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Abstract

Objective Lung clearance rates of inhaled **™Tc-DTPA
aerosols constitute a sensitive index to evaluate the per-
meability changes characteristic of airway epithelial dam-
age. It was thought that edema of the airway wall which is
reported in asthma could be relieved with a diuretic like
furosemide, helping to relieve the symptoms. We intended
to study the effect of inhaled furosemide on lung epithelial
permeability in asthmatics and smokers with the help of
9mTe-DTPA lung clearance test (LCT).

Methods The study included three groups (n = 15), viz.
normal healthy controls, asymptomatic chronic smokers,
and chronic persistent asthmatics. Each subject underwent
the LCT twice, baseline and post-furosemide (Lasix) study,
within a week’s interval. The post-furosemide study was
carried out 15 min after inhalation of 10 mg of lasix. Lung
epithelial permeability was determined in terms of clear-
ance half-life (T,).

Results The baseline mean T),, values for controls,
smokers, and asthmatics were 50.95 + 16.58,20.81 & 5.47,
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24.06 £ 6.19 min, respectively. Post-lasix T;,, values were
50.83 £ 15.84, 20.70 £ 5.65, 41.27 £ 15.07 min, respec-
tively. There was a significant difference (P < 0.001) in
baseline and post-lasix clearance values in asthmatics only.
Conclusion Baseline lung epithelial permeability was
altered in smokers and asthmatics compared to the controls.
Furosemide was effective only in asthmatics in reverting
the permeability almost back to the normal range. Inhaled
furosemide was effective even in moderate and severe
asthmatics. Furosemide has multiple mechanisms of action.
It possibly acts at bronchial level in view of the pathology
in asthmatics lying in the airways.

Keywords Lung epithelial permeability - DTPA -
Lung clearance - Asthma - Furosemide

Introduction

Asthma affects approximately 5% of the population, causes
major morbidity with days lost from work or school, and
leads to heavy use of health care resources [1]. It is the
predominant chronic disease in industrialized nations, and
there is every indication that its prevalence is increasing
throughout the world. Efficacy of the currently available
drugs is limited by adverse reactions and frequent dosing
with short intervals, which often impedes patient compli-
ance. There is a need for newer and cheaper modalities of
treatment.

It is not new in medicine for existing drugs to reveal
unexpected properties that make them suitable for newer
applications. Furosemide is one of them. In the past there
has been an increasing interest in the possibility that
furosemide, which has been in clinical use for more than
two decades as a diuretic, may be useful in the treatment of
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asthma. Furosemide acts as a diuretic by reducing salt re-
absorption in the thick ascending limb of loop of Henle via
inhibition of Na® K*—ATPase responsible for Na*/K*/
2C1™ cotransport across the tubular epithelium [2]. It is
well recognized that a change in osmolarity of the peri-
ciliary fluid in airways is a potent stimulus to airway nar-
rowing, and may be a common cause for provoking an
attack of asthma. It is thought that a change in osmolarity
of the airways causes the release of inflammatory media-
tors, which then act to narrow the airways [3]. Furosemide,
known to interfere with Na™/K*/2Cl~ cotransport, may
prove helpful to prevent or antagonise the osmolarity
changes in airways, and may thus be useful in asthmatics.

The interest in solute exchange across the pulmonary
epithelium has grown rapidly over the years. It has become
increasingly evident that many pulmonary disorders must
involve inopportune movement of liquids, electrolytes, and
cellular elements from one to another lung compartment.
Alterations in the permeability of the membranes separat-
ing these compartments may be present in a variety of both
acute and chronic diseases of the lung [4]. A simple,
effective and reliable method to quantitate the permeability
of this epithelial membrane and its integrity would be very
useful in studying the pathogenesis of lung disorders.

One of the favorite solutes to be studied is Di-ethylene
tri-amine penta-acetic acid (DTPA). PmTe_DTPA lung
clearance test (LCT) is considered to be a very good tool
to study lung epithelial permeability. Lung clearance rates
of inhaled **™Tc-DTPA aerosols constitute a sensitive
index to evaluate the permeability changes characteristic
of the airway epithelium [4-6]. Lung epithelial perme-
ability is a reflection of epithelial damage. The epithelial
permeability is one of the first things to change in
inflammation, infection, or injury. °°™Tc-DTPA lung
clearance test is one of the early indicators that can
determine this change non-invasively, sensitively and
non-fastidiously even before the development of clinical
signs and symptoms.

