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ABSTRACT: It has been suggested that osmolarity and/or nebulizer output may
affect the protective effects of disodium cromoglycate (DSCG) in asthma. The aim
of this study was to evaluate the influence of osmolarity of the DSCG solution on
exercise-induced bronchospasm (EIB) in children with bronchial asthma. A jet nebu-
lizer was used for DSCG inhalation in Study 1 and an ultrasonic nebulizer in Study
2. Thirteen asthmatic children (7 males and 6 females, aged 6-14 yrs) were enrolled
in Study 1, and nine asthmatic children (5 males and 4 females, aged 9-13 yrs) in
Study 2. After pretreatment with saline (control), hypotonic DSCG or isotonic DSCG,
children underwent exercise challenge with a cycle ergometer. The percentage fall
in forced expiratory volume in one second (FEV1) was measured at 5 and 15 min
postexercise. The data were compared by analysis of variance (ANOVA).

Both in Study 1 and Study 2, there were no significant differences in minute ven-
tilation volume or maximum heart rate during exercise between the different treat-
ment groups. Both hypotonic and isotonic DSCG significantly reduced the maximum
percentage fall in FEV1. There were no significant differences in protective effects
between hypotonic and isotonic DSCG in either study.

We conclude that the efficacy of hypotonic and isotonic disodium cromoglycate sol-
utions is similar for protection against exercise-induced bronchospasm. Hypotonic
disodium cromoglycate seems to be clinically effective for prevention of exercise-
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Disodium cromoglycate (DSCG) has been used for
treatment of asthma, and for preventing attacks of exer-
cise-induced bronchospasm (EIB) [1-3]. It is administe-
red as a powder or in aerosol form by use of different
devices for inhalation [4—7]. WEINER et al. [8] reported
that isotonic nebulized DSCG provided better protection
against EIB than hypotonic DSCG (1% in distilled water,
about 40 MOsm-L-1), which is standard and commercially
available. These investigators did not specify the kind of
nebulizer used for inhalation in their study. The influence
of osmolarity on airways may differ for the various neb-
ulizers. Ultrasonic nebulizers appear to have a greater
influence on the osmolarity load in the airways as com-
pared with jet nebulizers, because an ultrasonic nebulizer
is capable of producing dense aerosols and has a greater
output. Ultrasonic nebulizers are frequently used for os-
molarity challenge tests, such as with distilled water, and
hypertonic saline [9, 10]. Evaporative cooling, which can
affect the osmolarity of droplets, has been demonstrated
when a jet nebulizer was used [11].

Our objective was to evaluate the influence of a change
in osmolarity of the DSCG solution on EIB in children
with bronchial asthma. Both jet and ultrasonic nebuliz-
ers, which are frequently used for management of asthma
in children, were used in this study.

Materials and methods

Study subjects

Thirteen asthmatic children (7 males and 6 females;
aged 614 yrs) were enrolled in Study 1, and nine asth-
matic children (5 males and 4 females; aged 9-13 yrs)
were enrolled in Study 2. All subjects satisfied the crite-
ria of bronchial asthma recommended by the American
Thoracic Society (ATS) and were clinically stable. No
subjects had received oral or intravenous corticosteroids
in the last 2 months. All medications were withheld for
at least 18 h before exercise challenge. Individual daily
medications are shown in tables 1 and 2, and the regim-
en was maintained throughout the study. Informed con-
sent was provided by the subjects' parents.

