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Sodium cromoglycate and atropine block the fall in
FEV1 but not the cough induced by hypotonic mist
RW FULLER, JG COLLIER

From the Department ofPharmacology, St George's Hospital Medical School, London

ABSTRACT In a group of patients with mild asthma the inhalation of mist derived from ultrasoni-
cally nebulised distilled water caused an increase in cough and a fall in FEVy. Double blind
administration for five minutes of sodium cromoglycate (from an original solution containing 30
mg/ml) or atropine (2 mg/ml) by inhalation from a Minineb nebuliser, 30 minutes before the mist
challenge, caused a significant reduction in the fall in FEVy (p < 0.05), but not in cough, by
comparison with the protection afforded by placebo (saline). In a second study the fall in FEV,
caused by the inhalation of distilled water was not significantly different from that seen in
response to hypotonic sodium chloride (1.7 g/l, 58 mmol/l), but both produced a significantly
greater fall than did a similar mist containing sodium cromoglycate at an original concentration of
10 mg/ml (58 mmoIl). The results show that both atropine and sodium cromoglycate can block
the fall in FEV, due to mist and that protection by sodium cromoglycate is immediate. These
results suggest that sodium cromoglycate blocks the nervous reflexes concerned in the response to
mist, probably in the afferent limb of the reflex.

Patients with asthma regularly develop increased
airways resistance after inhaling mist derived from
ultrasonically nebulised hypotonic solutions,'-4 and
the response in an individual correlates well with the
change that follows a non-specific bronchoconstric-
tor challenge such as exercise.2 The response to mist
depends on the dose given and on the osmolarity of
the original solution; hypertonic and hypotonic solu-
tions cause bronchoconstriction while normal saline
has no effect.' " Results of animal studies suggest
that the response is reflex and secondary to stimula-
tion of receptors sensitive to changes in osmolar-
ity.56 Such a response should be amenable to modi-
fication by drugs that interfere with autonomic
nervous control, but previous attempts to use drugs
to influence the response' 47 have been inadequately
controlled and the results inconclusive.
We report here two placebo controlled studies

designed to assess whether drugs can interfere with
the airway response to hypotonic solutions. The
first, a double blind study, tested whether pretreat-
ment with sodium cromoglycate, atropine, or
placebo modified the effect on FEV, of inhaled mist
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derived from distilled water. The second, which was
single blind, assessed the speed of onset of the effect
of sodium cromoglycate.

Methods

Studies were performed with the patients seated in a
comfortable, quiet laboratory. The ambient temper-
ature varied from 21°C to 24°C. Subjects gave
informed consent, and the study had the approval of
the local ethical committee. Six asthmatic patients
(mean age 56 years), with a mean forced expiratory
volume in one second (FEV1) of 73% of the pre-
dicted normal, took part in the first study. All regu-
larly used inhalations of beclomethasone and a 12
sympathomimetic and four were maintained on oral
prednisolone (<7.5 mg/day). None was taking
sodium cromoglycate or atropine like drugs and 83
sympathomimetics were omitted for 12 hours before
each study.
The subjects were studied on five separate occa-

sions at the same time of day with at least three days
separating each attendance. Separation of studies by
several days is important since observations in this
and other laboratories have shown that if the mist
challenge is repeated within 24 hours desensitisation
develops and this would complicate interpretation of
any response to drugs. On each day a "prechal-
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lenge" measurement of FEV, was madetwith a dry
wedge spirometer (Vitalograph) and the subjects
were then challenged with an inhalation of mist
derived from distilled water. The figure taken for the
prechallenge FEV, was the highest value recorded
in three manoeuvres; only a single manoeuvre was

used to measure FEV1 on subsequent occasions.
The mist was produced by a Devilbiss 65

