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ABSTRACT: In patients with asthma or chronic obstructive pulmonary disease,
there is chronic airway inflammation with increased leakage of plasma proteins
into the airway lumen, which can be reduced by inhaled glucocorticosteroids.
Nedocromil sodium is an anti-inflammatory drug, and we questioned whether it
also affects the leakage of plasma proteins.

In a double-blind placebo-controlled study we investigated the effect of 12 weeks
of treatment with nedocromil on forced expiratory volume in one second (FEV1),
provocative concentration of histamine causing a 20% fall in FEV1 (PC20), peak
flow, symptom scores, and plasma protein leakage in sputum, in 31 patients with
obstructive airways disease and sputum production (mean (range) FEV1 61% of
predicted (42–87%); geometric mean (range) PC20 0.39 (0.04–2.9) mg·mL-1). As a
measure for plasma protein leakage we calculated the relative coefficients of ex-
cretion (RCE) of proteins from serum to the soluble phase of sputum.

There was a small increase in morning and evening peak flow (p<0.05) and a
decrease in night-time bronchodilator use (p<0.02) in favour of nedocromil. The
RCE of α2-macroglobulin to albumin significantly decreased after treatment with
nedocromil (p=0.03).

The results show limited clinical efficacy of nedocromil in our study group. They
further suggest that the anti-inflammatory properties of nedocromil extend to inhi-
bition of plasma protein leakage into the airways.
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In patients with bronchial asthma or chronic obstr-
uctive pulmonary disease (COPD), there is chronic in-
flammation of the airway mucosa [1]. Features of this
process are abnormal local secretion of proteins [2], and
an increased permeability of the airway microvascula-
ture and epithelium, resulting in extravasation of plas-
ma proteins into the bronchial lumen [1, 3]. In support
of this, high levels of plasma proteins were demon-
strated in sputum from patients with asthma or COPD
[4], which, in asthma, was correlated with bronchial
hyperreactivity [5]. Protein leakage into sputum was re-
duced after treatment with glucocorticosteroids [4, 6, 7].
The effects of glucocorticosteroids were confirmed by
our study in bronchoalveolar lavage fluid (BALF) [8]
and sputum [9].

Little is known about the effect of other classes of
anti-asthma drugs on plasma protein leakage. One study
confirmed that the raised albumin content in sputum
from patients with asthma returned to control values
after 2 days of treatment with cromolyn sodium [10].
Nedocromil sodium induced a decrease of inflamma-
tory cells and mediators in the BALF and reduced the
plasma protein leakage into lung epithelial lining fluid
[11–13]. No data are available on its possible effect on
plasma exudation in sputum.

As shown in a previous feasibility study, sputum ana-
lysis is a reliable method to obtain information on the
local inflammatory process in the airways in patients
with obstructive airways disease [5]. Here we report a
double-blind placebo-controlled study with nedocromil
sodium in obstructive airways disease. Regular assess-
ments were made of proteins in sputum and the extent
to which any changes correlated with changes in bron-
chial hyperresponsiveness and the number of eosinophils
in the blood.

Patients and methods

Patients 

The study protocol was approved by the Medical Ethics
Committee of our hospital, and written informed con-
sent was obtained from the patients. 

Patients were selected from the out-patient pulmono-
logy clinic according to the following inclusion crite-
ria: 1) a forced expiratory volume in one second (FEV1)
<80% of predicted, within the previous 6 months; 2)
airway responsiveness to histamine aerosol (provocative
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Table 1.  –  Baseline characteristics of patients

Visit 1                     Visit 2Ss 
FEV1 FEV1

No.     Sex      Age    Diagnosis        PC20 PBEos        pre          post          Atopy*     Smoking      Medication
yrs                       mg·mL-1 106·L-1 % pred      % pred

Nedocromil
1 M 63 COPD 1.28 370 52 58 - ex IB, IP
2 F 66 COPD 0.11 260 42 45 + + IB, IP, TH
3 M 60 COPD 0.85 270 49 47 - + IB, IP, TH
4 M 54 Asthma 0.65 180 51 60 + - AC
5 F 43 COPD 0.39 80 86 93 + - IB, TH
6 F 53 COPD 0.82 150 61 67 - + IP
7 M 56 COPD 0.40 130 57 66 - + IB, AC
8 M 53 Asthma 0.99 130 59 64 - + IB
9 M 43 Asthma 1.20 220 83 87 - + IB, OB