Study design

A jet nebulizer was used in Study 1 and an ultrasonic
nebulizer in Study 2 for inhalation of DSCG before ex-
ercise challenge. In each study, inhalations of normal
saline, isotonic DSCG or hypotonic DSCG were given
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Table 1. — Individual pulmonary function and percentage fall in FEV1 after exercise with inhalation by jet nebulizer
(Study 1)
Control (normal saline) Hypotonic DSCG Isotonic DSCG
Pred FEV1 FEV1 FEV1
Subject Sex Age FEVI (A) (B) 5 min 15 min (A) (B) Smin I5min  (A) (B) 5 min 15 min Daily
No. Yrs L % fall % fall L L % fall % fall L L % fall % fall medication
1 M 6 1.36 1.35 122 164 98 1.25 132 114 53 142 142 155 O T
2 M 8 147 1.77 1.82 34.1 12.1 1.87 1.80 5.6 -39 1.65 1.85 43 27 T,DSCG
3 M 9 1.65 1.60 1.62 463 352 1.92 195 195 29.7 1.80 1.80 194 7.2 T, BDP
4 M 10 224 1.70 1.87 134 53 1.60 1.72 -29 -47 192 195 -1.0 -5.1 DSCG
5 F 10 1.69 1.55 157 9.6 223 1.62 165 9.1 18 1.62 157 45 -19 T, BDP
6 M 10 257 145 127 29.1 394 .77 172 29 0 1.70 1.67 6.0 42 T, DSCG
7 M 11 174 140 145 172 103 1.07 127 39 -63 142 132 -114 -9.8 None
8 F 12 224 147 140 521 60.7 1.57 180 83 139 140 142 10.6 49 T, DSCG
9 F 13 202 1.32 145 400 434 1.50 1.55 18.1 84 1.37 1.60 23.8 15.6 DSCG
10 F 13 224 190 207 469 9.7 227 205 63 15 195 222 7.7 32 T
11 M 14 270 207 212 198 189 192 192 115 -1.6 1.82 1.65 0 139 T, BDP
12 F 14 2.60 225 225 147 -09 245 227 132 11.0 2.02 2.10 48 48 None
13 F 14 253 220 225 324 244 230 205 -1.0 -83 2.15 235 128 64 T, DSCG
Mean 1.69 1.72 286 224 .78 1.77 7.7% 3.6* 1.71 1.76 7.5% 3.6*
SD 032 037 145 1738 041 029 7.2 103 026 032 92 69

Predicted FEV1 according to the equation of NisHiMA [12]. (A): FEV1 before inhalation; (B): FEV1 before exercise after pretreat-
ment. % fall in FEV1 at 5 or 15 min: (FEV1 (B) - FEV1 measured at 5 or 15 min after exercise) / FEV1 (B) x 100. Two-way
ANOVA: F=26.90; p=0.0001 (at 5 min after exercise); F=14.74; p=0.0001 (at 15 min after exercise). Scheffe's multiple compari-
son test: *: p<0.05 as compared to normal saline group. No statistical significant differences in percentage fall between isotonic
and hypotonic DSCG were observed. Underscore indicates maximum percentage fall in FEV1 among 5 and 15 min postexercise.
FEV1: forced expiratory volume in one second; Pred: predicted; DSCG: disodium cromoglycate; M: male; F: female; ANOVA:
analysis of variance; T: oral theophylline; BDP: beclomethasone dipropionate.

Table 2. — Individual pulmonary function and percentage fall in FEV1 after exercise with inhalation by ultrasonic neb-
ulizer (Study 2)
Control (normal saline) Hypotonic DSCG Isotonic DSCG
Pred FEV1 FEV1 FEV1

Subject Sex Age FEVI (A) (B) 5 min 15 min (A) (B) 5 min 15 min (A) (B) 5 min 15 min Daily

No. Yrs L L L % fall % fall % fall % fall L L % fall % fall medication

1 F 9 1.44 1.55 147 13.6 0 1.57 155 52 -32 145 152 11.2 6.6 T, DSCG
BDP

2 M 10 1.74 1.27 1.30 7.7 2.3 1.20 1.17 6.0 -2.6 1.27 132 -76 0 T, BDP

3 M 10 1.53 0.85 1.07 533 654 0.82 0.87 23.0 25.3 1.20 1.02 9.8 -12.7 T, DSCG

4 M 10 1.53 1.30 1.25 40.0 6.4 1.32 1.35 14.8 13.3 1.17 1.32 455 35.6 T

5 M 10 1.74 1.00 092 728 ND 1.12 1.05 524 (31.4) 1.15 095 24.2 (10.5) T

6 M 10  1.36 1.15 1.10 573 59.1 1.20 1.17 6.0 1.7 1.30 1.37 27.0 5.1 T, DSCG

7 F 10 1.77 1.27 1.10 25.5 9.1 1.30 132 265 1.5 1.25 1.27 17.3 94 T, DSCG

8 F 10 1.44 1.02 082 488 57.3 085 0.8 12,5 41.3 1.22 130 44.6 154 T

9 F 13 2.35 247 240 263 25.0 227 227 3.1 22 2.30 222 -14 9.0 T

Mean 1.32 1.27 384 28.1 1.29 1.28 16.6% 9.9* 1.37 1.37 19.0* 8.6

SD 048 047 21.6 28.0 043 044 157 159 0.36 0.36 18.4 12.9

Predicted FEV1 according to the equation of NisuiMa [12]. Two-way ANOVA: F=6.97; p=0.007 (at 5 min after exercise); F=2.85;
p=0.09 (at 15 min after exercise). Scheffe's multiple comparison test: *: p<0.05 as compared to normal saline group. No statisti-
cal significant differences in percentage fall between isotonic and hypotonic DSCG were observed. Underscore indicates maximum
percentage fall in FEV1 among 5 and 15 min postexercise. Average percentage fall in FEV1 at 15 min after exercise was calcu-
lated from 8 subjects. ND: Subject No. 5 was unable to perform spirometry 15 min after exercise due to severe EIB. Percentage
fall indicated by parenthesis was excluded from analysis. EIB: exercise-induced bronchospasm; ND: not determined. For further
definitions see legend to table 1.