ultrasonic nebuliser set to deliver 6 ml min-m of mist
with a wide range of particle size but with 15-5%
having a diameter less than 2 . The subjects
breathed normally, inhaling the mist for five minutes
through a two way valve. The number of coughs
made by the subjects was recorded during the period
of inhalation. FEVI was recorded at 1, 3, 5, 10, 15,
20, and 30 minutes after the end of the challenge. At
the end of this 30 minute period a bronchodilator
was given if the FEV, was less than 90% of the
prechallenge level.
On the first and last study day mist challenge

alone was given; on the three intermediate days sub-
jects were pretreated 30 minutes before the chal-
lenge with either sodium cromoglycate (from an

original solution containing 30 mg/ml), atropine
methonitrate (2 mg/ml), or saline (0.9%), each
inhaled for five minutes from a Minineb nebuliser
driven by air at 10 lb/in2 (69 kPa). The order in
which the drugs was given was randomised and
double blind. On the days when the subjects
received drugs a "baseline" measurement of FEV,
was made before treatment at approximately 30
minutes before the prechallenge recordings. Blood
was taken immediately before and 30 minutes after
the challenge with mist and assayed by radioim-
munoassay8 for sodium cromoglycate and by recep-

tor binding assay for atropine. The dose of sodium
cromoglycate reaching the lungs was estimated from
the plasma concentrations and the subject's weight.8

In the second study, designed to assess the speed
of onset of the effect of sodium cromoglycate, five
different subjects (mean age 21 years), all with a

history of mild asthma (mean FEV, 101% of pre-

dicted), took part. None was receiving regular medi-
cation but each occasionally used a sym-

pathomimetic, which was withheld for at least 12
hours before each study. The subjects were tested

on three different days separated by at least one

week. On each occasion a baseline recording of
FEV, was made and the subject was then challenged
with ultrasonically produced mist inhaled via a two
way valve for five minutes. On the first day the sub-
ject received nebulised distilled water and on subse-
quent study days challenge was performed single
blind, in random order, with a hypotonic mist gener-
ated from either sodium cromoglycate (10 mg/ml) or
saline (1.7 g/l), both solutions having an osmolarity
of 58 mmol/l. The number of coughs during inhala-
tion and the FEV, one, three, five, 10, 15, 20, and
30 minutes after the challenge were recorded.
Changes in the FEV, were analysed by paired t

test, and changes in number of coughs by the sign
test. The results are given as means with standard
deviations in parentheses.

Results

Effect ofpretreatment with sodium cromoglycate or

atropine on the response to inhalation ofdistilled
water mist
The results of the first study are shown in table 1.
For each subject the "prechallenge" FEV, on the
five study days was similar, and basal FEV, was not
altered significantly by treatment with either sodium
cromoglycate or atropine. The fall in FEV, in
response to challenge with nebulised distilled water
was maximal at one minute after the challenge and
was similar on the two control days (-43% (9%)
and -40% (18%)) and on the placebo treatment
days (-43% (11%)). The mist induced fall in FEVJ
was significantly attenuated (<0.05) both by sodium
cromoglycate and by atropine by comparison with
the response after placebo (table 1). The cough
response was not altered by treatment with either
drug.
The mean plasma concentration of sodium

cromoglycate at 30 minutes was 6.2 (2.47) ng/ml
and at 60 minutes 4-37 (1-98) ng/ml. The plasma
concentration of atropine was 0-33 (0 12) mmol/l at
30 minutes and 0-25 (0.10) mmol/I at 60 minutes.
From these values of sodium cromoglycate concen-

tration the estimated dose reaching the lungs was

0-7 (0.24) mg.