Lung epithelial permeability is changed in different
respiratory conditions [7-13]. It is now well accepted that
there is an inflammatory process present in the airways
of patients with asthma [14]. This underlying ongoing
inflammation is known to be the pathological basis of
different manifestations of asthma. Epithelial damage is
one of the histological changes in asthma [15]. So, taking
into consideration these underlying pathophysiological
changes, one can expect to find an increased lung epithelial
permeability in asthmatics.

Hence, combining these two aspects, viz. usefulness of
furosemide in asthma and *™Tc-DTPA Lung Clearance
Test, an index of epithelial permeability of lung, we
planned (1) to study lung epithelial permeability in normal
healthy controls, smokers, and asthmatics with the help of
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LCT; and (2) to study the effect of furosemide on lung
epithelial permeability in these 3 groups.

Materials and methods
Study subjects

The study included 3 groups, viz. controls, smokers, and
asthmatics. Each group had 15 subjects. The study was
approved by the ethics committee of our institute, and
informed consent was obtained from the subjects.

Group 1 included 15 non-smoking healthy volunteers
(11 males and 4 females) between the ages of 18 and
54 years (mean age 29.60 £ 9.66 years).

Group 2 was made up of 15 asymptomatic chronic
smokers without evidence of pulmonary diseases, between
the ages of 24 and 58 years (mean age 43.07 £+ 10.95
years). All the 15 smokers were males. They were smoking
at least 5 cigarettes a day for at least 5 years. A unit of
‘pack-years’ was used to determine their smoking history
[16]. While calculating this, a pack of 20 cigarettes was
taken into consideration.

Group 3 consisted of 15 cases (7 males and 8 females)
diagnosed with chronic persistent asthma between the ages
of 8 and 70 years (mean age 47.93 & 20.33 years). They
were clinically categorized as mild, moderate, or severe
persistent asthmatic as per established criteria [1]. They
were taking f, agonists and steroids. All asthmatics were
non-smokers so as to avoid the confounding effect of
smoking on airway permeability. They had been free of
respiratory tract infections for at least 2 weeks and had no
medication for at least 12 h before the test. All asthmatics
were clinically stable at the time of the study. The con-
secutive patients who met the above criteria were included
in the study.

Study design

Lung epithelial permeability was studied with the help of
%mTechnetium-DTPA lung clearance test. All subjects
underwent LCT twice, first a baseline study and second, a
post-furosemide (Lasix, Sanofi-Aventis Pharma, France)
study. Post-lasix study, which followed within 1 week after
the baseline study, was done 15 min after inhalation of
10 mg of lasix. Lasix was nebulized with the help of an
aerosol generator, the same used for **™Tc-DTPA aerosol
nebulization as described below.

All subjects underwent pulmonary function tests (PFTs)
on the day of the baseline study. The parameters taken into
consideration were peak expiratory flow rate (PEFR),
forced expiratory volume in one-second (FEV,), and
maximum mid expiratory flow rate (MMEFR).
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Methods
99mT. DTPA lung clearance test [4, 5, 17]

A quantity of 15-20 mCi of **™Technetium-DTPA was
nebulized using a dry aerosol generator manufactured by
B.A.R.C. (Bhabha Atomic Research Center, Mumbai,
India). It consists of a big metal box (aerosol chamber)
with attached small box type instrument consisting of
detachable glass tubing containing desired solution to
produce aerosols with the help of inflow pipe of oxygen
to produce air pressure and an outflow pipe for delivery
of aerosols to face mask for inhalation. Face mask has
additional outflow pipe attached further to a big plastic
bag to collect exhaled air. The basis of the method to
determine lung epithelial permeability is to deliver the
tracer **™Tc-DTPA (mol. wt. 492 daltons) into the lungs
as an aerosol, and then measure the disappearance rate
from the lungs with the help of a gamma camera. The
activity median aerodynamic diameter (AMAD) of the
generated aerosols was 0.84 um with an associated geo-
metric standard deviation of 2.08. The aerosol generator
consisted of an aerosol chamber that allowed settling of
bigger droplets.

