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Background: Inhaled corticosteroids are effective in the treatment of asthma and reduce 
bronchial hyperresponsiveness. We examined the effect of inhaled budesonide (1600 pglday for 
14 days) on the number and density profile of peripheral blood eosinophils in 10 patients with 
mild stable asthma in a double-blind, placebo-controlled, crossover trial. 
Methods: At the end of each study period, blood was collected immediately before measurement 
of bronchial responsiveness calculated as the concentration of methacholine causing a 20% ,fall 
in forced expiratory volume in 1 second (PC,,). Plasma leukocyte suspension obtained after 
sedimentation of blood with 46% dextran was layered on a Percoll continuous-density gradient. 
After centrifugation, 20 sequential aliquots of increasing density gradients were removed for 
differential counts. Eosinophils recovered from density of gradients less than 1.080 gmlml were 
de$ned as hypodense. 
Results: Budesonide treatment resulted in a fall in mean eosinophil count from 
0.37 ? 0.05 X lo9 L-’ after placebo to 0.16 2 0.03 x IO9 L-’ (p < 0.01). A sign$cant 
reduction occurred in the hypodense eosinophil population from 51.6% rfr 4.3% after placebo 
to 38.1% + 3.1% after budesonide (p < 0.05). Mean log PC,, increasedfrom -0.26 + 0.12 
after placebo to -0.004 ? 0.14 after budesonide (p < 0.01). 
Conclusion: We conclude that inhaled steroid therapy reduces the number of circulating 
hypodense eosinophils, which is an effect that may underlie the improvement in bronchial 
hyperresponsiveness. (J ALLERGY CLIN IMMUNOL 1993;91:643-50.) 

Key words: Corticosteroids, eosinophils, eosinophil density, budesonide. bronchial 
hyperresponsiveness 

Inhaled corticosteroid therapy remains one of the 
most effective treatments for chronic asthma and re- 
duces bronchial hyperresponsiveness.‘4 Inhaled ste- 
roids have also been shown to inhibit the submucosal 
inflammation present in asthmatic airways, with a re- 
duction in the number of eosinophils and mast cells.’ 
Eosinophils may play an important role in asthma, 
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Abbreviations used 
FEV,: Forced expiratory volume in I second 
PC,,: Provocative concentration of metha- 

choline causing a 20% fall in FEV, 
PIPES: Piperazine-N,N’-bis(2-ethanesulfonic 

acid) 
HBSS: Hank’s balanced salt solution 

RI: Refractive index 
GM-CSF: Granulocyte-macrophage colony-stim- 

ulating factor 
IL-3, IL-5: Interleukin-3, interleukin-5 

and it has been postulated that eosinophils may release 
granule protein contents such as major basic protein 
and eosinophil cationic protein to cause cytotoxic 
damage to the airway epithelium in asthma.6 Recently 
eosinophils isolated from venous blood of patients 
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TABLE 1. Anthropometric details, baseline FEV,, airway responsiveness to methacholine, and total 
peripheral blood eosinophil count 

Subject 
no. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Gender Age 

M 21 
F 20 
F 20 
F 20 
M 34 
M 36 
M 22 
M 33 
M 46 
F 22 

FEV, (% 
predicted) 

98 
90 

100 
93 
80 

108 
92 

113 
93 
95 

Medication 

P2 
;: 

P* 

;: 
;: 

P2 
P2 

Methacholine Total eosinophil 
PC,, (mglmll count (x 10s/L) 

0.51 0.62 
0.35 0.45 
0.13 0.46 
0.40 0.40 
0.30 0.29 
2.23 0.14 
1.05 0.31 
2.57 0.22 
0.48 0.53 
0.33 0.57 

p2, Inhaled P,-adrenergic agonists. 

with asthma have been shown to consist of a more 
heterogeneous population in terms of their density pro- 
files. Thus up to 40% of peripheral eosinophils were 
found to be hypodense (density less than 1.080 
mg / ml) .7 It has been postulated that these eosinophils 
represent immature or “activated’ forms or a mixture 
of both types.’ Inhaled corticosteroid therapy inhibits 
the number of circulating venous eosinophils in 
asthma,3 and in vitro studies have shown that steroids 
inhibit the induction of human hypodense eosino- 
phils.9 In the present study we have examined whether 
inhaled corticosteroid therapy has any effect on the 
density profile of peripheral blood eosinophils ob- 
tained from asthmatic patients. In addition, we have 
examined the relationship between the changes in hy- 
podense eosinophils and the improvement in bronchial 
responsiveness induced by inhaled steroid therapy. 