in random order, in a single-blind method, on separate 40-45 mOsm-L-! for the hypotonic solution and 280-
days. Tests were performed at least 48 h apart, within a 290 mOsm-L-! for the isotonic solution.
2 week period. Each of the three challenges was admin-
istered at approximately the same time of day.
Isotonic DSCG solution was prepared by adding 0.15 Study 1. Normal saline, hypotonic DSCG or isotonic

mL of 10% NacCl to 2 mL of commercially available hy- DSCG solution (2 mL) was inhaled by jet nebulizer
potonic DSCG solution. Osmolarities of 10 samples of (Devilbiss model 646). The gas flow was 5 L-min’! by
hypotonic or isotonic DSCG solution were measured by compressed air for 5 min during tidal breathing with the
osmometer (OSMOSTAT, Model OM-6020; Daiichi- use of a noseclip. The nebulizer output was 0.2 mL-min!,

Kagaku Co. Ltd, Tokyo, Japan). The osmolarity ranged and mass median particle diameter was 4.5 pm.
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Study 2. The same solutions as used in Study 1 were
inhaled by ultrasonic nebulizer (Devilbiss model 100 HJ),
which generated an aerosol with a mass median particle
diameter of 3 pm. Because of the higher output of the
ultrasonic nebulizer, 4 mL of each solution was prepared
for nebulization. Average output of the ultrasonic nebu-
lizer were 1.2 mL-min‘!, and inhalations were performed
for 2 min. Each subject was instructed to inhale the sol-
ution through a Hans-Rudolf 2-way valve (Model # 2600,
Kansas City, USA) by tidal breathing with a noseclip.

Exercise challenge. Exercise challenges were performed
on a cycle ergometer (Bosch Erg 551, Germany) for 6 min
at 15 min after inhalation. The workload was set at 2.4
W-kgl. During exercise, subjects wearing a face mask
breathed compressed dry air (water content less than 1%)
through the Hans-Rudolf 2-way valve from a Douglas
bag reservoir. Minute ventilation (V'E) and oxygen con-
sumption (V'o,) were measured continuously breath-by-
breath (Sensor Medics, MMC 4400 TC), and heart rate
was also monitored during exercise. Averaged V'E and
V'o, for the last 4 min and maximum heart rate during
exercise were considered as indices to ascertain that a
similar workload was given during challenges with dif-
ferent pretreatments. V'E was corrected for individual pre-
dicted forced expiratory volume in one second (FEV1)
and V'o, was, corrected for body weight. The FEV1 was
measured before inhalation, before exercise, and 5 and 15
min after exercise using a spirometer (Model AS-500;
Minato Medical Science Co. Ltd, Osaka, Japan). Because
the maximum drop in FEV1 has been observed 5-10 min
after exercise in the previous studies [13, 14], values of
FEV1 5 and 15 min after exercise were used for evalu-
ation of EIB and recovery from EIB. The percentage fall
in FEV1 after exercise challenge was calculated as fol-
lows:

% fall in FEV1 at 5 or 15 min = (FEV1 before
exercise - FEV1 at 5 or 15 min after exercise) / FEV1
before exercise x 100

Maximum % fall in FEV1 = (FEV1 before exercise -
lowest FEV1 after exercise) / FEV1 before exercise x 100

Statistical analysis

Results are expressed as meantsp. Data were compa-
red by analysis of variance (ANOVA) with two factors
to test whether the percentage fall in FEV1 and the diffe-
rent treatments would significantly affect the measured

variables. When a significant F-ratio was obtained, the
difference between the means was isolated with the
Scheffe's multiple comparison test. All tests were two-
tailed. A p-value of less than 0.05 was considered to
indicate a statistically significant difference.