All subjects inhaled the **™Tc-DTPA aerosol at normal
tidal volume through a mask lying in the supine position on
a gamma camera table for 5 min. The camera was started
along with inhalation of aerosols. Posterior views of the
lungs were obtained with the help of the gamma camera
(ADAC Genesys, California, USA) fitted with a low-
energy, all purpose, parallel hole collimator and interfaced
to a computer. Inhalation of aerosols was continued for the
first S min to get adequate counts. Counts were acquired
continuously into 128 x 128 x 16 matrix for a minimum
period of 20 min at the rate of 30 s per frame. At the end of
the fifth minute inhalation of aerosols was stopped and the
subject continued to lie down in supine position until the
end of the study. The subject was instructed not to move
throughout the study.

The data were processed with the help of ADAC
Pegasys computer interfaced to the gamma camera. The
region of interest (ROI) was drawn over each lung,
excluding hilar areas. Hot spots, if any, were not inclu-
ded in the ROI. There was good peripheral deposition of
the aerosol radioactivity as seen by the well-outlined
lung images, though separate penetration indices were
not calculated. Time activity curves (Fig. 1) were
derived from the counts per frame computed in an ROI
drawn over each lung field. Time-activity curves were
plotted with time (in seconds) on X-axis and counts on
the Y-axis. Counts at peak and 7 min after the peak were
taken for calculation. The reason behind the restriction to
7 min after reaching the peak was to minimize the
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Fig. 1 Time-activity curves generated from dynamic data. Example
of prototype baseline (on left side) and post-lasix (on right side)
curves are shown for normal healthy control, smoker, and asthmatic.
No change is seen in baseline and post-lasix curves for control and
smoker, but in asthmatic there is a change in the curve pattern and in
mean T),. Post-lasix lung clearance mean T, has increased
significantly only in asthmatic

influence of background radioactivity [18]. A least-square
fit was carried out for regression analysis. Decay cor-
rection was applied to the curves. The T, value (time
required for clearance of 50% of the activity from lung
fields) was calculated with the help of the established
formula [19]:

N2 = Nleii(hill)

where N; = counts at peak, N, = counts at 7 min after
peak, f; = time at N; and t, = time at N,

Ty = 0.693/{1/[(t2 — 1) x log, (N1 /N2)]}.

The mean value (&2 SD) of the clearance half-life (7,,) of
the right and left lung fields was used for data analysis.
Lung epithelial permeability of *™Tc-DTPA aerosols was
determined from half-life (7,,). The T;,, was calculated in
minutes. Decreased T, denotes faster clearance, i.e.,
increased permeability, which indicates damage to the
epithelial membrane.
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Statistical analysis

Paired ¢ test was used for comparison of baseline and post-
lasix clearance half-life values in each group. Unpaired ¢
test was used to compare T, values between the groups.
Method of Karl-Pearson coefficient of correlation (r) was
used to correlate T, with parameters such as pack-years,
severity of asthma, and PFT parameters. P < 0.05 was
considered statistically significant.

Results
Controls

The baseline mean T, for normal healthy subjects was
50.95 £+ 16.58 min. The post-lasix mean T;,, just frac-
tionally dropped down to 50.83 =+ 15.84 min. Thus, there
was no statistically significant difference between baseline
and post-lasix lung clearance (P > 0.1, not significant)
indicating no effect of furosemide on lung epithelial per-
meability in normal healthy controls (Figs. 1, 2, 3). There
was no correlation between age and lung clearance (7))
indicating that age was not an influencing factor for lung
epithelial permeability (P > 0.1). Also, lung epithelial
permeability was not influenced by the sex of the subject.
All the three parameters of PFT for all controls were above
the minimum normal predicted levels.

Smokers

The baseline mean T, value was 20.81 £ 5.47 min. This
was significantly less than the baseline mean 7', value for the
controls (P < 0.001) indicating the lung epithelial damage in
smokers. The post-lasix mean T, just fractionally dropped
down to 20.70 £ 5.65 min. Thus, there was no statistically
significant difference between baseline and post-lasix lung
clearance (P > 0.1) indicating no effect of furosemide on
lung epithelial permeability in smokers (Figs. 1, 2, 3).
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Fig. 2 Comparison of 9mT¢e DTPA lung clearance (7',;) in controls,
smokers, and asthmatics. No change between baseline and post-lasix
mean T, values for controls and smokers but statistically significant
change in case of asthmatics (P < 0.001)
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Fig. 3 Baseline and post-lasix distribution of lung clearance 7/,
values is shown for controls, smokers, and asthmatics. No change
between baseline and post-lasix values in controls and smokers but
significant change in asthmatics