MATERIAL AND METHODS 
Subjects 

Ten adult subjects with mild asthma who were non- 
smokers (6 men; age range, 20 to 46 years) gave informed 
written consent to participate in the study which was ap- 
proved by the Ethics Committee of the Royal Brompton 
National Heart and Lung Hospital (Table I). The study took 
place between the months of December and May 1989. All 
subjects were atopic according to positive results of skin 
prick tests to a range of common environmental allergens 
such as house dust mite and mixed grass pollen. Subjects 
had occasional symptoms that were controlled only by the 
use of inhaled B,-adrenoceptor agonists when necessary. 
Baseline forced expiratory volume in one second (FEV,) 
was greater than 80% predicted. All subjects had a periph- 
eral eosinophil count of greater than 10’ L-‘. At the time 
of entry to the study, asthmatic subjects had been stable 
over the previous 6 weeks. 

The study was double-blind, cross-over, and placebo- 
controlled. Five subjects were randomly allocated to receive 
inhaled budesonide (800 ug, twice a day; i.e., 1600 Kg per 

day) during the first treatment period of 14 days. The re- 
maining five subjects received a matched placebo inhaler 
during the first treatment period. Budesonide and matched 
placebo were inhaled with use of a multidose dry powder 
delivery system (Turbohaler; Draco AB, Division of Astra 
Pharmaceutical Production, Lund, Sweden). After a wash- 
out period of 4 weeks, the treatments were reversed for the 
second 1Cday treatment period. On the morning of the last 
day of each treatment period, 50 ml of venous blood was 
obtained, and airway responsiveness to methacholine was 
determined. Subjects were requested to refrain from using 
their E,-agonist inhalers or drinking caffeinated beverages 
for at least 8 hours before arriving in the laboratory. 

Quantification of white blood cell numbers 

Total white blood cell and differential count were per- 
formed on whole blood obtained for density analysis, and 
the fractions isolated from Percoll (Pharmacia Fine Chem- 
icals, Uppsala, Sweden) gradients with a Technicon H.l 
cell counter (Technicon Chemicals Company, Toumai, Bel- 
gium) . The cell counter defines different cell types by means 
of a peroxidase method of staining.” To establish the ac- 
curacy of the Technicon peroxidase method, initial samples 
were also quantitated with Kimura stain with a Neubauer 
counting chamber.” The coefficient of variation of the 
Technicon H.l system was less than 10%. 

Preparation of Percoll gradients 

A 1 L stock solution of Percoll sufficient for the whole 
study, with a density of 1.084 gm/ml, was prepared with 
piperazine-N,N’-bis(2-ethanesulfonic acid PIPES) buffer for 
the dilution of Percoll to maintain constant pH and osmo- 
larity according to the method of Fukuda et al.’ In brief, 
Percoll(500 ml; density, 1.130) was mixed with 45 ml X 10 
PIPES buffer and 12 ml of distilled water to form the heavy 
Percoll solution. One part of the heavy Percoll solution was 
mixed with nine parts of x 1 PIPES buffer to form the light 
solution. A Percoll solution was made to a density of 1.084 
gm/ml, as determined by a pyknometer (Arthur H. Thomas 
Co., Philadelphia, Pa.) by mixing the heavy and light so- 
lutions. The solution was sterilized by passage through a 



VOLUME 91 
NUMBER 2 

Evans et al. 645 

.? 1.080 - 
* 

.Z 
2 1.080 - 

ti 
1.040 - 

1.020 - 
I I I I I I I I I I I I I I I I I I I 

0 ; 2 3 4 5 6 7 8 9101~121314151617181920 

Fraction number 
FIG. 1. Density profile measured by a refractometer of 20 continuous fractions of a Percoil 
gradient prepared by centrifugation at 20,000 g for 15 minutes at 22” C. Gradient was used to 
determine density profile of eosinophils. Each point represents mean ‘-c SEM of four determi- 
nations. 