Table 1 Baseline, prechallenge, and maximum changes in FEV, and number ofcoughs after mist challenge in six subjects
with and without pretreatment with placebo, atropine or sodium cromoglycate (SCG)

Control I Placebo Atropine SCG Control 2

Baseline FEV (I): mean (1 SD) 1-72 (1-08) 1-68 ( 1.09) 1-68 (1-09)
Prechallenge REV, (I): mean (1 SD) 1-81 (1-15) 1-88 (1-15) 1-78 (1-05) 1-964 (1-10) 1-77 (1-06)
Maximum % change in FEV,: mean

(1 SD) -43 (9) -43 (11) -18 (22)* -6 (18)** -40 (18)
No of coughs: median (range) 10 (329) 26 (0-32) 15 (0-19) 14 (4-24) 12-5 (0-32)

*p < 0-05; **p < 0-01 by comparison with placebo.
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Table 2 Baseline and percentage change in FEV, and
number ofcoughs in five subjects after challenge by mist of
distilled water or hypotonic solutions ofsodium
cromoglycate (SCG) or saline

Water SCG Saline

Baseline FEV (1):
mean (+1 Sb) 4.37 (0.72) 4.19 (0.66) 4.14 (0-61)

Maximum %
change in FEV,:
mean (+1 SD) -37-4 (14) -6-4 (5-7)**t -304 (12.1)

No of coughs:
median (range) 11(4-20) 0 (0-9)* 11 (Q38)

*p < 0-05; **p < 0-01 by comparison with water.
tp < 0*05 by comparison with saline.

Effect on FEV, and cough ofinhaling mists derived
from nebulised distilled water, saline, and sodium
cromoglycate
The results of the second study are shown in table 2.
No difference was found in the baseline FEV, on the
three study days. The fall in FEV, after challenge
with distilled water was -37-4% (14%) and after
saline (1.7 g/l) -30 4% (12.1%); these figures were
not significantly different. After challenge with
sodium cromoglycate (10 mg/ml), however, the fall
in FEV, was significantly less at -6.4% (5.7%) (p <
0.05). The number of coughs that occurred was

significantly greater during the inhalation of water
than during sodium cromoglycate inhalation (p <
005, sign test). The number was also greater during
inhalation of saline than of sodium cromoglycate but
this difference did not reach significance. There was

no difference between the numbers of coughs during
water and saline inhalation.

Discussion

Previous workers have shown that the inhalation of
a mist produced by ultrasonically nebulised distilled
water causes cough but no change in airway tone in
normal subjects, and cough and a reproducible
increase in airway tone in patients with asthma.' 34
The results of the first part of the present investiga-
tion essentially confirmed these observations in that
in our experiments a five minute inhalation by asth-
matics of a mist derived from distilled water pro-
duced a fall in FEV, of over 15% and also cough. In
addition, however, these studies show that both
sodium cromoglycate and atropine, given by nebul-
iser 30 minutes before the mist challenge,
significantly reduced the fall in FEV,. This is there-
fore similar to the effects of these drugs on chal-
lenges with exercise and inhalation of cold air.9'
Studies using atropine are often difficult to interpret
because the drug may cause a change in baseline
measurements. In this investigation we have used a
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dose of atropine that we had shown in earlier studies
in healthy volunteers and people with mild asthma
did not alter basal FEVy. The protection afforded by
atropine is therefore unlikely to be an artefact sec-
ondary to a change in basal tone. The cough
response to the inhalation of hypotonic mist was
poorly reproducible (table 1); even so there was no
indication of an inhibition of the response by the
prior inhalation of either sodium cromoglycate or
atropine.
The second series of experiments, using a

hypotonic solution of sodium cromoglycate, showed
that the fall in FEV1 that occurred when mist was
inhaled was blocked by the presence of sodium
cromoglycate. The possibility that there was a
reduced response because the sodium cromoglycate
solution had a greater osmolarity than distilled
water cannot be sustained, since a solution of saline
of similar osmolarity to the cromoglycate solution
produced a fall similar to that of inhaled water.
Cromoglycate does not therefore appear to be
needed at the site of action before the challenge for
the response to be blocked. In this second study the
inhalation of cromoglycate caused significantly less
coughing than distilled water but not less than
saline; this may be explained by the fact that the
osmolarity of the cromoglycate solution is higher
than that of distilled water and would be in keeping
with the findings of Cheney and Butler," who also
found that half normal saline produced less cough-
ing than did water.
Animal studies have shown that the direct appli-

