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ABSTRACT: We assessed the effect of nedocromil sodium on bronchoconstriction 
and airway responsiveness induced by platelet-activating factor (PAF) in eight 
normal subjects, in a double-blind, placebo-controlled cross-over study. Subjects 
inhaled PAF by a doslmeter method In 5 doses of 18 f-Ig each, separated by 
an interval of 15 min, (total dose of 90 1-1g). Airway calibre was measured by 
partial expiratory flow at 30% of vital capacity {Vp.3

0
) before and at 1, 3, 5, 10 

and 15 min after each dose of PAF. The bronchoconstrictor response was 
assessed by measuring the area under the curve of the percentage fall in Vp

30 
over 

time. 
There was a significant reduction in PAF-induced bronchoconstriction after 

nedocromll sodium (1,225±392 arbitrary units; mean±SEM) compared to placebo 
(2,395±598; p<O.Ol). There was no significant difference in the fall in peripheral 
neutrophil count measured at 5 min after PAF with nedocromil sodium 
(48.5:9.5%) compared to placebo (43.3:6.8%). 

In conclusion, nedocromil sodiulit significantly attenuates PAF-induced 
bronchoconstriction but not the peripheral neutropenia in normal subjects. Since 
PAF is not a direct constrictor of human airway smooth muscle, this effect of 
nedocromil sodium may indicate inhibition of release of bronchoconstrictot· 
mediators. 
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Nedocromil sodium is a pyranoquinalone dicar­
boxylic acid which has recently been introduced in the 
treatment of asthma. It has several properties which 
suggest that it has an anti-inflammatory role in asthma. 
Thus, it inhibits the release of mediators from activated 
human cells in vitro, including mast cells, eosinophils, 
platelets and macrophages [1]. In addition, it inhibits 
early and late responses to allergen challenge in 
asthmatics [2]. In order to further evaluate the 
possible mechanism of action of nedocromil sodium, 
we investigated its effect on the airway responses to 
inhaled platelet-activating factor (PAF) in normal 
volunteers. PAF induces bronchoconstriction and 
bronchial hyperresponsiveness in normal volunteers [3]. 
P AF is known to be a potent activator of inflammatory 
cells, such as neutrophils and eosinophils in vitro [ 4 ], 
but does not directly contract airway smooth muscle, 
and it has been suggested that PAF may induce its 
effects through activation of, and release of, mediators 
from inflammatory cells [ 5]. Previous studies have 
found a positive correlation between the number of 
neutrophils recovered in samples of lavage fluid and 
the fall in lung function after inhalation of PAF. We 
postulated that nedocromil sodium, from its profile of 
activity, could attenuate PAF-induced airway effects 

and the associated peripheral neutropenia in vivo in 
normal subjects. 

Materials and methods 

Subjects 

Eight healthy normal volunteers (5 males and 3 
females, aged 19-32 yrs) gave written informed 
consent to participate in this study, approved by the 
Ethics Committee of the Royal Brompton and National 
Heart Hospital. All subjects were nonsmokers and 
gave no history of asthma or of respiratory infection 
for at least 4 weeks before entering the study. 

They abstained from caffeine containing beverages 
for at least 12 h prior to attending the laboratory. Sub­
jects were assessed for atopy by examining skin 
responses to common allergens and all were non-atopic. 
Subjects with a provocative concentration of metha­
choline causing a 40% fall in baseline airw·ay calibre 
(PC

40
) of less than 4 mg·ml'1 were excluded from the 

study (table 1). In all subjects, forced expiratory 
volume in one second and forced vital capacity 
measurements were greater than 80% predicted. 
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Table 1. - Characteristics of normal subjects including baseline lung function 

Vp
30 

/·min·• 

Subject Age Sex Atopy Period 1 Period 2 PC,0 
FEY

1 
FYC 

no. yrs mg·mt·• % pred % pred 

1 32 F 105 110 5.2 96 104 
2 19 M 204 194 52 106 110 
3 26 M 223 196 5.8 105 108 
4 24 M 241 256 24.7 96 104 
5 19 F 92 73 6.6 87 94 
6 21 M 234 219 47 102 109 
7 20 F 121 109 20 90 94 
8 22 M 168 198 42 89 103 

PC
40

: provocative concentration of methacholine needed to cause. a 40% fall in baseline Vp ; FEY : forced 
expir~tory volume in one second; FYC: forced vital capacity; Yp

30
: partial expiratory floV:

0 
at 30%

1 
of vital 

capactty. 