Results

Individual spirometric data (FEV1) obtained before
inhalation and exercise are presented in tables 1 and 2.
There were no significant differences in baseline FEV1
(i.e. before inhalation) among the different treatment
groups in either study. Baseline FEV1 was not signifi-
cantly changed after the inhalation of normal saline, hypo-
tonic DSCG solution, or isotonic DSCG solution. There
were no significant differences in FEV1 before exercise
among the different treatment groups. Maximum heart
rate, V'E, and V'0o, measured during exercise are sum-
marized in table 3. There were no significant differences
in these parameters during exercise between the differ-
ent treatment groups in both studies.

The percentage fall in FEV1 at 5 and 15 min after
exercise in each subject are shown in tables 1 and 2.
Mean values for percentage fall in FEV1 at 5 and 15 min
after exercise with the inhalation of normal saline (con-
trol) were 28.6+14.5 and 22.4+17.8% in Study 1, and
38.4421.6 and 28.1+28.0% in Study 2, respectively. One
of nine subjects (No. 5) in Study 2 showed a marked fall
in FEV1 5 min after exercise with normal saline (72.8%),
and he was unable to perform spirometry at 15 min after
exercise. In both studies, the administration of hypotonic
or isotonic DSCG significantly reduced the EIB compa-
red with normal saline at 5 min after exercise. No signi-
ficant difference was observed between normal saline
and isotonic DSCG 15 min after exercise in Study 2.
There were no significant differences between the hy-
potonic and isotonic DSCG at any time (tables 1 and 2).

After the inhalation of hypotonic or isotonic DSCG by
ultrasonic nebulizer (Study 2), four of the nine subjects
(Nos. 3-6) showed considerable differences in protec-
tive effect against EIB. In two of the four subjects, the
protective effect of hypotonic DSCG was less than that
of isotonic DSCG and the reverse was true in the other
two subjects. Hypotonic and isotonic DSCG adminis-
tered by jet nebulizer (Study 1) provided similar pro-
tective effects in all subjects, the differences in maximum
percentage fall between hypotonic and isotonic DSCG
being within 15%.

In the normal saline group, the maximum percentage
fall in FEV1 in Study 1 and 2 was 31.3£15.2 and

Table 3. — Heart rate, ventilation and oxygen uptake during exercise challenge
Study 1 Study 2
Group fC.max V'Efpred FEV1 V'o,/kg fC.max V'E/fpred FEV1 V'o,/kg
beats-min’! L-min"!-L-1 L-min-!-kg! beats-min-! L-min-!-L-! L-min-!-kg!
Control (saline) 175+6.6 18.9+2.5 35.5%7.7 18248.5 28.5%3.3 44.845.5
Hypotonic DSCG 174£7.7 19.242.9 34.7+7.1 181£7.2 27.943.5 442451
Isotonic DSCG 17246.9 19.242.8 35.1£6.1 18248.1 28.8£3.5 43.8+4.9

Values are presented as meantsp. No significant differences were observed between groups. V'E was corrected for predicted (Pred)
FEV1 and V'o, was corrected for body weight. fCmax: maximum cardiac frequency; V'e: minute ventilation; FEV1: forced expira-
tory volume in one second; DSCG: disodium cromoglycate; V'0,: oxygen consumption.
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Maximum fall in FEV1 %

Normal saline Hypotonic DSCG  Isotonic DSCG

b) p<0.05

80+ T p<0.05 NS '
| [ 11 1

Maximum fall in FEV1 %

Normal saline  Hypotonic DSCG Isotonic DSCG

Fig. 1. — Maximum percentage fall in FEV1 after exercise challenge:
a) in Study 1; and b) in Study 2. Data are expressed as meantsp. Two-
way ANOVA: F=28.51; p=0.0001 (Study 1); F=6.93; p=0.007 (Study
2). Scheffe's multiple comparison test: p<0.05 as compared to normal
saline group. FEV1: forced expiratory volume in one second; DSCG:
disodium cromoglycate; ANOVA: analysis of variance; Ns: nonsignifi-
cant

40.9+23.8%, respectively (fig. 1). Both hypotonic and is-
otonic DSCG significantly reduced the maximum per-
centage fall in FEV1, (9.14£8.8 and 8.7£8.8% in Study 1,
20.1£17.7 and 21.0£15.9% in Study 2, respectively). No
significant differences between the two DSCG solutions
were observed in the two studies.

Discussion

A previous study had shown that nebulized isotonic
DSCG provided better protection against exercise- and
methacholine-induced bronchoconstriction than hypo-
tonic DSCG [8]. As the standard, commercially availa-
ble DSCG solution is hypotonic, it is important to know
whether an isotonic DSCG solution should be used in
the clinical management of asthma.