When *™Tc-DTPA lung clearance (T,,) was correlated
with pack-years in smokers, a statistically significant neg-
ative correlation was found indicating decrease in Ty,
value with increasing number of pack-years (P < 0.05).
This meant that as the number of cigarettes and the dura-
tion of smoking increased, the lung permeability also
increased indicating more damage. In PFTs, the two
parameters PEFR and FEV; were above the minimum
normal predicted levels. In 10 of 15 smokers, the MMEFR
was just marginally lower than minimum normal predicted
levels indicating very mild small airway obstruction. There
was no statistically significant correlation between lung
clearance T, values and MMEFR (P > 0.1).

Asthmatics

The baseline mean T, for asthmatics was 24.06 £
6.19 min (Table 1). This was significantly less than the
corresponding value for the controls indicating the lung
epithelial damage occurring in chronic persistent asthma
(P <0.001). The post-lasix mean T, was 41.27 £+
15.07 min (Table 1). This was significantly different than
the baseline value (P < 0.001). This statistically significant
difference in the lung clearance after furosemide inhalation
indicates the effectiveness of furosemide on lung epithelial
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Table 1 Baseline and post-lasix 9mTc-DTPA lung clearance (7)) and pulmonary function tests in asthmatics
Subject no. Age Sex  Duration of Severity PEFR FEV, LIT MMEFR LIT/MIN T, (MIN)
(years) asthma (years) LIT/MIN (% PRED.) (% PRED.) - - -
Baseline  Post-lasix  Diff. (%)
1 55 F 23 Mild 250 2.20 (75) 1.36 (58) 30.63 47.01 053.48
2 51 F 25 Mod. 220 1.43 (61) 1.61 (60) 22.99 46.24 101.13
3 45 F 08 Sev. 180 0.82 (50) 0.46 (45) 22.35 68.57 206.80
4 08 F 05 Mod. 190 1.10 (61) 0.81 (51) 13.49 28.25 109.41
5 70 M 13 Mod. 260 1.15 (62) 1.60 (51) 24.37 30.34 024.50
6 67 M 10 Mild 200 1.80 (69) 1.42 (64) 32.04 55.59 073.50
7 53 F 08 Mild 250 1.90 (72) 1.39 (63) 32.59 43.98 034.95
8 56 F 20 Sev. 150 1.01 (42) 0.90 (35) 18.18 25.73 041.53
9 54 F 09 Mod. 230 1.60 (64) 1.31 (57) 22.85 26.89 017.68
10 62 M 07 Sev. 170 1.12 (54) 0.96 (51) 19.74 20.47 003.70
11 61 M 11 Sev. 180 1.71 (46) 1.61 (43) 23.68 46.81 097.68
12 37 M 07 Mod. 250 1.44 (59) 1.72 (56) 24.25 51.90 114.02
13 16 M 06 Mod. 230 1.70 (60) 1.20 (54) 14.03 21.43 052.74
14 14 F 06 Mild 290 1.21 (66) 1.15 (62) 26.97 62.51 131.78
15 70 M 30 Mild 330 1.90 (71) 1.40 (60) 32.81 43.39 032.25
Mean 24.06 41.27 P < 0.001
SD 06.19 15.07
SE 01.60 03.89

PEFR peak expiratory flow rate, FEV; forced expiratory volume in one-second, MMEFR maximum mid expiratory flow rate, % PRED. % of the

predicted normal value, Mod. moderate, Sev. severe

permeability in asthmatics (Figs. 1, 2, 3). There was no
statistically significant difference between the baseline
mean T, for the normal healthy controls and the post-lasix
mean T, for the asthmatics (P > 0.1) indicating perme-
ability approaching the normal range after furosemide
inhalation.

The pulmonary function tests in these asthmatic subjects
were deranged depending on their severity of asthma.
There was a statistically significant negative correlation
between lung clearance 7'/, values and severity of asthma
indicating increase in lung epithelial permeability with
increasing severity of asthma (Fig. 4a) (P < 0.05). Also,
there was a statistically significant positive correlation
between lung clearance T, values and the three PFT
parameters, viz. PEFR, FEV,, MMEFR (Fig. 4b, c, d,
respectively) (P < 0.05) indicating decrease in T, values
with decrease in PFT values; in other words, increased
permeability with increased severity of asthma.

