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Blood eosinophif number and activity in 
reiation to lung function in patknts with 

asthma and with eosinophilia 

Emma Griffin, BSc,* Lena Hlkansson, PhD,** Hans Formgren, MD,* 
Kirsten Jiirgensen, LT,* Christer Peterson, PhD,** and Per Venge, MD** 
h-e und Uppsalu, Sweden 

Blood eosinophil count, serum concentrations ~4’ eosinophil cationic protein (ECP). eosinophil 
protein X (EPX). myeloperoxidase IMPO), and peak expiratog J?OU, (PEF) rate were studied in 
23 patients with severe labile asthma characterized by eosinophilia ut the sturt and end of a 
treatment period oJ‘S weeks. The mean blood eosinophil count wa.s 808 x IV/L at the sturt of’ 
the treatment period. Serum ECP and EPX were signiJcantly ruised compared with that of the 
references, whereas the mean serum MPO level was normal. The mean PEF was significantly 
and negatively correluted to both blood eosinophii count und serum ECP and EPX. but the 
predominant correlation wus that between blood eosinophil count and PEF. At the end of the 
treatment period, PEF had increused und the blood eosinophil count and serum ECP and EPX 
were reduced when these values were compared with the values at the .sturt qf the treutment 
period. There was a .signijicant and negative correlation of mean PEF to serum ECP but not ro 
the blood eosinophil count. In individual subjects, the decreases in the blood eosinophil counts 
and serum EPX were significantly correlated to the individual increases of mean PEF. In 
conclusion, the present investigation indicates that in patients with asthmo and pronounced 
eosinophilia. the lung function of the patients was principally related to the number q/ 
circulating eosinophils. whereaJ, when their eosinophiliu was reduced to moderate levels, the 
putient’s lung function was closer related to the activity of the eosinophils. f J ALLERGY CLIJ 
IMML~NOI. lYYl:87:548-57. ) 

Eosinophilia is an outstanding feature in patients 
with asthma. ’ A relationship has previously been dem- 
onstrated between the number of eosinophils in the 
blood and the lung function of the patients.‘j Exten- 
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Abbreviations used 
ECP: Eosinophil cationic protein 
EDN: Eosinophil-derived neurotoxin 
EPO: Eksinophil peroxidase 
EPX: Eosinophil protein X 
MBP: Major basic protein 
MPO: Myeloperoxidasc 
PEF: Peak expiratory Row 

sive evidence has been presented to suggest that the 
eosinophil is the major cell responsible for the inflam- 
matory events occurring in asthma. Secretion of gran- 
ular components is probably of considerable impor- 
tance for the inflammatory effects of the eosinophils. 
The major granule constituents are highly basic, cy- 
totoxic proteins: ECP, EPO, EPX or EDN, and MBP.’ 



Eosinophils, ECP, and EPX in asthma 549 VOLUME 87 
NUMBER 2 

TABLE I. Clinical data of the patients at the start of the study 

Duration of 
Pt Age (yr) Sex Medical treatment* Atow asthma (yr) Mean PEF % Min PEF % 

L. B. 53 M 1, 2, 374, Yes 12 58 39 
L. E. 42 M 1, 2, 3 No 11 55 27 
C. B. 42 M 1, 2, 3, 4 Yes 2 65 50 
T. P. 62 M 1, 2,4 Yes 18 70 59 
L. w. 55 F 1 Yes 8 72 51 
E. ii. 30 M 1 Yes 12 104 96 
A. M. P. 43 F 1, 2, 374 Yes 10 102 79 
L. E. 41 M 1 No 7 80 58 
B. R. 49 M 1, 2 Yes 9 76 67 
P. s. 57 M 1, 2, 3, 4 No 5 58 51 
L. B. 47 F 1, 2, 3, 4 No 10 85 70 
S. N. 59 M 1 Yes 13 107 97 
M. G. 44 F 1, 2, 3 Yes 14 72 32 
A. S. C. 18 F 1, 2, 3 Yes 2 107 102 
R. F. 47 F 1, 2, 3, 4 Yes 24 76 49 
I. A. 20 F 1 Yes 2 85 62 
I. R. 53 F 1, 2, 374 No 2 73 54 
E. L. 65 F 1, 3 No 60 92 66 
B. S. 50 F 1 Yes 2 105 79 
T. S. 60 M 1, 3 Yes 1 82 72 
C. H. K. 22 M 1, 2, 3 No 1 96 86 
Y. P. 39 F 1, 2, 3, 4 Yes 38 75 48 
R. V. 45 M 1, 2, 3 Yes 7 103 83 

Pt. Patient; min, minimum. 
*Medical treatment: 1, inhaled P,-agonist and inhaled steroid; 2, oral &agonist; 3, oral theophylline; 4, oral steroid. 