0.2 pm Millipore filter (Minisart N; Sartorius, Epsom, Sur- 
rey, U.K.) and stored at 4” C. Continuous gradients were 
prepared by centrifuging 10 ml of the 1.084 gm/ml Percoll 
solution in a polycarbonate tube at 20,000 g for 15 minutes 
at 22“ C. Four separate gradients per subject were prepared 
for each density profile analysis. 

Studies in our laboratory of healthy subjects demonstrated 
that peripheral blood eosinophils had densities that were 
predominently in the range of 1.08 1 to 1.095 gml ml, which 
is similar to that reported previously by other groups.‘, ** 
Therefore we defined eosinophils with density of less than 
1.080 as being hypodense. To account for the variability in 
eosinophil number between patients and the effect of drug 
treatment, the number of hypodense eosinophils was ex- 
pressed as a percentage of total eosinophils recovered on 
the Percoll gradients. In two asthmatic subjects, we found 
the density profile of peripheral blood eosinophils to be 
reproducible within a 2-week period on two repeated de- 
terminations. 

Fractionation of granulocytes 
Venous blood (50 ml) was collected into 10 ml acid citrate 

dextrose anticoagulant solution. Leukocytes were obtained 
by sedimenting 5 volumes of blood with 1 volume of 6% 
dextran 110 for 45 minutes at 22” C. The leukocyte-rich 
plasma was collected, centrifuged at 500 g for 15 minutes 
at 4” C, and resuspended to 4 ml. A 1 ml aliquot of the cell 
suspension was layered carefully onto each gradient and 
centrifuged (1600 g for 20 minutes at 22” C) in a swing- 
out rotor. After centrifugation 20 sequential 0.5 ml fractions 

containing dispersed granulocytes were collected from the 
bottom of the tube with a peristaltic pump connected to a 
microfractionator (FRAC-100; Pharmacia, Uppsala, Swe- 
den). One hundred microliter samples were taken from each 
fraction, and the density of the fraction was determined by 
measurement of its refractive index (RI) by means of a 
refractometer. The remaining 1.9 ml samples were diluted 
fivefold in Hank’s balanced salt solution (HBSS), centri- 
fuged at 200 g for 15 minutes at 4” C, and resuspended in 
200 ~1 HBSS for differential white blood cell counts with 
the Technicon H. 1 counter. 

Calibration of dansity gradients 
The relationship between the RI and the density of Percoll 

was established to enable the density of fractions obtained 
from the gradients to be determined by measurement of their 
RI as previously described.7 The density of eight different 
Percoll solutions was calculated with a 10 ml pyknometer, 
and RI of each solution was measured at 22” C with a 
refractometer (ABBE 60; Bellingham and Stanley Ltd., 
Tunbridge Wells, Kent). Density and RI demonstrated a 
positive linear relationship as described by the following 
equation: density = (RI - 1.182)/0.153 (r = 0.995). 
Each continuous gradient produced 20 fractions ranging in 
density from 1.027 to 1.137 gm/ml as shown in Fig. 1. 

Measurement of methacholine 
responsiveness 

Methacholine inhalation tests were performed by means 
of a standardized method. After measurement of baseline 
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Eosinophil Density (g/ml). 
FIG. 2. Density profiles of eosinophils recovered from venous blood of 10 asthmatic subjects 
after placebo treatment ( - - - - - ) and after treatment with inhaled budesonide f-1. Eosinophil 
counts are expressed as a percentage of total eosinophils recovered from Percoll gradients. 
Each point represents a measurement at that particular density fraction. Note that the scale for 
eosinophil density between 1.06 and 1.10 gm/ml has been expanded to allow for clarity of 
presentation of results. * indicate p < 0.05 for comparison between placebo and steroid treat- 
ment periods. Data shown as mean + SEM. 

