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The effects of the inhaled corticosteroid budesonide and the oral long-acting [3-agonist
bambuterol on circadian variation of blood eosinophil numbers, serum levels of eosinophil
cationic protein (ECP), serum eosinophil chemotactic activity (ECA), and serum neutrophil
chemotactic activity (NCA) were studied in two groups of patients with allergic asthma. Group /
(n = 8) had a circadian variation of peak expiratory flow (PEF) 15% or greater, and group 2
(n = 9} had a circadian PEF variation less than 15%. Both groups were randomized and
crossover treated for 4 weeks with (A) 0.4 mg budesonide at 8 am and 8 pM, (B) 20 mg
bambuterol at 8 pM, and (C) placebo. At the end of each pesiod blood eosinophil numbers,
ECP, ECA, and NCA were measured during 24 hours at 4-hour intervals. No significant
differences in the inflammatory parameters could be observed between the groups, although
eosinophil numbers tended 1o be higher in group | than in group 2. Highest eosinophil numbers
were observed at night. Budesonide reduced both eosinophil numbers and ECP levels, especiallv
at night; bambuterol had no effect on both variables. No circadian variation or treatment effects
were observed for ECA and NCA. This study suggests a role for the eosinophil in the nocturnal
worsening of asthma, and it demonstrates that budesonide produces, in contrast to bambuterof.
a reduction of (nocturnal) eosinophil numbers and activity. (J ALLERGY CLIN IMMUNOL.
1992:90:757-65.)
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Nocturnal worsening of symptoms is a common
feature in asthma and is thought to be related to a Abbreviations used
nocturnal increase in airway responsiveness. ' Inflam- ECP:  Eosinophil cationic protein
matory mechanisms are thought to contribute to air- PEF:  Peak expiratory flow N
way responsiveness, and in particular the eosinophil FEV,: Forced expiratory volume in 1 secon
H ; 5.6 ay PC,,: Provocative concentration of histamine caus-
is regarded as an important effector cell.> ® Evidence " ing 20% fall in FEV
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f(?r a role of eqsmophlls in nocturnal worsening of Eosinophil chemotactic activity
airway responsiveness .stems. fr(?m the presence of Neutrophil chemotactic activity
higher numbers of eosinophils in blood and bron- :
choalveolar lavage at night than during daytime.” ® In
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creased numbers of eosinophils and other inflamma-
tory cell types in bronchoalveolar lavage at night.”
At this time, treatment of nocturnal symptoms of
asthma includes inhaled corticosteroids and long-act-
ing @-agonists.”"” Inhaled corticosteroids may
reduce eosinophil numbers and levels of eosinophil
cationic protein (ECP) in blood or bronchoalveolar
lavage.'*'* The studies on B-agonists are less conclu-
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sive. Dahl and Venge' reported a reduction of blood
eosinophil counts and serum ECP during treatment
with oral salbutamol. Other investigators measured
after a wash-out period on treatment with (3-agonists
and found no effects on eosinophil numbers or ECP
in blood or bronchoalveolar lavage.'® '® So far, how-
ever, effects of antiasthma treatment on circadian pat-
terns of number, activity, and chemotaxis of eosino-
phils have not been reported.

The goals of this study were to compare circadian
patterns of eosinophil numbers, activity, and che-
motaxis in two groups of patients with allergic asthma,
selected on a large (=15%) and a small (<15%) vari-
ation of peak expiratory flow (PEF), and to investigate
the effects of the inhaled corticosteroid budesonide
and the oral long-acting B-agonist bambuterol on these
patterns.

MATERIAL AND METHODS
Patients

We have prospectively selected two groups of patients,
between 18 and 40 years of age, on PEF variation. Group
1 consisted of eight subjects with a circadian PEF variation
15% or greater, the nine subjects of group 2 showed a
variation less than 15% (see section on data analysis). All
patients had complaints of episodic wheezing consistent
with the diagnosis of asthma, and they were clinically stable,
without an exacerbation during 2 months before the study.
Furthermore, they were selected on (1) positive allergy for
house dust mite (positive skin test and elevated specific IgE),
(2) forced expiratory volume in one second (FEV,) greater
than 60% of the predicted value,” and (3) airway hyper-
responsiveness, defined as a provocative concentration of
histamine that caused a 20% fall in FEV, (PC,,) of less than
8 mg/ml.