ECP and MBP have been demonstrated to cause dam- 
age to respiratory epithelium of the type observed in 
bronchial asthma.6-8 

Recent studies suggest a relationship between the 
hyperreactivity of the asthmatic lung and eosinophil 
activity, measured in terms of serum levels of eosin- 
ophil granule proteins. 9, ‘O Raised levels of serum ECP 
and EPX were found before challenge in patients who 
developed a late asthmatic reaction on allergen chal- 
lenge.’ In a study of patients with asthma with normal 
baseline levels of eosinophils and serum levels of eo- 
sinophil granule proteins by Durham et al. ” a relative 
increase of serum EDN, EPO, and ECP was noted in 
parallel with the late asthmatic reaction after allergen 
challenge. A correlation between the prechallenge se- 
rum ECP levels and the extent of exercise-induced 
asthma has also been demonstrated.” A study of 
bronchoalveolar lavage fluid from patients with 
asthma demonstrated high levels of MBP, which de- 
creased when the patients were subjected to medical 
treatment. I* 

Another investigation, based on natural challenge 
of subjects with asthma, demonstrated that the serum 
levels of ECP were increased in birch-pollen atopic 
patients with asthma during pollen season. Further- 
more, the increased ECP levels correlated to bronchial 
hyperreactivity, as measured by the provocative con- 

centration of histamine causing a 20% decrease in 
FEV,.13 

The aim of the present investigation was to study 
the relationship between eosinophil number and 
activity and lung function in patients with asthma 
characterized by eosinophilia. A group of 23 patients 
with severe labile asthma and eosinophilia (>400 X 
106/L) were investigated at the start and end of a 5- 
week period of medical treatment and training. The 
lung function of the patients was followed and mea- 
sured as PEF rate, and the activity of the eosinophils 
was assessed as the serum concentration of the eosin- 
ophil granule proteins, ECP and EPX. 

Measurement of the serum concentration of MPO 
was included to evaluate the possible involvement of 
neutrophil activation in asthma. 

MATERIAL AND METHODS 
Patients (Table I) 

Twenty-three patients with asthma, 11 women and 12 
men, in the age range of 18 to 65 years (mean, 45 years), 
were selected for the study. One patient was a smoker, and 
of the remaining 22 patients, 14 were former smokers. Six- 
teen patients were considered atopic based on increased 
sernm IgE (> 10 IUlml) or positive skin prick test to at 
least two of a panel of 10 common standardized test extracts. 
Seven patients were nonatopic. All patients had a blood 
eosinophil count of >400 X 106 cells per liter. All patients 
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FIG. 1. Serum ECP, EPX, MPO, and blood eosinophil count in patients with asthma at the start 
of the study. The geometric means and 2 1 SD intervals and the significance of the differences 
between patients (A) and references /R) are indicated. 
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FIG. 2. Correlation between the blood eosinophil count and mean PEF at the start of the study. 
The coefficient of correlation and the significance of the correlation were calculated by Spear- 
man’s rank-correlation test. 

suffered from unstable and severe asthma and stayed at the 
Asthma and Allergy Clinic, Are Hospital, for a treatment 

same medical treatment as the treatment they had received 
just before their arrival at the clinic. After the first week. 

period of, on average, 5 weeks. After informed consent, 
the patients participated in the study during their stay. 

their medications were modified to the extent that most 
patients reached a stabilized clinical condition at an optimal 

Mdcation criteria 
lung function level at the end of the treatment period. 

Medication was fairly uniform, consisti= of regular in- 
During the first week of their stay at the clinic, corre- 

sponding to the first 2 study days, the patients received the 
halation of P,-agonist dose, aerosols or dry pow&r (ter- 
butaline or saibutamol), five times daily, and extra duaes 



VOLUME 87 
NUMBER 2 

Eosinophils, ECP, and EPX in asthma 551 

TABLE II. Serum concentration of ECP and EPX and blood eosinophil count in atopic and 
nonatopic patients with asthma at the start of the treatment 

ECP (pglL) EPX (pglL) MPO (w/L) 
(geometric mean f SD range) 

Blood eosinophil 
count (x 106/L) 

(mean + SD 
range) 

Patients 
Atopic (N = 16) 

Nonatopic (N = 7) 

References (N = 98) 

28 
(10-78) 

p < 0.0001* 

23 
(6-82) 

p < 0.02* 

7.7 
(3-19) 

41 
(27-60) 

p < 0.0001* 

54 
(27-107) 

p < 0.0001* 

15 
(10-21) 

175 
(108-286) 

119 
(55-259) 

127 
(63-256) 

709 
(381-1037) 

p < 0.0001* 

1066 
(102-2030) 

p < 0.0001* 

160 
(88-232) 

*Significant differences between patients and references. 