The present study shows that a change in the osmola-
rity of the DSCG solution to isotonicity, did not afford
additional protection against EIB. Because hypotonic
DSCG is as effective as isotonic DSCG solution, it seems
unlikely that the effect of DSCG on target cells, such as
mast cells in the airways, could be reduced by a hypoos-
molar stimulus during inhalation. An ultrasonic nebuliz-
er has a greater influence on the osmolarity load in airways
compared with a jet nebulizer because it produces dense
aerosols and a higher output. However, our results obtain-
ed by jet nebulizer and ultrasonic nebulizer showed no
difference between isotonic and hypotonic DSCG. It has
also been reported that inhalation of a hypotonic stimul-
us, such as distilled water, produces bronchoconstriction
in asthmatic subjects [15-17]. However, in the present
study, inhalation of aerosolized hypotonic DSCG soluti-
on generated by ultrasonic nebulizer did not produce a sig-
nificant fall in FEV1. Therefore, it is less likely that the
effect of DSCG was influenced by the osmolarity of the
solution. The reason that hypotonic DSCG did not cause
bronchoconstriction may be that DSCG itself can protect
against distilled water induced bronchoconstriction [9,
18].

Evaporative cooling, which can increase the osmola-
rity of droplets, has been demonstrated with a jet nebu-
lizer [11]. The aerosol of normal saline generated by a
jet nebulizer may lead to bronchoconstriction due to a
hypertonic stimulus. However, we observed no signific-
ant difference in pulmonary function before versus after
the inhalation of normal saline administered by a jet ne-
bulizer. The effect of evaporative cooling on the osmo-
larity of aerosols seemed to be minimal in the present
study although osmolarity of the solution in the nebu-
lizer bowl was not measured during inhalation.

In Study 2, when an ultrasonic nebulizer was used,
four of nine subjects showed a considerable difference in
the protective effect obtained against EIB between isoto-
nic and hypotonic DSCG. Differences in maximum per-
centage fall in FEV1 ranged 15.5-30.7% in those subjects.
Differences in maximum percentage fall in FEV1 between
isotonic and hypotonic DSCG were small in Study 1
when a jet nebulizer was used for inhalation, ranging
1.3£13.7%. Why the protective effects of inhaled isoto-
nic and hypotonic DSCG with ultrasonic nebulizer were
more variable compared with the effects of a jet nebu-
lizer is unknown. It may be explained by differences in
the subjects in Studies 1 and 2. More severe cases of
EIB were thought to be enrolled in Study 2 because the
magnitude of EIB was greater in that study. Also, the
variability in protective effect against EIB in Study 2
could explain why isotonic DSCG did not produce sig-
nificant protection against EIB compared with normal
saline at 15 min after exercise. Further study is needed
to compare the protective effects of hypotonic DSCG
solution delivered by different nebulizers to the same
subjects.

As lung function was measured only 5 and 15 min
after exercise, results evaluated by maximum percentage
fall in FEV1 may not be accurate because of subjects
presenting further decrease of FEV1 after 15 min. After
the inhalation of hypotonic or isotonic DSCG, however,
there were only a few subjects who developed a further
decrease of lung function toward 15 min after exercise
and there were no significant differences in percentage
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fall at 15 min between isotonic and hypotonic DSCG in
either study. Therefore. it seems unlikely that isotonic
DSCG is more effective against delayed bronchocon-
striction after 15 min than hypotonic DSCG.

The discrepancy between the present results and those
of WEINER ef al. [8] could be explained by differences
in the inhalation devices or in the methods of exercise
challenge. The water content of the inspired air during ex-
ercise reportedly modifies the magnitude of EIB [18, 19].
Free running was the exercise in the study by WEINER et
al. [8], whilst in the present study a cycle ergometer with
dry air was used, which can provide more accurate and
constant exercise. The workload and humidity of air in-
spired during exercise might have been variable in the
study by WEINER ef al. [8]. In their study, the average
maximum percentage fall in FEV1 after inhalation of
normal saline was about 25%: it was 31.3% in the pres-
ent Study 1 and 40.9% in Study 2. Therefore, it is possi-
ble that the severity of EIB may have affected the results.

We conclude that hypotonic and isotonic solutions of
disodium chromoglycate have similar efficacy in provi-
ing protection against exercise-induced bronchospasm.
Hypotonic disodium cromoglycate is thought to be clini-
cally effective for preventing exercise-induced broncho-
spasm and treating children with bronchial asthma.
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