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Inhibition by sodium cromoglycate of
bronchoconstriction stimulated by respiratory heat
loss: comparison of pressurised aerosol and powder
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ABSTRACr The protective effect was examined of three doses (2, 10, and 20 mg) of sodium
cromoglycate inhaled from a pressurised metered dose inhaler on the response to isocapnic
hyperventilation of cold dry air in 10 asthmatic subjects. This was compared with the effect of
cromoglycate powder (20 mg) inhaled from a Spincap and with placebo given on two occasions.
The medications were inhaled on separate days, in random order and with the use of a double
blind double dummy technique, 20 minutes before isocapnic hyperventilation of two fold increas-
ing volumes of air (- 15°C, 0% humidity) to produce a 20% fall in the post-treatment FEV1. The
response was expressed as the provocative dose of respiratory heat loss required to cause a fall in
FEV1 of 15% (PD15, kcal/min). The mean baseline spirometric indices exceeded 85% of pre-
dicted normal values on each test day; both placebo treatments reduced the baseline FEVy by
comparison with all active treatments (p < 0.0001). Comparison of the PD15 on the two placebo
days confirmed excellent reproducibility. All doses of cromoglycate shifted the respiratory heat
loss dose-response curve to the right of the placebo curve; PD,, after all active treatments
exceeded PD15 after placebo (p < 0.0001). There was no cromoglycate dose-response relation-
ship between the three doses of aerosol (p > 0-05), or between any dose of aerosol and powder (p
> 0.05). It is concluded that cromoglycate aerosol inhaled from a pressurised inhaler in a dose of
2 mg gives the same magnitude of protection against bronchoconstriction stimulated by airway
cooling as 20 mg of pressurised aerosol or powder from a Spincap.

Pretreatment of the asthmatic airway with inhaled
sodium cromoglycate as dry powder, a nebulised
solution, and pressurised aerosol can reduce the
bronchoconstrictor response to exercise.' 5 Similar
inhibition has been demonstrated after inhalation of
cromoglycate solution (20 mg) and powder (20
mg),3 and after powder (20 mg) and pressurised
aerosol (2 mg).5 The most effective dose of pressur-
ised aerosol has not been established.
Recent work by McFadden and coworkers has

identified the importance of airway cooling in the
development of exercise stimulated bronchocon-
striction and has introduced a thermal challenge
using maximal ventilation of cold dry air.69 We
have modified their method to allow the construc-
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tion of respiratory heat loss dose-response curves
and have used it to examine the effect of drugs on
bronchoconstriction stimulated by respiratory heat
loss.10 13

In this study we compared the protective effect of
three doses of cromoglycate aerosol (2, 10, and 20
mg) with powder (20 mg) and placebo on the
response to respiratory heat loss in 10 adults with
asthma, to identify the most effective dose of
aerosol.

Methods

Ten adult asthmatics attending the Firestone reg-
ional chest and allergy unit participated in this study
(table 1). All had a history of episodic wheeze and
dyspnoea and described symptoms of exercise stimu-
lated bronchoconstriction. All were atopic as shown
by weal and flare responses to skin prick tests with
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Table 1 Characteristics ofthe subjects

Subject No Age (y) Sex Height (cm) Atopy* Current treatmentt

1 32 M 171 6 S not daily
2 19 M 183 6 S not daily
3 25 M 173 8 S 200, T 200
4 29 F 162 4 S1000, T900,B400
5 26 F 163 4 F 800, B 200
6 22 M 173 7 S 400, T 600, B 200
7 35 M 179 6 S 800
8 29 M 188 6 F not daily
9 25 F 166 4 S 400, B 200

10 25 F 171 5 S 400

*Number of positive weal and flare responses to skinprick tests with 16 common allergen extracts.
tS-salbutamol (jig); B-beclomethasone dipropionate (jg); F-fenoterol (total dose per day, ,ug), T-slow release theophylline (total
dose per day, mg).