10 M 64 COPD 0.09 30 41 47 - + IB
11 F 48 COPD 2.06 170 48 55 - + IB, AC
12 F 65 COPD 0.06 100 66 72 - + IB
13 M 70 COPD 0.81 160 68 77 + + IB
14 F 28 Asthma 0.19 310 62 66 + - IB, IP, AC
15 F 67 Asthma 0.34 90 82 91 - + IB

Mean 55.5† 0.45‡ 151‡ 60.4 66.2
SEM 2.3 3.7 3.5

Placebo
16 M 53 COPD 2.92 80 80 82 - + IP
17 M 66 Asthma 0.27 330 46 49 + - IB
18 F 47 Asthma 0.04 650 63 93 - - IB, OB, IP
19 F 53 Asthma 0.29 130 58 66 + + IB, OB
20 M 34 Asthma 0.19 210 44 67 + - IB
21 M 59 Unclassifiable 1.08 220 77 77 + + IB, TH
22 M 41 Asthma 0.41 60 61 79 + + IB
23 M 41 Asthma 0.04 300 62 71 + + IB
24 M 43 Asthma 1.67 60 83 92 - + IB, OB
25 M 49 Asthma 0.23 510 58 67 - + IB, IP
26 M 58 Asthma 1.36 380 87 95 - - IB
27 F 49 Asthma 0.18 150 66 73 - - IB
28 M 34 Asthma 0.17 340 47 54 - + IB
29 F 52 COPD 0.14 190 48 54 + + IB
30 M 37 Asthma 0.25 1000 61 66 + - IB
31 M 42 Asthma 1.24 50 56 62 - + IB, IP

Mean 47.4 0.33‡ 209‡ 62.3 71.7
SEM 3.0 3.4 4.0

Ss: subjects; PC20: provocative concentration of histamine causing a 20% fall in forced expiratory volume in one second (FEV1);
PBEos: eosinophil count in peripheral blood; M: male; F: female; COPD: chronic obstructive pulmonary disease;  - : no; + : yes;
IB: inhaled β-agonist; OB: oral β-agonist; IP: ipratropium bromide; TH: theophylline; AC: acetylcysteine; pre: prebronchodila-
tor; post: postbronchodilator; ex: ex-smoker. *: positive radioallergosorbent test or skin-prick test to one or more inhalant aller-
gens. †: significantly different compared to placebo (unpaired t-test, p=0.04). ‡: geometric mean.

concentration of histamine causing a 20% fall in FEV1
(PC20) <16 mg·mL-1); 3) sputum production on a regu-
lar basis; 4) ability to use pressurized aerosol and peak
flow meter correctly; 5) ability to keep a daily diary
card; and 6) no other major illnesses. An additional in-
clusion criterion at the end of the baseline period was
a total score of ≥10 for at least one symptom during at
least 7 days of the baseline period as recorded on the
diary card. Exclusion criteria at entry were: 1) pregnancy,
risk of pregnancy or breast-feeding; 2) significant renal,
hepatic or cardiovascular disease; and 3) FEV1 <40%
pred normal. None of the patients had experienced an
airway infection or exacerbation within 3 weeks of start
of the study. Inhaled corticosteroids and cromolyn sodi-
um were stopped 6 weeks before the onset of the base-
line period. The permitted medication is shown in table
1.

The patients that participated in the study are describ-
ed in table 1. They had moderately severe obstructive
airways disease (mean (range) FEV1, 61% pred (41–87%)),
with a mean (range) bronchodilator response to terbu-
taline of 13% (0–53%) of baseline FEV1. They were
classified retrospectively as asthma or COPD patients
according to the American Thoracic Society (ATS) cri-
teria [14]. 

Study design 

The present study had a double-blind placebo-control-
led group comparative design. A 2 week baseline peri-
od was followed by a 12 week treatment period. At the
end of the baseline period, at Visit two, patients were
randomized to receive either nedocromil sodium (4 mg
q.i.d.), or matching placebo. Visits were made to the



clinic for lung function tests, sputum delivery, and a
review by the investigator at the beginning and the end
of the baseline (Visit one and two, respectively), and at
4, 8 and 12 weeks of treatment. At the end of the first
treatment week, the investigator visited the patients at
home for an extra review, and to obtain a sputum and
a blood sample.

At the beginning of the baseline period, and after 12
weeks of treatment, a histamine provocation test was
performed. The bronchial reactivity to histamine was
determined with a 2 min tidal breathing method [5, 15].
At the end of the baseline period and after 4, 8 and
12 weeks of treatment the bronchodilator response was
assessed by measuring FEV1 [5, 16] before and 20 min
after inhalation of four puffs of 250 µg of terbutaline
sulphate administered through a spacer device. For each
patient the lung function tests were performed at the
same time of day. Inhaled bronchodilators and the study
drug were stopped 8 h, and oral bronchodilators 24 h,
before the lung function test.