FEV, with a dry wedge spirometer (Vitalograph, Buck- 
ingham, U.K.), each subject inhaled five breaths of 0.9% 
saline solution followed by five breaths of doubling con- 
centrations (0.125 to 32 mg ml-‘) of methacholine dissolved 
in 0.9% saline solution delivered at 3-minute intervals. The 
aerosols were generated with a nebulizer attached to a 
breath-activated dosimeter (MEFAR, Brescia, Italy). The 
output of the nebulizer was 9 mm’ per activated breath, with 
particle size of mean mass diameter of 3.5 p.m. The response 
of the FEV, to 0.9% sodium chloride and to increasing 
concentrations of methacholine was measured at 1 minute 
after each inhalation. A log-dose response was constructed, 
and the provocative concentration causing a 20% fall in 
FEV, (log PC,) was obtained by linear interpolation. 

Reagents 

The following drugs and chemicals were used: acetyl-B- 
methylcholine chloride (methacholine) (Sigma, Poole, Dor- 
set, U.K.), Percoll (Pharmacia Fine Chemicals, Uppsala, 
Sweden), and HBSS (Gibco, Paisley, U.K.). Kimura stain 
was prepared with reagents purchased from Sigma, U.K.* 
The composition of the PIPES buffer was 25 mmol/L pi- 
perazine-NJ’-bis(2-ethanesulfonic acid), 110 mmol/L 
NaCl, 5 mmol/L KCl, 40 mmol/L NaOH, and 5.4 mmol/L 
glucose (pH7.4) (Sigma, U.K.). Thecompositionoftheacid 

citrate dextrose was 85 mmol/L sodium citrate, 71 mmol/L 
citric acid, and 111 mmol/L glucose (Sigma, U.K.). 

Data analysis 

Data are reported as mean ? SEM. Differences in num- 
ber of white blood cells or in the log PC, to methacholine 
were analyzed with use of Student’s t test for paired samples. 
Differences in granulocyte density expressed as a mean den- 
sity or percent of cells in the hypodense range were com- 
pared with use of Mann-Whitney U-test. The change in 
number or percentage of hypodense eosinophils was as- 
sessed with use of the Wilcoxon signed rank-sum test. All 
correlations were assessed with use of Spearman regression 
analysis. To exclude the possibility of carryover effect in 
our crossover design, we tested for treatment-period inter- 
action.‘* All analyses were two-tailed, and the null hypoth- 
esis was rejected at p < 0.05. 

RESULTS 
Peripheral cell counts 

No significant difference occurred in the peripheral 
white cell count between placebo and budesonide pe- 
riods. Neutrophil, lymphocyte, and monocyte counts 
were also not significantly different. However, mean 
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FIG. 3. Hypodense eosinophils (with density Cl.080 as defined on buoyant density gradients of 
Percoll) expressed as a percentage of total eosinophils recovered from Percoll gradients in 10 
asthmatic subjects after placebo treatment and after treatment with inhaled budesonide. There 
was a significant reduced number of hypodense eosinophils after steroid treatment (p < 0.05). 

eosinophil count was lower during budesonide treat- 
ment period (0.16 +- 0.03 X lo9 L-‘) compared 
with placebo treatment period (0.37 + 0.05; 
p -=I 0.01). 

Eosinophil density gradients 

Recovery of eosinophils (expressed as a percentage 
of the total eosinophil count) was similar in the pla- 
cebo (50.7% + 0.9%) and in the budesonide 
(50.3% + 0.4%) treatment periods. The density dis- 
tribution of the eosinophils during the two periods are 
shown in Fig. 2. During the placebo period two peaks 
were observed at 1.089 and 1.075 gm/ml. By con- 
trast, after budesonide treatment, only one major peak 
at a density of 1.089 was found, with fewer cells 
present in the fractions of lower density. The effect 
of budesonide compared with placebo on the per- 
centage of hypodense eosinophils (i.e., densities 
c1.080) is shown in Fig. 3. Mean percent hypodense 
eosinophils fell from 51.6% C 4.3% on placebo to 
38.2% +- 3.1% while on steroid therapy (p < 0.05). 
Six subjects who showed the greatest percentage of 
hypodense eosinophils (above 45%) while on placebo 
treatment demonstrated the greatest fall while on bu- 
desonide treatment (from 12% to 35% of total eosin- 
ophils). A significant correlation occurred between the 
percent hypodense eosinophil on placebo treatment 
and the reduction in hypodense eosinophils after bu- 

desonide (r = 0.75; p < 0.05). There was no sig- 
nificant treatment-period interaction. 