16 common allergen extracts. Over the period of the
study, symptoms of asthma did not disturb sleep and
the baseline FEV, before delivery of any test medi-
cation exceeded 70% of predicted normal. No sub-
ject had experienced symptoms of respiratory infec-
tion or been exposed to a sensitising allergen (with
the exception of regular exposure to house dust in
subjects 3 and 5-10) in the month preceding the
study. The study was approved by the hospital
research committee and each subject gave written
informed consent.
Each subject attended the laboratory at the same

time of day on six test days within three weeks.
Aerosol bronchodilator treatment was withheld for
six hours and theophylline for 36 hours, but the use
of beclomethasone was not interrupted; no subject
used cromoglycate for control of asthma. After a 15
minute rest three measurements of FEV, spaced
one minute apart were made with a 9 litre Collins
water spirometer. The test medications were then
given double blind in random order. They were:
1-placebo aerosol (four puffs), placebo powder;
2-placebo aerosol (four puffs), placebo powder;
3-cromoglycate aerosol (two puffs, 1 mg/puff),
placebo aerosol (2 puffs), placebo powder; 4-
cromoglycate aerosol (two puffs, 5 mg/puff),
placebo aerosol (two puffs), placebo powder; 5-
cromoglycate aerosol (4 puffs, 5 mg/puff), placebo
powder; 6-placebo aerosol (four puffs), cromogly-
cate powder (20 mg). Aerosols were inhaled from
pressurised metered dose canisters and powder from
a capsule (Spincap) placed in an inhaling device
(Spinhaler). All medications were given in a stan-
dardised manner. The subject exhaled to near func-
tional residual capacity (FRC), and the pressurised
canister was positioned 3 cm from the wide open
mouth and activated once by the experimenter just
after the beginning of a slow inhalation to near total
lung capacity (TLC). The subject then held his
breath for 10 seconds. The remaining three inhala-
tions were delivered consecutively by the same

technique. Finally, the subject exhaled to near FRC
and, holding the Spinhaler between the lips, quickly
inhaled to near TLC and again held his breath for 10
seconds. Twenty minutes later the FEV, was
remeasured three times, and isocapnic hyperventila-
tion of subfreezing dry air was begun.

Isocapnic hyperventilation was carried out by the
method used by O'Byrne et al,'0 which was a modi-
fication of that described by Strauss et al.' Cold dry
air (-15'C, 0% relative humidity), generated by a
heat exchanger, was inhaled in twofold increasing
volumes (7.5, 15, 30, and 60 /min and at maximum
voluntary ventilation) for three minutes at intervals
of five minutes. Carbon dioxide was added to the
inhaled air to keep the subject eucapnic during each
period of hyperventilation. The response was
measured by the change in FEV, from the lowest
post-treatment value to the lowest value recorded
0.5 and 1.5 minutes after each inhalation. If there
was a fall in FEV, the measurement was repeated at
three minutes and at subsequent two minute
intervals until the lowest value was recorded. Once
the FEV, started to improve the subject received the
next inhalation of cold air. Inhalations were
discontinued once the FEV, had fallen by 20% or
after maximum voluntary ventilation. The final level
of hyperventilation was completed no later than 70
minutes after delivery of the pretreatment for all
subjects on all test days. The respiratory heat loss
(RHL, kcal/min) was calculated for each level of
ventilation from the formula RHL = VE (HC [Ti -
Te] + HV [WC, - WCe]), where VE = minute
ventilation (1/min), HC = heat capacity of air
(0 000304 kcal/min), Ti = inspired air temperature
(IC), Te = expired air temperature (°C), HV =

latent heat of vaporisation of water (0-00058 kcal/
mg), WCi = water content of inspired air (mg/I), and
WCe = water content of expired air (mg/l). Fast
responding thermistors placed within the
mouthpiece recorded Ti and Te. The inspired air
was dry. Expired air was assumed to be fully
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Inhibition by sodium cromoglycate of bronchoconstriction stimulated by respiratory heat loss

saturated at the expired temperature,'4 and the
water content was obtained from standard
saturation temperature relationships.'5 For each test
condition dose-response curves were constructed
with FEV, (percentage change from the lowest
post-treatment value) on the ordinate and
respiratory heat loss (kcallmin) expressed
logarithmically on the abscissa. The provocative
concentration of respiratory heat loss causing a 15%
fall in FEV, (PD15, kcal/min) was obtained from the
log dose-response curves by linear interpolation of
the points above and below the 15% fall in FEV,.

