the protective effect of frusemide against indirect
challenges.  We therefore investigated the effect of a sin-
gle inhalation of nebulized frusemide, at a dose known
to inhibit bronchoconstrictor responses on lung tracheo-
bronchial transport efficiency, in normal subjects and in
patients with stable asthma.

Material and methods

Subjects and patients

Seven stable asthmatics (one smoker) and four healthy
subjects (two smokers) volunteered for the study (table
1).  The asthmatic patients refrained from taking any
bronchodilators for at least 8 h prior to their visit.  The
three smokers did not smoke for one hour prior to the in-
halation of the radioaerosol, nor in the ensuing 6 h.  In-
formed written consent was obtained from each volunteer



subject prior to the study, which was approved by the
Royal Free Hospital's Ethics Subcommittee.

Study design

Each volunteer subject was studied on two occasions,
separated by at least one week.  On each occasion, sub-
jects inhaled either a single dose of frusemide or vehi-
cle placebo 30 min after inhalation of the radioaerosol
in a double-blind, cross-over and randomized order.
Forced expiratory volume in one second (FEV1) and flow
rates at 50% of vital capacity (Vmax50) were measured
using a dry bellows spirometer (Vitalograph) and an
Ohio 840 spirometer, respectively, 15 min prior to inhala-
tion of the radioaerosol.  The highest value from three
technically acceptable measurements was recorded for
each pulmonary function index.

Mucociliary clearance

Lung mucociliary clearance was measured using an
objective, noninvasive radioaerosol technique [14].  Poly-
styrene particles (5 µm in diameter) firmly labelled with
the radionuclide 99mTc were inhaled (via the mouth) in
discrete breaths by the volunteer subjects, whilst seat-
ed, wearing a noseclip and under strictly controlled con-
ditions.

Initial radioaerosol lung deposition and subsequent
clearance was monitored with two suitably collimated
scintillation counters, axially opposed anteroposteriorly
over the mid-sternum [15].  A count was made imme-
diately following inhalation of the radioaerosol to ascer-
tain the initial lung deposition.  Thereafter, counts were
made at regular, half-hourly intervals for 6 h, and a final
count was made at 24 h, to estimate the proportion of
radioaerosol which was deposited in the nonciliated air-
ways (alveolar deposition (AD)) and, therefore, unavail-
able for mucus clearance [16].  All counts were expressed
as a percentage of the initial count, and alveolar deposi-
tion was subtracted from all readings to give a tracheo-
bronchial retention curve.  During the 6 h observation
period, all coughs were recorded, and any sputum col-
lected was weighed and its radioactive content (in terms
of initial tracheobronchial deposition) was assessed.

The initial topographical distribution of the radioaero-
sol within the lungs was ascertained using a large field-
of-view gamma camera (Ohio 110) linked to a computer
(Nuclear Diagnostic).  A ventilation scan using 81mKr gas
was performed in order to delineate the edges of the
lungs and, thus, estimate radioaerosol penetration to the
periphery (penetration index (PI)) [17].

Drug administration

Frusemide solution was prepared as 4 ml of frusemide
(injectable solution of 10 mg·ml-1;  Hoechst UK Ltd)
mixed with 6 ml of 0.9% NaCl.  The placebo solution
consisted of 10 ml of 0.9% NaCl.  Both the frusemide
and placebo solutions were administered as aerosols using
a disposable System 22 (Medic-Aid) nebulizer.

Data analysis

The data were not normally distributed and statistical
analysis was assessed using the nonparametric paired and
unpaired Wilcoxon tests [18].  Results are expressed as
mean±SEM.

Results

There were no statistically significant differences between
the two runs for FEV1 and Vmax50 within each group.
Alveolar deposition for the placebo and frusemide were
44±4 vs 45±3%, respectively, for the asthmatic group;
and 66±7 vs 57±9% respectively, for the healthy group.
Initial radioaerosol distribution (PI) was 0.69±0.05 vs
0.60±0.06 for the placebo and frusemide runs, respec-
tively, in the asthmatics; and 0.80±0.05 vs 0.74±0.04,
respectively, in the healthy group.  There were no sig-
nificant differences between the two runs for AD and PI
within each group.

During the 6 h observation period, two of the healthy
subjects had dry unproductive coughs: 13 (placebo) vs
12 (frusemide) in one subject, and 5 (placebo) vs 10
(frusemide) in the other.  Two of the asthmatics did not
cough on either run.  The number of coughs for the
remaining five asthmatics were similar: 4±1 (placebo) vs
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Table 1.  –  Physical characteristics, tobacco consumption and pulmonary function indices for the
asthmatic and healthy subject groups

Group n Sex Age Smoking FEV1 Vmax50 Medication
M:F yrs habit % pred % pred

Asthmatic 7 6:1 32±4 4 NS 100±9 73±10 5 B+St
patients 2 ES 1 B

1 S 1 Nil

Healthy 4 3:1 23±1 2 NS 113±2 105±9 -
subjects 2 S

Data are presented as mean±SEM.  NS:  nonsmoker;  ES:  ex-smoker;  S:  current smoker;  M:  male;  F:
female;  FEV1:  forced expiratory volume in one second;  Vmax50:  maximum airflow at 50% vital capacity;
B:  inhaled salbutamol p.r.n.;  St:  regular inhaled steroid.
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4±2 (frusemide) (p>0.10).  One asthmatic produced 1.3
g of sputum containing 1.2% of initial tracheobronchial
deposition in the frusemide run, and this patient and one
other produced 1.3 g (2.8%) and 1.9 g (24.0%) of spu-
tum, respectively, on the placebo run.