Study design

Run-in period. Possible participants started with a 2-
week, single-blind run-in period in which they used placebo
inhalations by Turbuhaler (Astra Draco AB, Lund, Sweden)
at 8 am and 8 pM, and placebo tablets at 8 pm. Inhaled
antiinflammatory drugs, including corticosteroids, cromo-
glycate, and nedocromil, were not allowed from 2 weeks
before run-in. The only concomitant pulmonary medication
was ipratropium by metered dose inhaler (Atrovent, Boeh-
ringer, Ingelheim, Germany), which was allowed when nec-
essary. PEF measurements were performed every 4 hours
on the last 3 days of the run-in period to determine circadian
variation. Only PEF measurements made at least 4 hours
after previous ipratropium inhalation were used for calcu-
lations. Subjects were assigned to group 1 if the mean PEF
variation was 15% or greater, and if PEF variation was 15%
or greater on at least 2 of the 3 days. Assignment to group
2 took place if PEF variation was less than 15% on all 3
days. Subjects who fulfilled the selection criteria at the end
of the run-in period were enrolled in the double-blind part
of the study.
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Double-blind periods. After enrollment subjects were
treated in randomized order, double-blind and crossover
during 4 weeks with (A) budesonide (Pulmicort, Astra
Draco AB), two inhalations by Turbuhaler of 0.2 mg at
8 aMm and 8 pMm (0.8 mg daily), and placebo tablets at 8 pMm,
(B) placebo inhalations at 8 Am and 8 pPM and a bambuterol
tablet (Bambec, Astra Draco AB) of 20 mg at 8 pM, and
(C) placebo inhalations at 8 AM and 8 pm and a placebo
tablet at 8 Pm. As in the run-in period, ipratropium was the
only allowed concomitant pulmonary medication.

At the end of each period subjects were hospitalized for
3 days. They arrived at the clinic at 8 pm (day 1). Blood
samples for eosinophil count and determination of ECP and
chemotactic activity for eosinophils (ECA) and neutrophils
(NCA) were taken during 24 hours at 4-hour intervals from
8 AM (day 2) until 8 am (day 3). All trial medication was
continued during the hospitalization, and the use of ipra-
tropium was not allowed.

The study was approved by the hospital medical ethics
committee, and written informed consent was obtained be-
fore the start of the study.

Laboratory techniques

Blood eosinophil numbers were counted in a Biirker
chamber after staining with eosine, reference values being
0 to 400 - 10°/1. Leukocyte counts were performed with a
Counter Counter, model S-plus VI (Coulter Electronics,
Hialeah, Fla.).

Serum for measurement of ECP, ECA, and NCA was
prepared after coagulation of the blood for { hour at room
temperature. The supernatant was centrifuged twice for 10
minutes at 2000 g to eliminate any remaining cells and stored
at —70° C until analysis. ECP was determined by radio-
immunoassay.” Chemotactic activity of the serum on eo-
sinophils and neutrophils was assayed as described previ-
ously,”** by means of the leading-front method. Unfortu-
nately, several serum samples were defrosted during
transport to Sweden, where analysis of ECP, ECA, and NCA
took place. Results from these samples were not included
in the analysis. Serum samples were available of 16 (pla-
cebo), 15 (budesonide), and 15 (bambuterol) subjects for
determination of ECP. The available samples for measure-
ment of chemotactic activity were 16 (placebo), 14 (bu-
desonide), and 15 (bambuterol).