Protocol 

This protocol is similar to that used previously in 
our laboratory [5). Each subject was studied during 
two periods, separated by a period of at least 4 weeks. 
Each subject inhaled either 8 mg of nedocromil sodium 
( 4 puffs; 2 mg·puff·') or matched placebo, by metered 
dose inhaler, in a randomized, double-blind, cross-over 
fashion. This was followed 30 min later by inhalation 
of PAF from a nebulizer (mass median particle size 5 
JA; output 6 fAl·breath·1) connected to a dosimeter (Mefar 
Elecromed, Brescia, Italy). Each subject inhaled two 
breaths of PAF aerosol (1.5 mg·ml·'; 18 JAg), up to five 
times in succession every 15 min (total dose 90 JAg). 
For each dose, the subject inhaled twice from a 
nebulizer attached to the dosimeter driven by com­
pressed air at a pressure of 152 kPa. For each nebuliz­
ation (which lasted 1.0 s) the subject inhaled 9 tAg PAF 
slowly, from functional residual capacity to total lung 
capacity, with breath-holding for 10 s before exhaling. 
Airway calibre was measured at 1, 3, 5, 10 and 15 
min after each dose of PAF. A blood sample for meas­
urement of total white cell and platelet counts was 
taken immediately before inhaling PAF and at 5, 15 
and 60 min after inhaling the first dose of PAF. 

Measurement of airway calibre 

Airway calibre was measured from standardized 
partial expir~tory flow-volume curves at 30% vi:tal 
capacity (Vp

30
) [6] with a rolling spirometer 

(Vitalograph, Buckingham, UK) and a Hewlett-Packard 
microcomputer (Collingwood Measurements Leicester, 
UK ). Subjects initially performed a full vital capac­
ity, and measurements of flow were made at Vp30• 

Flow volume manoeuvres were performed by expir­
ation from just above tidal inspiration to residual vol­
ume, followed by inhalation to total lung capacity 
before breathing out normally. All subjects were 
trained in partial flow measurements on the first visit. 
Changes in airway calibre were expressed as a percent­
age of baseline measurements taken after inhalation of 
a control solution (mean of three readings). 

Chemicals 

C16-PAF was obtained from Bachem, Switzerland 
and s tock solutions of 10 mg·ml·1 were made in 
absolute alcohol and stored at -70°C. This was diluted 
in 2.5% human serum albumin (Immuno AG, Vienna, 
Austria) in saline to 1.5 mg·ml·1• Methacholine (Sigma 
UK) was diluted in saline in doubling concentrations 
from 2 to 128 mg·ml·1• 

Statistical analysis 

The paired Student's Hest was used to compare area 
under the curve measurements following inhalation of 
PAF and the percentage fall in the neutrophil count 
in peripheral blood. A p-value <0.05 was considered 
statistically significant. 
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Fig. 1. - Effect of placebo (e) and nedocroJ!lil sodium (0 ) on the 
partial expiratory flow at 30% vital capacity (Vp~ (mean±SEM) after 
inhalation of platelet·activating factor (18 J.l&) every 15 min as indi­
cated by the arrows. Placebo or nedocromil (8 mg) was inhaled 30 
min pior to baseline measurements at time 0. 
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Fig. 2. - Effect of placebo or nedocromil sodium on platelet­
activating factor-induced bronchoconstriction expressed as area under 
curve of percentage fall in Vp

30 
with time, in arbitrary units (au) of 

area. Individual responses are shown. Nedocromil significantly 
inhibited bronchoconstriction (p<O.Ol). Vp

30
: partial expiratory flow 

at 30% vital capacity. 
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Fig. 3. - Cells x109·1·1 effect of placebo (e ) or nedocromil sodium 
(0) on the change in circulating cell counts (upper panel: platelet; 
middle panel: neutrophil; lower panel: lymphocyte) after inhalation 
of platelet-activating factor (mean±SEM). Nedocromil had no signifi­
cant effect on the transient neutropenia observed at 5 min. Data 
shows mean±SEM. 

Results 

All subjects experienced a fall in Vp
30 

after inhal­
ing P AF on each occasion. There was no overall sig­
nificant difference between the baseline airway calibre 
or blood measurements on the two days. There was 
a significant reduction in PAP-induced broncho­
constriction after inhaling nedocromil sodium 
(1,225::~:392 units of area, mcan:tSEM) when compared 
to placebo (2,395:t598, p<0.01) (figs 1 and 2). The 
total white cell count was reduced after both placebo 
(31.7::~:10.8%) and nedocromil (37.5::~:6.7%) at 5 min 
compared to baseline. 