In this experiment each subject was studied on six
occasions, twice after placebo and four times after
active treatment, in random order. The data for each
outcome, percentage change in FEV1 after treat-
ment and PD15, therefore formed a randomised
block design'6 with the subjects as "blocks." The
appropriate approach for comparing treatments was

thus two way analysis of variance, which resulted in
an F test of the difference between the six treatment
means. Rather than conducting a large number of
comparisons between pairs of treatments, the tech-
nique of linear contrasts'" was used (a) to compare
the mean after placebo with the mean after each
active treatment, (b) to test the degree of any treat-
ment dose-response correlation within the three
doses of aerosol, and (c) to compare the effect of the
20 mg aerosol and powder treatments. Analysis of
covariance'8 was used to determine whether the
observed treatment effects on PD15 could be
explained solely by a change in airway calibre.
The reliability of PD15 was examined by estima-

tion of the within subject and between subject com-
ponents of variance from a one way analysis of var-

iance of the results from the two tests after placebo.

Reproducibility was quantified by the within subject
standard deviation of PD15. The intraclass correla-
tion, the ratio of between subject variance to the
sum of between subject plus within subject variance,
was used as a reliability coefficient. The intraclass
correlation is the proportion of total variance due to
real differences between subjects and can be
thought of as a signal to noise ratio-or, more

exactly, a signal to signal plus noise ratio.'9

Results

The mean pretreatment FEV, on the six treatment
days showed only slight variation (table 2) that was

clearly non-significant (p = 0.45). Inhalation of all
test medications produced a small reduction in mean
FEV1. This effect was greater after the two placebo
treatments (mean 4.7%) than after the four cromo-

glycate treatments (mean 2.3%). This difference,
although small, was highly significant (p < 0-0001).
There is little evidence of any real differences in
mean reduction in FEV, after the four individual
cromoglycate treatments (p > 0.05).

There was a shift to the right in the respiratory
heat loss dose-response curves after all cromogly-
cate treatments by comparison with placebo (fig).
The mean PD,5 after placebo was 1-62 kcal (6-78
kJ)/min, compared with the mean after all cromo-

glycate treatments of 1*99 kcal (8.33 kJ)/min (p <
0-0001). The mean PD15 values after individual
cromoglycate treatments (table 2) were very similar;
the test for trend with dose among the aerosol
groups showed this to be non-significant (p > 0 5),
and similarly with the comparison between the 20
mg dose of aerosol and powder (p > 0 5). The effect
of the post-treatment FEV, on PD15 was examined

Table 2 Effects ofplacebo and sodium cromoglycate on response to respiratory heat loss

Subject Placebo Placebo Aerosol cromoglycate Aerosol cromoglycate Aerosol cromoglycate Powder cromoglycate
No 2 mg 10mg 20 mg 20 mg

FEV %A PD,,t FEV, %A PD,^t FEV, %A PD,5t FEV, %A PD,5t FEV, %A PD, t FEVy %A PD,t
(%'FEV0 FEV* FEV* FEV0 FEV0 FEV0

pred)

1 85 2 - 5-2 2-04 85 2 -1-8 2-22 85-9 -2-3 2-47 82-7 -2-9 2-33 79-8 -1-5 2-51 78-1 -4*4 >2 53
2 90-1 - 5-9 1-92 87-5 0-5 1-81 86-2 3-3 2 54 89-0 -1-6 2-15 88-4 -07 2-82 91-7 -2-4 >2 58
3 88-0 - 4-4 1-67 83-4 -5*2 1-41 82-1 -1-4 >2-43 82-1 -3-1 2-10 86-4 -3*5 1-98 83-4 -2-7 2-17
4 94-6 - 5.1 1-22 94 3 -9 5 1*04 99-5 -9-9 1-20 108-5 -1-7 1-89 99-4 -4-9 1-32 104-0 -4-6 1-43
5 105-4 - 4-3 2-11 106-0 -19 1-80 103-5 0-6 2-98 107-0 -3-1 >2*70 106-0 0 2-79 103-7 -0-5 2-16
6 73-9 - 9-2 1-13 71-7 -0-6 1-16 69-1 -0-6 1-37 70-2 -1-3 1-27 72-3 -5-9 1-09 70 9 -3-2 1-19
7 83-6 -13-2 1-86 86-7 -4-8 2-05 80-8 1-4 2-12 86-8 -2-1 2-71 85-5 -4-8 2-18 84-2 -3-8 2-23
8 73-0 - 1-9 1-88 72-1 -1-7 1 91 75-2 -1-4 1-92 72-8 0-3 1-94 72-3 0-5 1-96 74-1 -6-0 1-84
9 107-8 - 7-7 1-27 109-2 -4-7 1-13 113-5 0 1-66 109-7 -0-8 1-65 106 -6-3 1-73 110-8 -2-3 1-72
0 83-5 - 2-6 1-31 93-3 -5-3 1-33 77-5 - 1-0 1-26 80-4 -0-6 1-20 79-8 1-7 1-68 95-2 -6-0 1-56