During the whole study period the patients recorded
on the diary card: night-time symptoms; wheeze breath-
lessness; cough; sputum; number of actuations of in-
haled bronchodilators during night-time and daytime;
the number of actuations of inhaled study drug; con-
comitant medication; and morning and evening peak
expiratory flow (PEF). PEF was measured with a mini-
Wright peak flow meter, at least 4 h after inhaling a
bronchodilator, and the best of three attempts was re-
corded on the diary card. Diary cards and the technique
of inhaling were checked at each visit. To check com-
pliance in taking nedocromil sodium or placebo the drug
canisters were weighed at each visit by an independent
laboratory assistant. At the end of baseline, and after 4,
8 and 12 weeks of treatment the investigator scored the
severity of the airways disease in the previous 2 weeks.

At each visit a 24 h sputum sample was collected,
and a blood sample was taken to obtain serum and ethy-
lenediamine tetraacetic acid (EDTA) plasma. EDTA
plasma was used for blood eosinophil counts. Serum was
stored at -80°C before protein analysis. 

Sputum collection and analysis

The patients collected sputum at home over a 24 h
period. Selection of proteins to be measured in the spu-
tum sol phase (SSP) was based primarily on the rela-
tive molecular mass (Mr) and their origin. Proteins such
as albumin (Alb), ceruloplasmin (CP) and α2-macro-glo-
bulin (α2-m) are thought to enter the airway lumen
mainly by diffusion from the blood. Lactoferrin and serum
immunoglobulin A (sIgA) are proteins that are produc-
ed locally and are supposed to be markers of airway
secretion. The proteins were measured as described ear-
lier [5, 17, 18]. To correct for their serum levels, the
proteins albumin, ceruloplasmin and α2-m in sputum
were expressed as the concentration ratio (Qprotein): (103

× concentration of specific protein in sputum)/(con-
centration of specific protein in serum). The relative
coefficient of excretion (RCE) of proteins from serum
to SSP was determined [19, 20] according to: 

RCE = Qα2-m/Qalb
and RCE = Qα2-m/Qcp

where Qα2-m, Qalb, and Qcp are the Qprotein values for
α2-m, alb and cp, respectively. With these RCE values
we corrected for the dilution effects. In addition, RCEs
may be considered sensitive parameters for variations
in the permeability of the respiratory membrane as dif-
fusion of a high molecular mass protein, such as α2-m,
across the respiratory membrane is compared with that
of smaller ones like albumin and ceruloplasmin [20],
thereby recording the loss of size selectivity of the res-
piratory membrane that occurs during inflammation. 

Statistical analysis

Mean diary card symptoms, inhaled bronchodilator
use, and evening and morning PEF were calculated for
the 2 weeks baseline, and for the treatment periods week
1–4, week 5–8 and week 9–12. For treatment failures,
the mean of the last 3 days before stopping test treat-
ment was calculated for all efficacy variables on the diary
cards, and carried forward for the remainder of the treat-
ment period. The PC20, blood eosinophil counts and
sputum protein data were logarithmically transformed
before statistical analysis. Baseline (prerandomization)
differences between the treatment groups were analysed
using the Student's t-test for group means or Mann-Whit-
ney U-test, as appropriate. Postrandomization, changes
from baseline in diary card variables were analysed with
the Mann-Whitney U-test. The p-values were corrected
for multiple comparisons using the Hommel procedure
[21]. Differences in lung function parameters, PC20,
blood eosinophil counts and sputum data were analysed
using repeated measurement analysis of variance with
treatment as a factor and (the mean of) the prerandom-
ization measurement(s) as covariate. Patients with one
or more missing values were retained in this analysis
by using maximum likelihood methods.

The effect of the diagnosis of asthma and COPD on
the influence of nedocromil sodium on lung function
parameters, PC20, blood eosinophil counts and sputum
data was analysed in a similar manner in a retrospec-
tive study, comparing the differences between nedocro-
mil sodium and placebo in asthma patients with those
in COPD patients (diagnosis×treatment interaction).

Spearman rank correlation coefficients (r) were cal-
culated for RCE and PC20 and for RCE and blood
eosinophil counts. A p-value of less than 0.05 was con-
sidered statistically significant.