No adverse effect of inhaled lasix was seen in the form
of diuresis or anything else in any of the groups.

Discussion
Interest in furosemide having effects on the airways has

been sparked by the observation that inhaled furosemide
can inhibit a variety of bronchoconstrictor challenges in

asthma. It was thought that edema of the airway wall which
is reported in asthma could be relieved with a diuretic like
furosemide, helping to relieve the symptoms.

A quantity of 10 mg of lasix was taken instead of 5 mg
in the study of Inoue et al. [20], to compensate for the loss
in dead space of the BARC aerosol generator. Also, the
asthmatic patients selected by Inoue et al. had normal PFT
parameters, whereas the asthmatic patients in the present
study had deranged PFTs. This group included mild,
moderate, and severe chronic persistent asthmatics. Inoue
et al. [20] showed the effectiveness of inhaled lasix in mild
asthmatics. The present study has shown such additional
benefit even in moderate and severe chronic persistent
asthmatics.

There was hardly any difference between baseline and
post lasix Ty, values for controls (Fig. 3). Thus, furose-
mide given by inhalation does not have any effect on
normal, healthy, intact lung epithelium. No diuresis was
observed in any of the subjects. Neither age nor sex of the
subject influenced the lung epithelial permeability. Thus, in
normal, healthy persons the epithelium would still be intact
with advancing age, irrespective of sex.

The baseline lung clearance half-life in smokers was
significantly lower than that of controls (Fig. 2). This sig-
nificantly increased lung epithelial permeability in smokers
which indicates damage to the lung epithelium. Damage
does occur to the epithelium in smokers that may not be
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Fig. 4 Correlation between 9mTc-DTPA lung clearance (7y,,) and
severity of asthma, PEFR, FEV1, MMEFR in asthmatics

clinically perceptible, or even PFTs may not shed more
light on it in early stages.

The different histological changes seen in smokers
include basal cell hyperplasia, loss of cilia in some areas,
occurrence of cells with atypical nuclei, and loss of alveolar
attachments [21, 22]. Using an electron microscope Simani
et al. [23] have shown the damage occurring in the alveolar
and bronchial epithelium of animals exposed to cigarette
smoke. The effect of cigarette smoke on the alveolar
epithelium may be due to the chronic effects of carbon
monoxide (CO) exposure [24]. Other possible mechanisms
include the action of nicotine, catecholamines, NO, NO,,
and other constituents of cigarette smoke. The damage also
occurs due to the inflammatory mediators released by
effector or structural cells exposed to the cigarette smoke
[25]. Alveolar macrophages may also play a part in it.

The possibility of cigarette smoke causing damage to the
alveolar-capillary barrier is of considerable importance in
understanding the pathogenesis of disorders related to
cigarette smoking. **™Tc-DTPA lung clearance test pro-
vides us with a sensitive, simple, and non-invasive proce-
dure to study the integrity of the pulmonary epithelium and
alveolar-capillary barrier. This picks up the earliest chan-
ges that would not be shown by other tests, like PFT, so
easily. Stopping smoking might allow the epithelium to
repair so that the disrupted barrier would have a chance to
recover.
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Furosemide inhalation in smokers did not affect the lung
epithelial permeability as post-lasix mean T, did not
change significantly. Thus, even though in smokers the
lung epithelial permeability is increased compared to
controls, the furosemide inhalation does not have any effect
on it.

The baseline lung epithelial permeability was signifi-
cantly increased in asthmatics compared to controls. The
subjects in this study group were chronic persistent asth-
matics. They were having frequent attacks of asthma for
which they needed regular therapy. Asthma is considered
to be an inflammatory, desquamative condition [14].
Keeping this and other histologic changes seen in asthma
[15] in mind, the lung epithelium in chronic persistent
asthmatics is not expected to be normal and intact. And that
is why there is faster clearance of solutes across the lung
epithelium indicating the damage to the epithelium.

Lemarchand et al. [26] have observed similarly
increased DTPA bronchial clearance in asthmatics during
acute attacks of asthma. They further observed that clear-
ance values decreased within 4 weeks after treatment of
acute attacks, but remained increased compared to the
values in a control group. Thus, the permeability remains
increased for sometime even after treatment of acute
attacks. Hence, chronic persistent asthmatics would also
show increased permeability, as seen in our study, as they
have repeated attacks of asthma. This increased airway
permeability in asthmatics may lead to increased hyperre-
sponsiveness because of increased access of the allergens
and may further aggravate the problem [15].