Figure 1 shows the mean tracheobronchial retention
curves for the placebo and frusemide runs separately a)
for the asthmatics;  and b)  for the healthy subjects.  The
areas under the tracheobronchial retention curves between
0–6 h (AUC0–6) for the asthmatics were 234±37 (place-
bo) vs 227±35 (frusemide) %·h-1 (p>0.10) and for the
healthy subjects 123±10 (placebo) vs 134±16 (frusemide)
%·h-1 (p>0.10).  The AUC0–6 for the placebo run was sta-
tistically higher (p<0.05) for the asthmatic group com-
pared to the healthy group, indicating a retardation in
their tracheobronchial clearance.

Discussion

We have shown that inhaled frusemide, at a dose that
is known to inhibit bronchoconstrictor responses in asth-
matic airways, does not modulate mucociliary clearance
in either normal subjects or asthmatic patients.  The sim-
ilarity in the initial deposition pattern between the two
runs in both groups ensured that the direct comparisons
of the tracheobronchial retention curves were valid.  The
number of productive and unproductive coughs were both
small, and similar between the placebo and frusemide
test days.  Therefore, the measured tracheobronchial clear-
ance was predominantly a reflection of mucociliary clear-
ance [7].

Lung mucociliary clearance is influenced by several
factors, including the integrity of the ciliated epithelium
and the thickness and physical properties of the pericil-
iary or mucous layer [6].  Frusemide inhibits the inward
movement of chloride via an electrically neutral Na+/K+/Cl-

co-transporter in the basolateral membrane of canine
epithelial cells [11], and reduce intracellular Cl- acti-
vity in human airway epithelial cells [12].  Such changes
may lead to an increase in osmotic or ionic composition
of epithelial lining fluid, which may in turn inhibit release
of mediators from stimulated lumenal cells, such as mast
cells.  This may underline the mechanism by which
frusemide inhibits the bronchoconstrictor effect of indi-
rect challenges [5].  In addition, this change in the com-
position of the sol layer of the airway surface liquid may
potentially lead to a reduction in mucociliary clearance.
However, frusemide may also induce the release of pros-
taglandins, such as prostaglandin E2 (PGE2) [13], which
is known to be a potent secretagogue [19], and cilio-
stimulator [20].  Our study suggests that the interactions
between these potential effects of frusemide does not
lead to changes in mucociliary clearance.

In our study, we have also demonstrated reduced lung
mucociliary clearance in mild asthmatics compared to
normal subjects, as reported previously [9, 10].  The
reduction in asthmatics is an underestimate of the time
effect, because the radioaerosol was deposited on aver-
age more proximally within the lungs of asthmatics
compared to normal volunteers.  Thus, there was a short-
er transit ciliated path for asthmatics compared to nor-
mals [21].  The mechanisms underlying this reduction
in mucociliary clearance are unclear, but inflammatory
mediators involved in asthma, such as slow-reacting
substance of anaphylaxis (SRS-A), decrease clearance
[22].  Frusemide has been shown to have the capacity
to prevent the release of inflammatory mediators, such
as leukotrienes, from passively-sensitized human lung
in vitro [23].  However, we found no evidence that
frusemide was active in reversing the reduced clearance
observed in asthmatic patients, even at a dose that is
known to inhibit allergen-induced acute response in asth-
matics [1, 24].  Studies of the protective effect of fruse-
mide against airway challenges have been performed
within 30 min of challenge, but in a study of its inhibi-
tory effect against cough challenges, we found an effect
lasting for up to 3 h [25].  In our present study, there
was no effect on mucociliary clearance seen between
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Fig. 1.  –  Tracheobronchial retention curves over 6 h for the place-
bo and frusemide runs for:  a)  seven asthmatics;  and b)  four healthy
subjects.  Data are presented as mean±SEM.     :  placebo;      :
frusemide.
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30–60 min post-frusemide inhalation and during the ensu-
ing 5 h observation period.  In summary, a dose of inhaled
frusemide, which is known to afford protective effect
against airway challenges, has no effect on lung mucocil-
iary clearance in patients with  asthma.  Whether it can
modulate changes in lung mucociliary clearance induced
by bronchoconstrictor challenge remains to be seen.
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