Results 

Sixty four patients agreed to participate in the study;
23 dropped out before entering the baseline period. Of
the 41 patients that entered the baseline period, 10 did
not fulfil the inclusion criteria at the end of the base-
line period, because of a total symptom score of <10
(n=6), purulent sputum (n=2), noncompliance (n=1), or
an FEV1 <40% pred (n=1). Thirty one patients were
randomized to receive nedocromil sodium (n=15) or place-
bo (n=16) (tables 1 and 2). Twenty five patients com-
pleted the study; six were withdrawn (five treatment
failures (four placebo, one nedocromil) and one loss of
compliance). Sputum data from one patient in the place-
bo group were excluded because in three out of seven
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samples his sputum protein levels were below the detec-
tion limit.

Generally, compliance with test medication was good,
as checked from the diary card records and the canister
weights. No serious adverse events were reported in the
nedocromil or in the placebo group. Seven patients (four
nedocromil, three placebo) received antibiotics during the
treatment period (all in the period 4–12 weeks) because
of episodes of upper respiratory tract infection. The data
from these patients were included in the analysis. 

Effect of nedocromil sodium on clinical variables

There was no increase in FEV1 prebronchodilator
after treatment with nedocromil sodium (p=0.76; table
2). The FEV1 postbronchodilator increased by 0.12 L
after 12 weeks of nedocromil treatment and decreased
by 0.20 L after placebo treatment (p=0.06; table 2). The
morning PEF and evening PEF increased after 12 weeks
treatment with nedocromil by 25.7 and 20.8 L·min-1,
respectively, and decreased by 8.4 and 9.1 L·min-1, res-
pectively, after placebo treatment (p=0.04; table 2). For
the evening PEF there was also a difference in change
over time, in favour of nedocromil (p=0.013). The mean
night-time bronchodilator use decreased from 1.28 to
0.69 inhalations after treatment with nedocromil and
increased after treatment with placebo from 1.34 to 1.75
inhalations. This difference was statistically significant
after 12 weeks (p=0.015; fig. 1). There were no signif-
icant differences in change from baseline for the PC20,
blood eosinophil counts (table 2), in day-time broncho-
dilator use, symptom scores and severity of airways dis-
ease as scored by the investigator.

In addition, in a retrospective study, we analysed the
influence of clinical diagnosis on the effects of nedocro-
mil sodium. There was a tendency for the diagnosis to
influence the effect of nedocromil sodium on FEV1
postbronchodilator (p=0.063). There was no statistically
significant influence of the diagnosis on the effect of
treatment on morning or evening PEF, and no effect
on night-time bronchodilator use. 

Effect of nedocromil sodium on sputum proteins

There was no significant difference between the two
treatment groups in baseline 24 h sputum weight (mean±

SEM sputum weight: nedocromil 14.3±3.7 g, placebo 8.1±
1.7 g) and sputum sol fraction (percentage of total spu-
tum weight; table 2). The two groups did not differ with
respect to baseline Qalb, Qcp, or Qα2-m, and levels of
lactoferrin and sIgA in SSP. Sputum volume did not
change after treatment with nedocromil sodium or place-
bo. The sputum sol fraction showed an average decrease
of 8% in the nedocromil group after 4 weeks and a 9%
increase in the placebo group (table 2), but this differ-
ence was not statistically significant. When only the
patients without missing values were analysed, the dif-
ference became significant (p=0.045). No significant
effect of nedocromil was seen for the Qalb, Qcp and Qα2-m,
or for lactoferrin and sIgA.

There was no difference in baseline RCE Qα2-m/Qalb,
nor for the RCE Qα2-m/Qcp. After treatment with nedo-
cromil there was a significant decrease in the Qα2-m/
Qalb, (overall difference between treatments: p=0.03;
fig. 2), with the maximal decrease being 25% after 4
weeks. For the RCE Qα2-m/Qcp, a similar decrease was
seen after 4 weeks of treatment with nedocromil, but
this was not significantly different from placebo. The
correlations between the Qα2-m/Qcp and Qα2-m/Qalb, and

Table 2.  –  Baseline and changes from baseline in lung function, PC20, and blood eosinophil count during nedocromil
sodium and placebo treatment

Baseline                 4 weeks                   8 weeks              12 weeks
n=31                     n=28                       n=26                   n=25

FEV1 prebronchodilator L  N  1.84 (0.15)  0.04 (0.05) -0.02 (0.08) -0.02 (0.11)
P 2.21 (0.16) -0.12 (0.09) -0.117 (0.06) -0.18 (0.11)