Bronchial responsiveness to methacholine 

There was a significant improvement in log PC, to 
methacholine while on budesonide treatment (pla- 
cebo, -0.26 + 0.12; budesonide, 0.004 k 0.14; 
p < 0.01; Fig. 4). 

Relationship between eosinophll parameters 
and methacholine responsiveness 

A significant correlation occurred between log PC, 
and the peripheral blood eosinophil count 
(I = -0.66; p < 0.05); however, there was no cor- 
relation with the absolute number of hypodense eo- 
sinophils (r = 0.29), or the percentage hypodense 
eosinophils (r = -0.07). The change in log PC,, 
between placebo and budesonide treatments did not 
correlate with the reduction in number of hypodense 
eosinophils (r = 0.32). 

DISCUSSION 

In our study we found a mean 52% of circulating 
eosinophils (range, 32% to 78%) to be within the 
hypodense range, that is, with a density <1.080 as 
defined on buoyant density gradients of Percoll in 
patients with mild asthma. This range of hypodense 
eosinophils is in close agreement with those reported 
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FIG. 4. Airway responsiveness, expressed as log PC& in 10 asthmatic subjects after placebo 
treatment and after treatment with budesonide. There was a significant increase in log PC,, after 
budesonide treatment (p < 0.01). 

previously by Fukuda et a1.7 and Shult et a1.13 Inhaled 
corticosteroids administered over 14 days, signifi- 
cantly reduced the total number of circulating eosin- 
ophils and the percentage of eosinophils that were 
hypodense, changes that were associated with an im- 
provement in bronchial responsiveness to methacho- 
line. We found no significant correlation between the 
decrease in PC,, and the fall in total or in hypodense 
eosinophil numbers. Overall, there was a 1 .&fold im- 
provement in airway responsiveness associated with 
a nearly threefold reduction in the number of circu- 
lating hypodense eosinophils after inhaled steroid 
therapy. 

Although the mechanisms by which hypodense eo- 
sinophils are generated in asthma have not been pre- 
cisely defined, current evidence suggests that these 
may develop as a result of exposure to cytokines. Cul- 
ture of normodense eosinophils with human recom- 
binant granulocyte-macrophage colony-stimulating 
factor (GM-CSF), interleukin-3 (IL-3), or interleukin- 
5 (IL-5) in the presence of fibroblasts results in pro- 
duction of hypodense cells.14-16 Transcripts of messen- 
ger RNA for cytokines such as IL-5 and GM-CSF can 
be detected by in situ hybridization in biopsies of air- 
ways of patients with symptomatic asthma,17* I* 
suggesting that these cytokines may activate tissue eo- 
sinophils locally and prolong their survival. Sera ob- 
tained from patients with asthma are also capable of 
increasing the survival of eosinophils, probably be- 
cause of the presence of IL-5 and GM-CSF.19 