In our study, a statistically significant negative correla-
tion was found between lung clearance 7, values and
severity of asthma (Fig. 4a). That means as the severity of
asthma increased, the T;, value decreased. Or in other
words, in terms of permeability we can say that as the
severity of asthma increased, the lung epithelial perme-
ability increased indicating more epithelial damage.

Also, a statistically significant positive correlation was
found between lung clearance T}, values and the three PFT
parameters, viz. PEFR, FEV|, MMEFR when they were
correlated individually (Fig. 4b, ¢, d, respectively) in
asthmatics. This suggests that in chronic persistent asth-
matics lung epithelial permeability as well as PFTs are
affected. PFTs and LCT indicate two different pathologies,
viz. bronchoconstriction and epithelial damage, respec-
tively. Presence of a statistically significant positive cor-
relation between these two suggests simultaneous existence
of the above two pathologies in asthma in proportion to the
severity of damage.

The clearance rate of “*"Tc-DTPA includes three
components: alveolar permeability, bronchial mucosal
permeability, and mucociliary transport [20]. We have
taken care to exclude the third component of mucociliary
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transport by excluding the hilar regions while drawing
regions of interest. With the submicronic particle size of
aerosols, like what we have used, the particles (99mTc-
DTPA) are supposed to reach the alveoli. But in view of
the presence of small airway obstruction in asthma (more
so in moderate and severe asthmatics), less particles of
99mTc-DTPA are likely to reach alveoli and are more likely
to be deposited in smaller airways, and the information we
obtain is mainly about the airway permeability, i.e.,
mucosal permeability, which one should be interested in
while studying asthmatics because it is the airways where
the pathology lies in asthma and not the alveoli [1, 14, 15].
Thus, the technique is suitable to study chronic persistent
asthmatics with small airway obstruction as we can get the
information about mucosal permeability and not just the
alveolar permeability. Our result showing increased per-
meability in chronic persistent asthmatics is more likely to
be due to the changes in bronchial mucosa.

However, some studies have shown the presence of
alveolar tissue inflammation in asthma, especially so in
nocturnal asthma [27]. It was seen that inflammation
extended well beyond the airway smooth muscle and was
significant even around the pulmonary arteries. If this is
substantiated then it can further corroborate the finding of
increased permeability in asthmatics, at least in mild
asthmatics wherein radiotracer particles can reach the
alveoli. In the absence of small airway obstruction we
would expect the particles to reach alveoli and the infor-
mation derived would be mainly about alveoli. So, in
smokers the decreased clearance T, values indicate the
presence of pathology mainly in alveoli. The available
literature supports this contention [16, 23-25].

After inhalation of lasix (furosemide), the mean clear-
ance Tj,, value increased considerably toward the normal
range in asthmatics. This proves the effectiveness of
furosemide on lung epithelial permeability in chronic
persistent asthmatics which otherwise is increased. This
predicts the usefulness of furosemide in asthmatics. Thus,
using this novel concept of lung epithelial permeability we
have tried to show that furosemide can be useful in
asthmatics.

The affair with furosemide began in 1988 when Bianco
et al. [28] for the first time showed that inhaled furosemide
prevented exercise-induced bronchoconstriction in asth-
matic patients. The protective profile of furosemide shows
that it is inactive against bronchoconstrictors that act
directly on airway smooth muscle, such as histamine,
methacholine and PGF,,, but is active against broncho-
constrictor mechanisms that act through “indirect mecha-
nisms” [29, 30].

How does furosemide produce these effects? The drug
inhibits the inward movement of chloride via the electri-
cally neutral Na*/K*/2Cl™~ cotransporter in the basolateral

membrane of epithelial cells, and so reduces chloride and
sodium secretion into the airway lumen. This altogether
results in the reduction of hypersecretion of bronchial
mucosa in asthmatics [31]. Alteration of the osmotic or
ionic composition of epithelial lining fluid might inhibit
release of mediators from luminal mast cells after inhala-
tion of antigen or as a consequence of hyperosmolarity
induced by exercise and hyperventilation, or it might
reduce sensory nerve input from the lumen. Another pos-
sibility is that inhibition of Na*/K*/2Cl~ cotransporter
may affect the resting membrane potential making the
threshold voltage for depolarization more difficult to reach
[32].