FEV1 postbronchodilator L N 2.01 (0.15)* 0.03 (0.05) 0.02 (0.06) 0.12 (0.08)
P 2.54 (0.17) -0.20 (0.08) -0.18 (0.07) -0.20 (0.11)

Morning PEF L·min-1 N 290.9 (19.7) 16.2 (6.6) 22.01 (9.7) 25.7 (10.5)*
P 352.6 (22.6) -2.3 (6.5) -1.1 (9.8) -8.4 (8.7)

Evening PEF L·min-1 N 296.0 (20.2)* 10.0 (5.1) 19.1 (8.7) 20.8 (10.0)*
P 376.0 (23.7) -0.8 (6.6) -17.6 (10.9) -9.1 (8.2)

PC20 log N -0.34 (0.12) -0.13 (0.13)
P -0.48 (0.14) 0.15 (0.14)

Eosinophils log N 2.18 (0.07) -0.01 (0.04) -0.03 (0.02)
P 2.31 (0.10) 0.06 (0.03) -0.03 (0.06)

SSF % N 62.2 (4.2) -3.85 (1.65) -2.95 (3.02) 2.42 (2.98)
P 62.9 (6.2) 5.3 (2.93) 3.0 (2.78) 2.69 (3.77)

Values are presented as mean, and SEM in parenthesis. N: nedocromil sodium; P: placebo; PEF: peak expiratory flow; SSF: spu-
tum sol fraction. *: significantly different compared to placebo: unpaired t-test; p<0.05.
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Fig. 1.  –  Mean number of inhaled bronchodilators used at night
during a 12 week treatment with nedocromil sodium (        ) or
placebo (       ). Change from baseline was significantly different
between the two treatment groups after 12 weeks: Mann-Whitney
U-test, p=0.015.



the number of eosinophils in the peripheral blood are
shown in table 3. In addition, a significant correlation
was observed between the change in Qα2-m/Qcp and the
change in the number of blood eosinophils (after 4 weeks:
r=0.48, p=0.01; and after 12 weeks: r=0.43, p=0.03).

The retrospective analysis of COPD and asthma as sep-
arate groups revealed that in asthma, nedocromil sodi-
um had a significant effect on the Qα2-m/Qalb and Qα2-m/
Qcp (overall difference between nedocromil sodium and
placebo: p<0.01 (fig. 2) and p<0.04, respectively). For
other sputum parameters, no effects of diagnosis were
found.

In addition, it was found that in the asthma patients,
the RCE Qα2-m/Qcp and Qα2-m/Qalb were significantly
correlated with blood eosinophils at baseline (r=0.72
and 0.51, respectively; p<0.01 and p=0.04, respective-
ly), and after 4 weeks treatment (r=0.68 and 0.50, res-
pectively; p<0.01 and p=0.054, respectively). There was
a significant correlation between the change from base-
line of Qα2-m/Qcp after 12 weeks with that of blood
eosinophils (r=0.73, p<0.01). The correlation between
changes from baseline of Qα2-m/Qalb and those of
eosinophils was: r=0.50 (p=0.054). In the asthma pati-
ents there was a significant correlation between Qα2-m/
Qalb and PC20 at baseline (r=-0.53, p=0.028). Changes
in the RCE were not significantly correlated with those
in PC20.

Discussion 

The effect of nedocromil sodium was investigated in
patients with moderately severe obstructive airways dis-
ease (asthma or COPD). Protein analysis in sputum was
used to measure plasma protein leakage, and this study
indicates that nedocromil sodium reduced this leakage,
which may be regarded as an anti-inflammatory effect.

This study shows limited clinical efficacy of nedocro-
mil in patients with partially reversible airways obstruc-
tion. There was a statistically significant increase in
peak flow and a decrease in inhaled bronchodilator use
at night after 12 weeks of treatment with nedocromil,
but we found no significant decrease in symptom scores
The effect of nedocromil sodium on PEF, however, was
small and it remains uncertain whether it is of any clin-
ical relevance. Furthermore, in the placebo group the
PEF values were already high at the baseline, which
may have obscured any possible improvement during
treatment in this group. Significant effects on symptom
scores were also not seen in the study by BEL et al. [22],
but they were reported by WASSERMAN et al. [23].

We found no significant improvement of the FEV1
prebronchodilator after treatment with nedocromil, in
agreement with other studies [22, 23]. This is in con-
trast with earlier studies [11], which were mainly per-
formed in allergic patients with asthma. We found that
nedocromil tended to improve FEV1 postbronchodila-
tor (overall postrandomization difference: p=0.06), with
the largest change from baseline seen after 12 weeks.
This increase of FEV1 postbronchodilator suggests that
nedocromil has an inhibitory effect on oedema forma-
tion and mucus secretion, rather than a relaxing effect
on the airway smooth muscles, which is in line with the
nonbronchodilating, anti-inflammatory action of nedocro-
mil. We found no effect on histamine PC20 after 12
weeks of treatment with nedocromil.