There was no significant difference in the fall in 
neutrophil count in the peripheral blood seen at 5 min 
after PAP inhalation (48.9::~:9.5%) with nedo-cromil 
sodium compared with placebo ( 43.3:t6.8%) (fig 3). 
There was a rebound neutrophilia seen 60 min after 
PAF inhalation with both nedocromil sodium and pia· 
cebo. Inhalation of PAP did not affect the platelet 
count or the lymphocyte count in the peripheral blood. 

Discussion 

We have shown that nedocromil sodium at a dose 
of 8 mg significantly attenuates PAP-induced broncho­
constriction in man but not the associated peripheral 
neutropenia. Our results are partly in agreement with 
those of D1 MARIA et al. [7], who found a partial but 
nonsignificant inhibition of PAP-induced bronchco­
constriction. However, they did not assess the effect 
of PAP inhalation on airway calibre until 8 min after 
inhalation of PAP and, therefore, it is likely that any 
significant effect on immediate bronchoconstriction 
was missed. Nedocromil sodium inhibits broncho­
constriction in response to a number of bronchial 
challenges including bradykinin [8], neurokinin A [9], 
adenosine [10] and sulphur dioxide [11 ], which arc 
known to act indirectly by the release of secondary 
mediators and neurotransmitters; nedocromil sodium by 
contrast, does not inhibit bronchial challenge of dir­
ectly acting agents, such as methacholine or histamine. 
Overall, these observations suggest that nedocromil 
sodium inhibits mediator release. This action of 
ncdocromil sodium is supported by in vitro studies 
demonstrating inhibition of the release of histamine, 
leukotriene C4 (LTC4) and prostaglandin D

2 
(PGD

2
) 

from mast cells obtained from bronchoalveolar lavage 
fluid of macaque monkeys infected with ascaris [12]. 

The mechanism by which PAF causes broncho­
constriction, both in asthmatic and normal subjects [3, 
13, 14], is unknown, but it is likely to occur by an 
indirect mechanism, because PAF does not contract hu­
man airway smooth muscle preparations in the absence 
of platelets, and there is no relationship between the 
degree of bronchoconstriction induced by PAP and that 
induced by methacholine. It is unlikely that histamine 
mediates PAP-induced bronchoconstriction because 
ketotifen, a histamine antagonist, does not inhibit PAP­
induced bronchoconstriction in man [15]. Thromboxane 



1196 J.P. HAYES, K.F. CHUNG, P.J. BARNES 

A
2 

has been shown to be involved in PAF-induced 
bronchoconstriction in dogs and guinea-pigs [16] but 
thromboxane A, antagonists do not inhibit this response 
in man [17]. Inhalation of PAF increases urinary ex­
cretion of leukotriene E

4 
(LTEJ in man [18] and, re­

cently, leukotriene D
4 

(LTD
4

) antagonists have been 
shown to inhibit PAF-induced bronchoconstriction [19, 
20]. Therefore, it is probable that nedocromil inhibits 
the release of sulphidopeptide leukotrienes induced by 
PAF. This is supported by the observation that 
nedocromil sodium inhibits the stimulated generation 
of LTC

4 
from human eosinophils in vitro [21]. PAP­

induced peripheral neutropenia has been reported in 
several previous studies [14, 15]. Our studies suggest 
that there is no link between peripheral neutrophils and 
the bronchoconstriction response to P AF, because nedo­
cromil had no effect on the neutropenia, whilst inhib­
iting the bronchoconstrictor response. However, 
infiltrating neutrophils in the lungs may be relevant to 
the bronchoconstrictor response, as WARDLAW et al. [5] 
have shown a significant positive correlation between 
the number of neutrophils rec.overed in bronchoalveolar 
lavage fluid and the fall in Vp30 after PAF inhalation. 
The maximal bronchoconstrictor effect is seen 3 min 
after inhalation, while the peripheral neutropenia is 
found 5 min after inhalation. Nedocromil may inhibit 
release of inflammatory mediators from a number of 
cells, including neutrophils and eosinophils, without 
inhibiting the recruitment of neutrophils into the air­
ways. 

In conclusion, we have demonstrated that nedocromil 
sodium significantly attentuates PAF-induced broncho­
constriction in normal subjects. The mechanism of 
this effect may be through inhibition of release of 
LTD

4 
from resident cells within the normal airway. 
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