Pulmonary function tests

FEV, was measured with a Microspiro HI-298 dry spi-
rometer (Chest, Tokyo, Japan); the best of three measure-
ments was used for analysis. Airway responsiveness was
measured according to the method described by Cockcroft
et al.” with use of a Wiesbadener Doppel nebulizer (Wies-
badener Inhalatoren-Vertrieb, Wiesbaden, Germany) with
an output of 0.12 ml/min. A 0.9% phosphate-buffered sa-
line solution and doubling histamine diphosphate concen-
trations from 0.03 to 16 mg/ml were inhaled for 2 minutes
at 5-minute intervals. The test was stopped when FEV, had
fallen by 20% from the presaline value, and PC,, was cal-
culated by linear interpolation of the last two points of the
log-dose response curve.
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TABLE I. Subject characteristics after run-in
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Variation
Age Smoking FEV, FEV, PC,, histamine of PEF Treatment before
(yr) Gender status (1) %pred {mg/ml) (%)* study
Group 1: PEF variation =15% ¥
1 21 m n 5.25 117 2.22 29.7 ha
2 29 f n 2.35 96 1.27 31.4 N
3 40 m e 2.00 59 0.82 26.7 ic.ba
4 20 m n 3.10 62 0.59 271 ic.ba
5 28 f ¢ 2.00 65 0.25 40.0 cr.ic,ka
6 29 m ¢ 3.65 74 .46 37.5 ic.ac.ha
7 21 f n 2.70 70 0.43 16.4 ba
8 21 m n 3.55 78 0.13 21.7 crac ha
fmean 26 3.08 77.5 0.55 26.5
Group 2: PEF variation <15%
9 22 m [$ 4.15 86 1.42 9.8 ba
10 39 m n 4.30 [11 [.23 5.8 cr,ic,ac,ba
11 29 f n 3.70 117 1.19 10.5 cric,ba
12 18 m n 3.00 81 0.93 8.5 CraC,ae
13 24 m n 4.00 83 7.51 3.0 ha
14 22 f n 2.60 83 0.42 4.7 or,ac
15 19 m n 3.30 80 2.78 5.3 ba
16 18 f n 3.00 102 2.30 7.1 ba
17 25 m n 4.50 91 1.53 6.4 cric,ac
fmean 24 3.62 92.5 1.57 7.2

f. Female; m, male; e, exsmoker; n, nonsmoker; ¢r, cromoglycate or nedocromil; ic. inhaled corticosteroids: ac, ipratropium bromide; ba,

inhaled (3-agonists.
*PEF,pm ~ PEF,;pm)/PEF,pm - 100%.
tp < 0.05 from ¢ test for comparison of groups.
tGeometric mean for PC,,.

Data analysis

Circadian PEF variation was calculated according to the
formula: (PEF, s — PEF, s)/(PEF, ) *+ 100%. Circadian
amplitude in eosinophil numbers, ECP, ECA, and NCA was
defined as the difference between 4 pm and 4 am. Multi-
variate analysis of repeated measurements (MANOVA) was
applied to test whether these amplitudes were different from
zero (within-subject factor time) and whether they were
different between the groups (between-subject factor study
group). Effects of treatment were also evaluated with
MANOVA: models included the between-subjects factor
study group, the within-subjects factor treatment, and the
two-way interaction between study group and treatment.
The interaction factor was used to test the presence of dif-
ferent treatment responses in the two groups. Paired ¢ tests
were used for comparisons between treatments in case of a
significant treatment effect. Differences between groups in
baseline characteristics and in variables at specific time
points were tested with Student’s ¢ tests for unpaired and
paired data, respectively. Twenty-four-hour mean values for
leukocytes and ecosinophils were logarithmically trans-
formed before analysis to normalize the distribution. Results
from parametric analyses were checked with nonparametric
tests (Mann-Whitney U test for unpaired data, and Wilcox-

on’s signed rank sum test for paired data). We considered
a p value of <0.05 to be significant. Data are presented as
means (SEM). For analyses we used SPSS/PC+. V4.0
(SPSS Inc., Chicago, 1il.).

RESULTS
Differences between the groups

Baseline characteristics. Baseline characteristics of
the subjects are listed in Table I; group | was more
responsive to histamine (p = 0.02) and had lower
values of FEV, (p = 0.09) than group 2 after run-
in. All subjects completed the study.