The limited clinical effects of nedocromil in this study
may be considered in relation to the heterogeneous com-
position of our study group. Also, patients were not
stratified for concomitant medication. Only in retrospect
were the patients classified as asthma or COPD accord-
ing to ATS criteria, and it appeared that the nedocromil
group contained less asthmatic subjects than the placebo
group. Although asthma is supposed to be more easily
affected by anti-inflammatory treatment than COPD, a
slight beneficial effect in favour of nedocromil was
observed. The statistical analysis of the treatment×diag-
nosis interaction did not reveal diagnosis effects for any
of the parameters analysed except for the permeability
parameters. Care should be taken, however, before ex-
trapolating the present findings to populations of COPD

D.F.M. SCHOONBROOD ET AL.1504

-0.4

-0.6

-0.8

-1.0

lo
g 

Q
α

2-m
/Q

al
b

a)

-0.4

-0.6

-0.8

-1.0

-1.2

120 2 4 6 8 10
Treatment  weeks

lo
g 

Q
α

2-m
/Q

al
b

b)

Fig. 2.  –  Mean (±SEM) log Qα2-m/Qalb for: a) all patients; and b)
asthma patients, during a 12 week treatment with nedocromil sodi-
um (●) or placebo (❍). Data at week 0 are the mean of value at Visit
1 and Visit 2. Overall postrandomization difference was significant-
ly different between nedocromil and placebo treatment: a) all patients,
p=0.03; b) asthma patients, nedocromil (n=5), placebo (n=13),
p<0.01. Qα2-m: concentration ratio of α2-macroglobulin; Qalb: con-
centration ratio of albumin.

Table 3.  –  Spearman rank correlation coefficients (r)
for relationship between relative coefficient of excretion
(RCE) and blood eosinophil count at baseline (Visit 1)
and during treatment

Qα2-m/Qcp Qα2-m/Qalb

n           r        p-value        r      p-value

Baseline  30  0.69 0.001 0.49  0.006
Week 4 28  0.57 0.001 0.43 0.02
Week 12 27 0.44 0.02 0.33 0.09

Qα2-m, Qcp, Qalb: concentration ratios of α2-macroglobulin
(α2-m), ceruloplasmin (cp) and albumin (alb), respectively.
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patients. Furthermore, it is to be noted that DE JONG et
al. [24] did not find objective improvement by treat-
ment with nedocromil sodium in patients with COPD.

We were interested to determine whether nedocromil
sodium, which has been shown to have anti-inflamma-
tory effects in vitro and in vivo, might be able to reduce
the plasma protein leakage, as measured in SSP. After
treatment with nedocromil there was a decrease in the
Qα2-m/Qalb with a maximal effect after 4 weeks. This
decrease suggests that there is a partial restoration of the
size selectivity of the mucosal membrane in the air-
ways [20]. In the retrospective part of the analysis, there
were five subjects with asthma in the treatment group
versus 13 in the placebo group. These numbers gave
some support to the findings with nedocromil sodium
in the asthma subgroup in this study. Interestingly, nedo-
cromil sodium did have a beneficial effect on the para-
meters for the permeability of the respiratory membrane,
and the effects seemed to be more consistent in time
than in the total study group. The present results are in
agreement with a recent study on nasal lavage fluid [25],
and with the study of MAZZARELLA et al. [13] showing
a decrease of albumin in BALF after treatment with nedo-
cromil sodium.

We have analysed the relationship between perme-
ability of the respiratory membrane and the number of
eosinophils in the peripheral blood. The latter is con-
sidered to be an important inflammatory parameter in
asthma [26], and there is increasing evidence for a con-
tribution of eosinophils in the inflammatory reactions
in chronic bronchitis and in COPD. In particular, at base-
line there was a significant correlation between the two
surrogate markers of inflammation. We have no expla-
nation for the divergence in the results for Qα2-m/Qalb
and Qα2-m/Qcp with respect to the correlation between
the changes in these ratios and changes in the number
of eosinophils during treatment. In the asthma patients,
the correlations were clearer than in the total group, but
the divergence was still present.