Inhibition of Na*/K*/2Cl~ cotransport in vitro is seen
only when furosemide is added to the mucosal surface of
epithelial cells. So, it is perhaps surprising that nebulized
furosemide, delivered to the luminal surface of the airways,
is effective unless the increased permeability of the epi-
thelial barrier in asthma allows the drug access to the
basolateral membrane of the epithelial cell.

One possible action of furosemide in the airways may be
to stimulate the production of PGE,, particularly from the
airway epithelium which may be an important source of
PGE, [30]. Furosemide inhibits airway microvascular
leakage induced by sodium metabisulphite aerosol in
guinea pigs [30]. Rodwell et al. [33] felt that furosemide
may block the release of neurotransmitters from excitatory
non-adrenergic, non-cholinergic nervous system such as
substance P. Also, furosemide might stimulate the release
of bronchodilating mediators such as vasoactive intestinal
peptides (VIP) and nitric oxide (NO) from airway
epithelium.

The transepithelial clearance rate of °“™Tc-DTPA
follows the equation [6]:

C/C() — ef(PS/V)t

where C is the concentration at time f, C, is the initial
concentration of inhaled aerosol, P is the permeability of
the membrane, S is the surface area of the membrane and
V is the epithelial lining fluid volume. Inhaled furosemide
may decrease the permeability (P) or surface-to-volume
ratio (S/V) on which aerosol is deposited by inhibition of
ion and water transport.

Though the lung epithelial permeability was increased in
both smokers and asthmatics, it was only in asthmatics that
furosemide was effective. The inhaled furosemide seemed
to mainly affect the mucosal permeability in view of the
known pathophysiology of asthma. Furosemide may be
acting on Na¥ Cl~ cotransporter in the epithelial cells at
the mucosal level and not at the alveolar level. In smokers,
the initial damage is mainly at the alveolar level [16, 23,
24, 34]. Different pathophysiological backgrounds under-
lying the increase in the pulmonary clearance rate of
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9mTc-DTPA in smokers and asthmatics may explain the
different responses to the inhaled furosemide.

It was observed that in some asthmatics lung epithelial
permeability did not change to the extent to it did in others
after lasix administration. Possibly furosemide treatment
would not be that effective in these particular cases, and
they may not respond to furosemide inhalation therapy.
9mTc-DTPA lung clearance test gives us an easy way to
find out whether the patient would respond to furosemide
inhalation therapy or not. Accordingly, we can decide our
management strategy. This aspect needs to be studied
further to incorporate this utility into practice.

Thus, our data support the presence of a furosemide
sensitive mechanism in asthmatics. Furosemide inhalation
was effective not only in mild asthmatics but also in
moderate and severe asthmatics in restoring the deranged
epithelial permeability. This implies better prospects for
the use of furosemide in the treatment of asthma. A ben-
eficial effect of inhaled furosemide can be expected in
patients with bronchial hyperreactivity in the form of
reduced access of allergens and, thereby, prevention of
bronchoconstriction. This needs to be confirmed with more
studies.

Lung isotope studies have the potential to be thoroughly
explored and applied for the management of asthma and
development of new drugs. They reveal early changes, like
in smokers, and underlying subclinical alterations, like in
chronic persistent asthmatics, which otherwise would go
unnoticed until the patient presents with the problem. They
provide us with the evidence for the need of continued
treatment even in the absence of attacks of asthma. Also,
they may help us in deciding the treatment, choosing the
drug, and continuing the drug. Another possible use of this
methodology of radionuclide lung scan can be to evaluate
inhaled drug distribution in lungs. For e.g., drug solution
and *Tc-DTPA solution can be mixed and nebulized
together with this aerosol generator and the distribution of
drug can be studied under a gamma camera.

Conclusion

The results of our study showed that lung epithelial per-
meability was significantly increased in smokers and
asthmatics. But, furosemide was effective only in asth-
matics in reverting the permeability almost back to normal
range. This lends further support to the idea of the presence
of a furosemide sensitive mechanism in asthmatics. Inhaled
furosemide was effective even in moderate and severe
asthmatics. Furosemide seems to possess multiple mecha-
nisms of action. It possibly acts at a bronchial level in view
of the pathology in asthmatics lying in the airways. **™Tc-
DTPA lung clearance test can detect early and subclinical

@ Springer

changes which otherwise would go unnoticed until the
appearance of symptoms in various lung conditions.
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