During the placebo period. Individual 24-hour
mean values for eosinophil numbers and ECP levels
during placebo are plotted in Fig. | (eosinophils) and
Fig. 2 (ECP). It appeared that group 1 had somewhat
higher eosinophil numbers and ECP levels than group
2, especially at night (Fig. 3). However, differences
between the two groups in 24-hour mean values or at
specific time points, for example, at 4 AM, were not
statistically significant. In addition, no significant dif-
ferences were observed for ECA and NCA.
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FIG. 1. 24-hour mean individual blood eosinophil numbers
during the placebo (pl/ac), budesonide fbud), and bam-
buterol (bamb) period. Horizontal lines: geometric mean
group value. Closed circles: group 1 (PEF variation =15%);
open circles: group 2 (PEF variation <15%).

Response to treatment. No statistically significant
difference in treatment response in the two groups
was observed for any of the studied variables. Mean
data are therefore presented for all 17 subjects in the
text, table, and figures.

Circadian variation during placebo

Circadian amplitude of eosinophil number for all
17 subjects (Fig. 4) was 109 (39) - 10°/1, which was
significantly different from zero (p = 0.012). The
circadian amplitude of ECP levels (Fig. 5) was 9.1
(7.8) mg/L, which was not different from zero; the
change from noon to midnight was not statistically
significant. Leukocyte numbers were lower at 4 PM
(7.53 [0.59] - 10°/1) than at 4 am (8.02 [0.46] -
10°/1), the difference, however, not being significant.
No significant circadian amplitudes were observed for
ECA (5.0 [5.2] %, Fig. 6) and NCA (—4.3 [6.0] %,
Fig. 7).

Effects of treatment (Table )

Treatment was a statistically significant factor in
the analysis of 24-hour mean eosinophil numbers
(p < 0.001) and ECP levels (p = 0.003). Budeso-
nide reduced 24-hour mean eosinophil numbers, com-
pared with placebo (p = 0.002) and bambuterol
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FIG. 2. 24-hour mean individual serum ECP levels. Sym-
bols as in Fig. 1.

(p < 0.001). In addition, budesonide produced a re-
duction in 24-hour mean ECP levels, compared with
placebo (p = 0.02) and bambuterol (p = 0.001).
Eosinophil numbers and ECP levels during bambu-
terol did not differ from those during placebo. Twenty-
four-hour patterns after treatment are plotted in Fig.
4 (eosinophils) and Fig. 5 (ECP). The observed re-
duction in eosinophil numbers by budesonide was
also significant at 4 AM, compared with placebo
(p = 0.001) and bambuterol (p = 0.001). No sig-
nificant treatment effects were observed for ECA (Fig.
6) and NCA (Fig. 7).

DISCUSSION

This study was carried out to investigate 24-hour
patterns of blood eosinophil numbers and serum levels
of ECP, ECA, and NCA. It demonstrates a circadian
variation in eosinophil numbers, with peak values at
night. The two groups did not significantly differ in
any of the studied inflammatory variables, although
the subjects with a large PEF variation tended to have
higher eosinophil numbers. The study further elicits
that budesonide reduced both 24-hour mean eosino-
phil numbers and ECP levels. Bambuterol had no ef-
fects on eosinophil numbers and ECP levels. No cir-
cadian variation nor treatment effects could be ob-
served for ECA and NCA.

The role of the eosinophil in asthma and airway
responsiveness is reasonably well established. The
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PEF variation:
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FIG. 3. Blood eosinophil numbers and ECP levels in the placebo period. Differences between
groups in the 24-hour means or at specific time points were not significant.

TABLE N. Effects of treatment on 24-hour mean blood leukocyte and eosinophil count and serum

levels of ECP, ECA, and NCA*

Significant differences
Placebo Budesonide Bambuterol between treatmentst
Leukocyte count (*10°/L)% 7.0 (4.3-11.4) 7.2 (5.1 -10.3) 7.2 (4.8 - 10.8)
Eosinophil count (*10°/L)% 372 (212 - 1496) 202 (73 - 559) 419 (251 - 698) bud-plac; bud-bamb
ECP (pg/L) 30.5(5.8) 15.2 (2.4) 29.5 (4.5) bud-plac; bud-bamb
ECA (% of control) 99.4 (3.5) 103.4 (2.9) 100.2 (2.9)
NCA (% of control) 105.4 (2.5) 108.6 (2.8) 106.2 (2.3)

Bud, Budesonide; plac, placebo; bamb, bambuterol.
*Mean (SEM).

tStatistically significant differences between treatments in case of a significant treatment cffect in MANOVA.