The precise mechanism of action of nedocromil is still
unclear, but the reduction of plasma protein leakage
might result from an inhibitory effect on the release of
inflammatory mediators from mast cells [27]. Recently,
nedocromil has been shown to block the allergen-pro-
voked late increase in both circulating eosinophils and
basophils in atopic patients with asthma [28] and to
reduce the number of eosinophils in the bronchial mucosa
[29], which suggests that nedocromil affects inflamm-
atory mechanisms through inhibition of leucocyte re-
cruitment. Also, an inhibitory effect of nedocromil was
found on the immunoglobulin E (IgE) production by
B-lymphocytes [30]. In addition, nedocromil may mod-
ulate nonadrenergic noncholinergic neural reflex mech-
anisms: it has been shown that nedocromil can prevent
the bronchoconstriction induced by substance P [31,
32].

The maximal effect of nedocromil on plasma protein
leakage occurred after 4 weeks of treatment (fig. 2),
whereas the maximal effect on FEV1, PEF and night-
time bronchodilator use occurred after 12 weeks (table
2 and fig. 1). This discrepancy in timing of effects sug-
gests that different mechanisms of action are involved.
Another explanation may be that COPD patients react
differently from asthma patients, for which there is

some evidence when the results are compared with those
in asthma alone.

In conclusion, the present study shows limited clini-
cal efficacy of nedocromil sodium in patients with ob-
structive airways disease and sputum production. The
reduction of plasma protein exudation by nedocromil as
measured in sputum sol phase suggests that nedocromil
has anti-inflammatory properties, and that analysis of
sputum might be useful in assessing changes in disease
activity in patients with obstructive airways diseases.

Acknowledgement: The authors are grateful to
R. Lutter for offering helpful suggestions on spu-
tum protein analysis and for critically reading the
manuscript. 

References

1. Corrigan CJ, Kay AB. The roles of inflammatory cells
in the pathogenesis of asthma and of chronic obstruc-
tive pulmonary disease. Am Rev Respir Dis 1991; 143:
1165–1168.

2. Lundgren JD, Shelhamer JH. Pathogenesis of airway
mucus hypersecretion. J Allergy Clin Immunol 1990;
82: 399–416.

3. Persson CGA. Role of plasma exudation in asthmatic
airways. Lancet 1986; 2: 1126–1128.

4. Ryley HC, Brogan ID. Variations in the composition of
sputum in chronic chest diseases. Brit J Exp Pathol
1968; 48: 625–633.

5. Schoonbrood DFM, Lutter R, Habets FJM, Roos CM,
Jansen HM, Out TA. Analysis of plasma protein leak-
age and local secretion in sputum from patients with
asthma and COPD. Am J Respir Crit Care Med 1994;
150: 1519–1527.

6. Moretti M, Giannico G, Marchioni CF, Bisetti A. Effects
of methylprednisolone on sputum biochemical compo-
nents in asthmatic bronchitis. Eur J Respir Dis 1984;
65: 365–370.

7. Wiggins J, Elliott JA, Stevenson RD, Stockley RA. Ef-
fect of corticosteroids on sputum sol phase protease
inhibitors in chronic obstructive pulmonary disease.
Thorax 1982; 37: 652–656.

8. Van de Graaf EA, Out TA, Roos CM, Jansen HM.
Respiratory membrane permeability and bronchial hy-
perreactivity in patients with stable asthma; effects of
therapy with inhaled steroids. Am Rev Respir Dis 1991;
143: 362–368.

9. Schoonbrood DFM, Out TA, Lutter R, Reimert CM, Van
Overveld FJ, Jansen HM. Plasma protein leakage and
local secretion of proteins assessed in sputum in asth-
ma and COPD. The effect of inhaled corticosteroids.
Clin Chim Acta 1995; 240: 163–178.

10. Heilpern S, Rebuck AS. Effect of disodium cromogly-
cate (Intal) on sputum protein composition. Thorax 1972;
27: 726–728.

11. De Jong JW, Postma DS, de Monchy JGR, Koëter GH.
A review of nedocromil sodium in asthma therapy. Eur
Respir Rev 1993; 3: 511–519.

12. König P. Clinical overview of nedocromil sodium.
Allergy Proc 1995; 16: 73–76.

13. Mazzarella G, Grella E, Romano L, et al. Protective
effects of nedocromil sodium on cellular and biohumoral
components present in the bronchial alveolar lavage
fluid and in peripheral blood in atopic asthmatics.
Respiration 1994; 61: 207–213.

14. American Thoracic Society. Medical section of the



American Lung Association. Standards for the diagno-
sis and care of patients with chronic obstructive pulmo-
nary disease (COPD) and asthma. Am Rev Respir Dis
1987; 137: 225–244.