TABLE III. Lung function in patients at the start and end of the treatment period 

Min PEF (%I 
(mean + SD) 

Max PEF (96) 
(mean rt SD) 

Mean PEF % 
(mean f SD) 

s 64 2 22 94 e 19 82 k 18 
E 91 -c 23* 107 + 16* 98 c 18* 

Min, Minimum; mux, maximum; S, start; E, end. 
*Significant difference between the beginning and end of the study, p < 0.001 (Student’s t test). 

TABLE IV. Mean and minimum PEF of patients with blood eosinophil count and serum ECP or EPX 
above or within the reference intervals at the end of the treatment period 

Mean PEF (%) Min PEF (%) 
(mean + SD) (mean + SD) 

Blood eosinophil 
count 
<400 x 106/L 
(N = 10) 
>400 x 106/L 
(N = 13) 

Serum ECP 
x46 p&L 
(N = 21) 
>46 kg/L 
(N = 2) 

Serum EPX 
<30 I*g/L 
(N = 14) 

102 -t 18 

96 k 17 

99 + 18 

99 + 14 

106 r 18 

>30 FglL 91 k 15 1 
(N = 9) 

92 k 23 

88 k 22 

91 -c 23 

94 +- 17 

97 -c 23 

p < 0.006 82 ? 17 1 
p < 0.02 

Min, Minimum. 
The statistical significance of the differences between mean and minimum PEF, respectively, of the two groups was calculated by means 

of Mann-Whitney U test. 
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when and if doses were needed. Furthermore, the patients 
inhaled high-dose (800 to 1600 kg/day) topical steroids. 

Budesonide was administered as aerosol via a spacer, and 
beclometazone was administered either as dry powder or as 
aerosol via a spacer. In addition, most patients also received 
sustained-release theophylline tablets. The dose was titrated 
to a serum level of 60 to 90 p,mol of theophylline per liter. 
Nine patients received 5 to 20 mg of prednisolone in the 
morning, in an alternate-day regimen from the beginning 
and throughout the whole study. Eight patients needed a 
short course of oral prednisolone during their stay to stabilize 
their condition. The starting dose was 30 mg in the morning. 
which was thereafter reduced every third day down to a 
10 mg alternate-day regimen. 

Parenteral and oral medication was withheld for 24 hours 
before blood tests. 

Lung-function measurements 

Lung function was followed with PEF rate measurements 
five times daily. The highest, the lowest, and the mean of 
the five PEF values each day were related to the patients’ 
individual predicted normal PEF values and expressed as 
percent of the predicted normal value. as maximum PEF 
(percent), minimum PEF (percent). and mean PEF (per- 
cent), respectively. 

Reference population 

Ninety-eight apparently healthy individuals, with no his- 
tory of asthma or allergy and who were free from infections 
for at least 2 weeks before the tests, were recruited as normal 
references. All subjects participated in the study after in- 
formed consent. 

Blood samples 

Blood samples for determination of serum ECP, EPX. 
and MPO, and blood eosinophil of the patients were drawn 
twice weekly. early in the morning. Blood samples from 
the references were obtained at the same time of day. The 
sera obtained were frozen at -70” C until later analyzed 
for concentration of ECP, EPX, and MPG. 

Measurements of serum ECP, EPX, and MPO 

The levels of ECP, EPX, and MPG in serum were mca- 
sured by means of radioimmunoassays.‘*-‘” The coefficients 
of variation of the radioimmunoassays for ECP, EPX, and 
MPG were 7%. 8%. and 7%. respectively. All assays were 
performed without knowledge of the protocol. 

Eosinophil blood count 

Quantitation of eosinophils in whole blood was done by 
use of a modified eosin stain. Cell counts were done in a 
Fuchs Rosenthal (Firma Walter Schrenck GmbH, Hoffheim 
am Taunus. Germany) chamber. 

Statistical methods and calculations 

Student’s r test, Mann-Whitney U test, Spearman’s rank- 
correlation test (r,), and linear regression analysis (r) were 
used in the statistical evaluation of the results. 

RESULTS 
Serum concentration of ECP, EPX, and MPO 
in patients with asthma and 
with eosinophilia 

At the start of the treatment period. that 15. the lust 
2 days of the study, the patients had a mean blood 
eosinophil count of 808 x 10” cells per iitcr. The 
patients had significantly raised serum levels oi’ EC’P 
and EPX (Fig. I) compared with that of the refk- 
ences. In contrast. the average levels of’MP0 in sc~um 
of the patients and references were similar 

Both the atopic and nonatopic patients demon- 
strated raised serum levels of ECP and EPX compared 
with that of the references (Table 11). 