cation of hypotonic solutions to the upper airways
produces increased activity in the sensory nerves
supplying the mucosa56 and produces airways con-
striction.'2 Both Boushey et a15 and Harding et al6
found that there were two different groups of recep-
tors that responded to a hypotonic challenge, and
Colebatch and Halmagyi'2 concluded that the cough
and airway changes were caused by different nerv-
ous reflexes. Our studies support the hypothesis that
there are two different reflex arcs, one causing
cough and the other a change in FEV, the two being
influenced differently by drugs.
Blockade of the bronchoconstrictor response to

mist by atropine, which has also been reported by
Sheppard et al,4 offers strong evidence that the
response is mediated by a nervous mechanism as in
animals."2 The time course of the response to mist,
with the maximal fall in FEVI occurring immedi-
ately after the challenge, also favours a response
that is mediated through a nervous pathway rather
than due to release of mediators from inflammatory
cells, as with antigen challenge, a mechanism that
tends to take rather longer to act. Release of specific
mast cell mediators has not been reported after chal-
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lenge with mist and, although raised concentrations
of histamine have been reported in exercise induced
asthma by some workers,'3 this has not been found
by others.'4 A confounding problem in these studies
has been that the changes in plasma mediator con-
centration might have been due to changes in cir-
culating blood basophils.'4 '5 The recently reported
rise in plasma neutrophil chemotactic factor after
mist challenge'6 might therefore also be secondary
to changes in circulating cells,'7 and the rise does not
appear to be related specifically to events in the
asthmatic lung since it also occurs with pulmonary
infection.'8 If the response to mist were due to
mediator release, then challenge might produce a
"late phase" as is seen after inhalation of antigen.
No such response has been reported and none was

experienced by any of the subjects in this study,
even though one was known to show a late response
to antigen.
The mechanism by which sodium cromoglycate

inhibits the response to mist is uncertain. Direct evi-
dence for cromoglycate induced inhibition of
mediator release from mast cells in man has been
difficult to find'9 and animal studies suggest that the
response to mist is secondary to stimulation of affer-
ent nerves, rather than due to release of mediators
from inflammatory cells. It therefore seems likely
that cromoglycate is acting by interfering in some
way with a nervous reflex. Certainly the immediacy
of the effect of cromoglycate on the mist induced fall
in FEV, in this study favours inhibition of such a
reflex by cromoglycate as the mode of action. The
likely site of action would be at the sensory receptor,
as has been reported for the bronchoconstrictor
reflex in dogs arising from left ventricular recep-

tors20 and airway C fibres.2' The concentration of
sodium cromoglycate in plasma at the time of block-
ade of the effect of the mist challenge was about 6 5
ng/ml. Interestingly, a threefold greater concentra-
tion is required to inhibit the activity of mast cells
taken from rat peritoneum22 or isolated from human
lung,23 and even these high concentrations do not
affect the activity of mast cells in human skin.'9 The
concentration in the airways, although initially high,
is likely to have fallen below the equivalent in vitro
concentrations, as the dose received by the subject
(about 07 mg) will have been distributed through-
out the airways and some will have been absorbed in
the 30 minutes before the challenge. Any inhibition
of sensory nerves could not have been uniform as

the cough response was not blocked. Cromoglycate&
has previously been shown not to modify cough pro-

duced by C fibre stimulation in man.24

The present study therefore suggests that the
inhalation of hypotonic mist in man causes a fall in
FEVJ and cough by the stimulation of two separate

nervous reflexes. The bronchoconstrictor reflex is
inhibited by both sodium cromoglycate and
atropine. It is postulated that these drugs act by
inhibiting either the afferent (cromoglycate sensi-
tive) or efferent (atropine sensitive) limbs of the
reflex.

We wish to thank Dr RF Metcalf of CDE, Porton,
for measuring the plasma concentration of atropine.
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