15. Brand PLP, Kerstjens HAM, Postma DS, et al. Dutch
CNSLD Study Group. Long-term multicentre trial in
chronic non-specific lung disease. Methodology and
baseline assessment in adult patients. Eur Respir J
1992; 5: 21–31.

16. Quanjer PhH, Tammeling GJ, Cotes JE, Pedersen OF,
Peslin R, Yernault J-C. Lung volumes and forced ven-
tilatory flows. Eur Respir J 1993; 6, Suppl. 16: S5– S40.

17. Out TA, Jansen HM, van Steenwijk RP, de Nooijer MJ,
van de Graaf EA, Zuijderhoudt FMJ. ELISA of cerulo-
plasmin and alpha-2-macroglobulin in paired bron-
choalveolar lavage fluid and serum samples. Clin Chim
Acta 1987; 165: 277–288.

18. Van de Graaf EA, Out TA, Kobesen A, Jansen HM.
Lactoferrin and secretory IgA in the bronchoalveolar
lavage fluid from patients with stable asthma. Lung
1991; 169: 275–283.

19. Delacroix DL, Marchandise FX, Francis C, Sibille Y
Alpha-2-macroglobulin, monomeric and polymeric im-
munoglobulin A, and immunoglobulin M in bronchoal-
veolar lavage. Am Rev Respir Dis 1985; 132: 829–835.

20. Out TA, van de Graaf EA, Jansen HM. Permeability or
local production of immunoglobulins and other inflam-
matory proteins in asthma. Eur Respir J 1991; 4: Suppl.
13, 148–155.

21. Wright SP. Adjusted p-values for simultaneous infer-
ence. Biometrics 1992; 48: 1005–1013.

22. Bel EH, Timmers MC, Hermans J, Dijkman JH, Sterk
PJ. The long-term effects of nedocromil sodium and
beclomethasone diproprionate on bronchial responsive-
ness to methacholine in non-atopic asthmatic subjects.
Am Rev Respir Dis 1990; 141: 21–28.

23. Wasserman SI, Furukawa CT, Henochowicz SI, et al.
Asthma symptoms and airway hyperresponsiveness are

lower during treatment with nedocromil sodium than
during treatment with regular inhaled albuterol. J Aller-
gy Clin Immunol 1995; 95: 541–547.

24. De Jong JW, Postma DS, Van der Mark TW, Koëter GH.
Effects of nedocromil sodium in the treatment of non-
allergic subjects with chronic obstructive pulmonary
disease. Thorax 1994; 49: 1022–1024.

25. Kaulbach HC, Igarashi Y, Mullol J, White MV, Kaliner
MA. Effects of nedocromil sodium on allergen-induced
rhinitis in humans. J Allergy Clin Immunol 1992; 89:
599–610.

26. Bousquet J, Chanez P, Lacoste JY, et al. Eosinophilic
inflammation in asthma. New Engl J Med 1990; 323:
1033–1039.

27. Evans TW, Rogers DF, Aursudkij B, Chung KF, Barnes
PJ. Inflammatory mediators involved in antigen-induced
airway microvascular leakage in guinea pigs. Am Rev
Respir Dis 1988; 138: 395–399.

28. Twentyman OP, Sams VR, Holgate ST. Albuterol and
nedocromil sodium affect airway and leukocyte respon-
ses to allergen. Am Rev Respir Dis 1993; 147: 1425–1430.

29. Trigg C, Manolitsas N, McAulay A, Norton A, Wang J,
Davies RJ. A pilot comparative study of the effects of
inhaled nedocromil sodium and albuterol on bronchial
biopsies in asthma. Am Rev Respir Dis 1993; 147: A522.

30. Loh RK, Jabara HH, Geha RS. Mechanisms of inhibi-
tion of IgE synthesis by nedocromil sodium: nedocromil
sodium inhibits deletional switch recombination in
human B-cells. J Allergy Clin Immunol 1996; 97: 1141–
1150.

31. Crimi N, Palermo F, Oliveri R, et al. Effect of nedocro-
mil on bronchospasm induced by inhalation of substa-
nce P in asthmatic subjects. Clin Allergy 1988; 18:
375–382.

32. Lei Y-H, Barnes PJ, Rogers DF. Mechanisms and mod-
ulation of airway plasma exudation after direct inhala-
tion of cigarette smoke. Am J Respir Crit Care Med
1995; 151: 1752–1762.

D.F.M. SCHOONBROOD ET AL.1506