Corticosteroids have been shown to inhibit the pro- 
longed survival and to prevent the induction of hy- 
podense eosinophils in culture induced by GM-CSF.9 
They also have the capacity of inhibiting eosinophil 
colony formation in peripheral blood and bone marrow 
cultures.2o In addition, they can inhibit the generation 
of various cytokines such as IL-3, IL-5, and GM-CSF 
from lymphocytes.21. ** These observations suggest 
that there may be different sites of action of corti- 
costeroids underlying the reduction in the number of 
hypodense eosinophils. In the present study inhaled 
corticosteroids may be acting locally in the airways 
to inhibit cytokine production and release. After in- 
halation of 500 kg budesonide, blood levels of ap- 
proximately 2 nmol/L are achieved,23 a concentration 
that would be ineffective in inhibiting any of the 
known effects of corticosteroids discussed above. 
Toogood et a1.24 have shown that inhaled budesonide 
is effective in controlling asthma symptoms, whereas 
oral budesonide taken at a dose to achieve blood levels 
similar to those achieved with inhaled budesonide was 
not. This observation supports the hypothesis that part 
of the effect of inhaled steroids is mediated locally 
within the lung. Inhibition of local release of cytokines 
such as IL-5 and GM-CSF may be an important topical 
effect of inhaled corticosteroids, which may underlie 
the reduction in circulating hypodense eosinophils. 
Inhaled steroids have been shown to reduce eosinophil 
numbers in biopsies of the airway mucosa of asthmatic 
patients and to reduce the levels of eosinophilic cat- 
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ionic protein, a specific product of activated eosino- 
phils, in bronchoalveolar lavage fluid.25 It is also pos- 
sible that a decrease in survival time of eosinophils 
in the circulation may account for the decrease in total 
numbers of circulating eosinophils. 

Eosinophils have been implicated in the pathogen- 
esis of bronchial hyperresponsiveness in asthma.26 
Hypodense eosinophils obtained from patients with 
asthma demonstrate an augmented capacity to release 
mediators such as leukotriene C,.27 Activated eosin- 
ophils as evidenced by positive staining of eosinophil 
cationic protein, have been shown to be present within 
the submucosa of asthmatic airways, particularly just 
beneath the subepithelial collagen layer and within the 
epithelium.*‘. 29 Inhibition of eosinophil activation as 
may be reflected by a reduction in the number of 
hypodense eosinophils as shown in our study may be 
related to the improvement in bronchial responsive- 
ness after inhaled corticosteroid therapy. Other in- 
vestigators have shown that the number of circulating 
hypodense eosinophils increases during the late phase 
response to allergen in patients with allergic asthma.30 
More direct evidence for the contribution of eosino- 
phils to bronchial hyperresponsiveness in asthma may 
be obtained by studying airway tissue eosinophils after 
steroid therapy. 

We thank Dr. J. Burman, Department of Pathology, for 
allowing us to use the Technicon Cell Counter in his de- 
partment and Draco (Sweden) for their support during the 
course of this study. 
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Increased plasma platelet-activating factor in 
children with acute asthmatic attacks and 
decreased in vivo and in vitro production of 
platelet-activating factor after immunotherapy 

Kue-Hsiung Hsieh, MD, and Cheng-Koon Ng, BS 
Tapei, Taiwan, Republic of China 

Background: To explore the possible role of platelet-activating factor (PAF) in the pathogenesis 
of bronchial asthma, circulating PAF and in vitro production of PAF were studied. 
Methods: Radioimmunoassay kits were used in 15 children with acute asthmatic attacks, in 25 
newly diagnosed asthmatic children, in 25 good and 18 poor responders to immunotherapy, and 
in 18 healthy controls. 
Results: The results demonstrated the following: (1) PAF was present in the blood of healthy 
controls. (2) New patients had much higher circulating PAF than did healthy controls 
(p < O.OOS), and the circulating PAF decreased after immunotherapy in good (p < 0.005) but 
not in poor responders. (3) The circulating PAF increased up to 20 times that of healthy 
controls during acute asthmatic attacks. (4) The spontaneous and allergen-stimulated secretion 
of PAF were markedly increased in new patients and decreased to normal after successful 
immunotherapy (p < 0.005). (5) No increased spontaneous and allergen-stimulated production 
of PAF was found during acute attacks, but granulocytes from those patients still produced the 
greatest amount of PAF when stimulated with calcium ionophore A23187. (6) Although a major 
portion of allergen-induced PAF was secreted, less than 10% of ionophore-induced PAF was 
secreted. 
Conclusion: The findings that the circulating PAF increased markedly during acute asthmatic 
attacks and the enhanced in vivo and in vitro productions of PAF decreased to normal after 
successful immunotherapy strongly suggest that PAF may be involved in the pathogenesis of 
bronchial asthma. (.I ALLERGY CLIM IMMUNOL 1993;91:650-7.) 
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