$Geometric mean (95% range).

number of eosinophils is increased in blood and bron-
choalveolar lavage fluid of asthmatic patients,**° and
is related to lung function,” level of airway respon-
siveness,™ and symptom scores.”® Higher levels of
eosinophil cytotoxic proteins, such as major basic pro-
tein and ECP, are found in asthmatic patients in bron-
choalveolar lavage fluid and serum,'® *** compared

with normal controls. Higher levels of ECP are
associated with lower PEF and worse symptom
scores.”® ** And recently, inhalation of major basic
protein has been shown to increase airway respon-
siveness in monkeys.*' Moreover, increased chemo-
tactic activity on eosinophils in serum (ECA) has been
demonstrated in situations of increased airway re-
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FIG. 4. Blood eosinophil numbers of all 17 subjects during
the placebo (circle), budesonide (square), and bambuterol
(triangle) period.

sponsiveness, that is, after allergen challenge and dur-
ing the pollen season.” **

Two findings in our study suggest that the eosin-
ophil contributes to the nocturnal worsening of
asthma. First, the observed 24-hour variation of eo-
sinophil numbers with highest levels occurring at night
are a mirror image of the patterns of lung function
and airway responsiveness that have been demon-
strated before.*" 3 And second, the group with a larger
nocturnal fall in PEF (group 1) has higher eosinophil
numbers and levels of ECP at 4 AM than group 2. This
difference between the two groups is in our study not
statistically significant, probably because of a large
between-subject variation, but may be of clinical rel-
evance. In this respect, several endogenous and ex-
ogenous mechanisms are likely to contribute to the
nocturnal increase in inflammatory activity. The noc-
turnal dip in endogenous cortisol levels and (3-adren-
ergic activity may result in larger inflammatory re-
sponses.’** In addition, exposure to allergens may be
increased at night as mattress and bedding usually
contain considerable amounts of house dust mites.

So far, data are scarce on the effect of treatment
on the eosinophil. In general, corticosteroids reduce
the number of peripheral eosinophils.'* * This reduc-
tion may be a consequence of dampening of inflam-
matory processes in the airways, or a systemic side
effect. Budesonide has probably no or very little sys-
temic action in the administered dose (0.8 mg), as
measured in bone turnover, adrenal function, or white
blood counts.*** Moreover, the amount of blood leu-
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FIG. 5. ECP levels of the available samples of all subjects
during the placebo (circle), budesonide (square), and
bambuterol ftriangle) period.

kocytes, which tends to increase after oral glucocor-
ticosteroids, is unchanged after budesonide. A local
effect of inhaled corticosteroids is therefore more
likely. Gibson et al.* found a reduction in circulating
progenitors of eosinophils and basophils in subjects
who had recovered from an asthma exacerbation with
use of inhaled corticosteroids and suggested a reduced
production in the airways of colony-stimulating fac-
tors, such as IL-5 and granulocyte-macrophage col-
ony-stimulating factor, which leads to reduced num-
bers of circulating eosinophils. If an inhaled corti-
costeroid acts in this way, its effect is remarkably fast
as suggested by the decrease in eosinophil numbers
in our subjects 4 hours after each inhalation.

The precise mechanism of corticosteroid action on
eosinophil activity is as yet unknown. Eosinophils
possess glucocorticosteroid-receptors,*® but it has
been suggested that the effect of corticosteroids is
indirect by influencing other cell types contributing to
the inflammatory responses.*® The decrease in ECP
levels by budesonide in our study is in agreement with
previous studies.'s*-*® Our results suggest, however,
that budesonide reduces not only mean ECP levels,
but especially the nocturnal values (Fig. 5), which is
an important finding from clinical viewpoint.