Mean 88-5 - 6-0 1-64 88-9 -3-5 1-59 87-3 -1-1 2-00 88-9 -1-7 1 99 87-6 -2-5 2-01 89-6 -3-6 1-94
D 11-6 3-3 0 37 12-4 3-0 0-42 13-9 3-5 0-62 14-6 1-1 0 52 12-5 2-9 0-58 13-7 1-7 0-47

Percentage change in FEV, 20 minutes after medication.
Provocative dose of respiratory heat loss producing a 15% fall in FEV, expressed in kcal/min (1 kcal = 4-184 kJ).
i pred-percentage of predicted normal.20
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represents the mean for 10 subjects and the bars represent

one standard deviation above and below the mean.
Conversion: Traditional to SI units-heat: I kcal = 4-184
kJ.

by analysis of covariance, the FEV1 being used as a
covariate. This left the mean PD15 almost
unchanged, so the differences in PD,5 after placebo
and after cromoglycate treatments could not be
explained as due to the difference in FEV,.
The within subject standard deviation of PD15 was

0-12 kcal (0.50 kJ)/min, which indicates that a

within subject change of 0 35 kcal (1-46 kJ)/min or
more would be unlikely to be due to measurement
variability. Furthermore, the intraclass correlation
for PDM5 was 0-91 (p < 0.0001), indicating good
reliability when measurement variation is compared
with true between subject differences.

Discussion

This study is the first to examine the protective
effect of sodium cromoglycate aerosol inhaled from
a pressurised inhaler on the response to hyperventi-
lation of cold air. The results show that the lower
dose of 2 mg is more effective than placebo and is as

effective as the higher doses of 10 and 20 mg.
The effectiveness of cromoglycate powder in a

Latimer, Roberts, Morris, Hargreave

dose of 40 mg on bronchoconstriction stimulated by
hyperventilation of cold air has been observed in
earlier studies.2123 In the present study 20 mg of
powder was found to be as effective as 2 mg of pres-
surised aerosol. This is similar to the effect on bron-
choconstriction stimulated by treadmill running.5
The observation that the protective effect of pres-

surised aerosol was not dose related is at variance
with the dose-response effect of cromoglycate
nebuliser solution on exercise stimulated bron-
choconstriction found by Patel et al.24 Patel observed
increasing protection when estimated doses of 2-4,
12, and 24 mg were generated continuously by a
Wright nebuliser and inhaled by tidal breathing over
5 minutes, and no greater protection after inhalation
of 48 mg. Presumably the differences between the
two studies are due to differences in the doses or
distribution (or both) of cromoglycate deposited in
the lung by the different methods of aerosol genera-
tion and inhalation. In our study the 2 mg dose of
pressurised aerosol might have deposited an effec-
tive dose in the lung which was equal to or greater
than the third dose of Patel et al,24 and therefore a
higher dose would not have a greater effect. Alter-
natively, the different results between the two
studies may be due to the different methods used to
stimulate bronchoconstriction.
Two conflicting theories are currently held about

the pathogenesis of exercise stimulated bronchocon-
striction. Deal and coworkers25 concluded from a
series of experiments using isocapnic hyperventila-
tion of cold air that the major stimulus for exercise
triggered bronchoconstriction was airway cooling
without the release of chemical mediators. The
alternative theory, proposed by Ben-Dov and his
colleagues,26 suggests that exercise stimulated bron-
choconstriction is primarily temperature indepen-
dent and caused by mediator release. Recent
findings by Lee and colleagues27 that mediator
release does occur with respiratory heat loss, regard-
less of whether the cooling is achieved by exercise or
by hyperventilation, incorporates aspects of both
theories and is in keeping with the idea the cromo-
glycate attenuates bronchoconstriction provoked by
both exercise and respiratory heat loss through its
mast cell stabilising properties.

In practical terms, the results of this study and
that of Bundgaard et al5 suggest that bronchocon-
striction stimulated by cold air or by exercise will be
equally inhibited by 2 mg of cromoglycate aerosol
inhaled from a pressurised inhaler and by 20 mg of
powder from a Spincap.

We thank the patients who participated in this study
and Fisons Pharmaceuticals for the grant that sup-
ported it.
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