The action of B-agonists on eosinophil number and
activity is as yet not clear. In our study, bambuterol
has no effect on eosinophil number, which agrees with
other studies on B-agonists.'® '® In these latter studies,
however, eosinophil counts in blood or bronchoal-
veolar lavage fluid were performed after wash-out of
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FIG. 6. ECA levels of the available samples of all subjects
during the placebo (circle), budesonide (square), and
bambuterol (triangle) period.

the last dose of (inhaled) terbutaline. In contrast, Dahl
and Venge'’ reported a reduction in eosinophil count
during treatment with oral salbutamol. In our study
bambuterol has no statistically significant effect on
ECP, although a slight reduction in ECP level seems
to occur at midnight and 4 AM. This nocturnal effect
agrees with data of Dahl and Venge,'” who reported
some effect of oral salbutamol on ECP levels in serum.
In addition, Adelr6th et al.' recently reported a small
but not significant reduction of ECP levels in bron-
choalveolar lavage fluid by terbutaline. A modulation
of eosinophil activity by [-agonists is not or only
marginally supported by in vitro and guinea pig model
studies: (B-agonists have some or no effect on che-
motaxis of eosinophils,*> ** no effect on phagocyto-
sis,” and do not inhibit the production of oxygen
radicals and eosinophil peroxidase.’’ More research
is needed to elucidate direct or indirect effects of B-
agonists on eosinophil activity.

Changes in ECA and NCA have previously been
demonstrated after allergen challenge and during the
pollen season.”” ** 5 ** Moreover, increases in ECA
and NCA were blocked by immunotherapy and treat-
ment with terbutaline.*'-* These findings suggest that
relatively large changes in allergen load may be re-
quired for measurable changes in ECA and NCA, and
the absence of a 24-hour variation in ours and one
other study (for NCA**) may be due to too smail
changes in allergen load over the day. The measure-
ments in our study were performed during 36 hours
in the hospital, and measuring in home conditions with
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FIG. 7. NCA levels of the available samples of ail subjects
during the placebo (circle), budesonide (square), and
bambuterol (triangle) period.

different allergen loads might have provided different
results.

In conclusion, eosinophils are likely to contribute
to the nocturnal worsening of asthma and may be an
important target of intervention. In this respect, the
inhaled corticosteroid budesonide reduces both eosin-
ophil number and ECP levels, whereas the B-agonist
bambuterol has no effect on these two variables.

The authors thank Mr. M. Boorsma for expert advice and
comments during the study, Mrs. Y. Oosterhoff for her
comments on the manuscript, and Mr. E. Malmquist (Lund,
Sweden) for his help with the statistical analysis.
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IgE and adenosine 5' triphosphate receptors
on immature murine mast cells are
functionally linked to signal

transduction mechanisms

Gian Luigi Rossi, MD, An Yen, MD,” and Kim Elaine Barrett, PhD

San Diego. Calif.

Calcium mobilization in response to IgE-receptor cross-linking by antigen was assessed in
immature murine mast cells cultured from bone marrow to determine whether the early

expression of IgE receptors on such cells may be of functional significance. IgE receptors were
expressed by approximately 30% of cells after 1 week in culture and by an increased proportion
at 2 and 3 weeks. The ability of a non-IgE-dependent stimulus, adenosine 5' triphosphate
(ATP), to increase intracellular calcium in these cells was also tested. Calcium mobilization in
large numbers of individual cells was monitored with use of a fluorimetric reagent and flow
cytometry. Both antigen and ATP had significant effects on intracellular calcium in ceils
cultured for as little as 1 week with interleukin-3, when few cells exhibited morphologic or
Sfunctional chracteristics of mast cells. Longer times in culture were associated with an increase
in the proportion of cells responding to these stimuli with calcium mobilization, but not with
change in the magnitude of the response. We conclude that the early expression of IgE receptors
during mast cell development may be functionally significant, since these receptors appear to be
linked to cellular signal transduction mechanisms. The data additionally imply a possible role

for ATP in mast cell development. (J ALLERGY CLIN IMMUNOL 1992;90:765-71.)
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New aspects of mast cell biology have recently been
elucidated, supporting the opinion that mast cells
could play important roles in normal physiology in
addition to their well-recognized involvement in dis-
ease.! Although a body of data exists regarding the
biologic activity of mature mast cells and the various
stimuli and factors that lead to mast cell differentia-
tion, growth, and activation,' comparatively little is
known about the functional capabilities of immature
mast cells or mast cell precursors undergoing differ-
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