Relationship of the serum concentrations of 
ECP, EPX, and MPO and the blood 
eosinophil count to the lung function (PEFI 

At the start of the treatment period. blood eosinophil 
count (Fig. 2) and serum ECP (r. -- --0.433: 
p < 0.05) and EPX (r, = --0.447; p < 0.04) dem- 
onstrated significant negative correlations to mean 
PEF. Furthermore. blood eosinophil count and serum 
EPX also demonstrated significant negative correla- 
tions to minimum PEF (r, = -0.464 and 11 <: 0.03 
and r, = -0.421 and p < 0.05. respectively) and 
blood eosinophil count to maximum PEF (I-, = 
- 0.472: p < 0.03). In contrast, serum MPO was not 
related to the lung function of the patients (11 > 0.05). 

Blood eosinophil count, serum ECP and 
EPX, and lung function at the end of the 
treatment period 

At the end of the treatment period, most patients 
demonstrated an improvement of their lung function. 
as demonstrated by the significant increase of their 
average minimum. maximum. and mean PEF (Table 
111). In addition. a significant decrease of the mean 
blood eosinophil count, as well as the serum concen- 
tration of ECP and EPX (Fig. 3), was found. Serum 
ECP (Fig. 4) was significantly and negatively cor- 
related to mean PEF, and serum EPX was correlated 
to maximum PEF (r, = ---0.504: p < 0.02). whereas 
blood eosinophil count was not related to any of the 
PEF values (p > 0.05). 

The level of blood eosinophil count and 
serum concentration of ECP and EPX in 
relation to PEF 

At the end of the treatment period. nine patients 
had a serum level of EPX above the reference interval 
(>30 kg/ I.), and these patients also demonstrated a 
significantly lower mean and minimum PEF when 
patients were compared with patients who had an EPX 
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FIG. 3. Serum ECP and EPX and blood eosinophil count at the start and end of the treatment 
period. The geometric means and 2 1 SD intervals and the significance of the differences be- 
tween references (R) and patients at the start (Ad and end (AE) of the treatment period are 
indicated. The concentration of EPX was significantly higher than that of ECP in both patient 
groups (p < 0.008 and p < 0.0001) and in the reference group (p < 0.0001). 

level within the reference interval (Table IV). The 
patients with a blood eosinophil count or a serum ECP 
level above the respective reference intervals dem- 
onstrated mean and minimum PEF values that were 
similar to values of the patients with a blood eosin- 
ophil count or a serum ECP level within the respective 
reference intervals. 

Relationship between changes in lung 
function and eosinophil number and activity 
during the treatment period 

The individual changes in blood eosinophil count 
demonstrated a significant and negative correlation to 
the changes in mean PEF (Fig. 5) and minimum PEF 
(I, = -0.679; p < 0.002). Furthermore, the indi- 
vidual changes of serum EPX demonstrated a nega- 
tive correlation to the changes in minimum PEF 
(rs = -0.500; p < 0.02). 

Influence of oral steroid treatment on 
eosinophil number and activity and PEF 

Nine patients received oral steroid medication from 
the start and throughout the study (group S); six pa- 
tients did not receive any oral steroids at all (group 
NS), whereas eight patients received oral steroids later 
during the treatment period (group ST) (Table V). At 
the start of the treatment period, the patients in groups 
S and ST had significantly lower mean and minimum 
PEF values than the patients in group NS . The patients 
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FIG. 4. Correlation between serum ECP and mean PEF at 
the end of the treatment period. The coefficient of cor- 
relation and the significance of the correlation were cal- 
culated by Spearman’s rank-correlation test. 

in group NS had a significantly lower mean blood 
eosinophil count than patients in group ST. All three 
groups demonstrated significant improvements of their 
average PEF values during the treatment period. 
Group ST also demonstrated a significant decrease of 
the blood eosinophil count and serum ECP and EPX. 
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were calculated by linear regression analysis. 

TABLE V. Influence of oral steroid treatment on the blood eosinophil count, serum concentration 
of ECP and EPX, and PEF of the patients 

Patient group 

Mean age (yr) 
Men /women 

,nfS 9) ,N”=” 5, ,tE 9, 
49 44 47 
415 4/I 414 

Blood eosinophil count (x 106/L) 
(mean -t 1 SD) 

start* 
End* 

Serum ECP @g/L) 
(geometric mean [ 2 I SD]) 

start 
End 

Serum EPX (*g/L) 
(geometric mean [f 1 SD]) 

start 
End 

Mean PEF (%) 
(mean IT 1 SD) 

Start 
End 

Min PEF (%) 
(mean 2 1 SD) 

start 
End 

921 + 862 531 + 130 -***- 972 2 390 1 *** 505 2 268 434 -t 271 469 t 239 

21 (7-59) 26 (7-98) 34 (13-%) 
I6 (7-33) I3 (4-41) I4 (8-25) 1* 

41 (23-73) 42 (23-75) 
(184 li 

51 (35-76) 
1 ** 30 (20-44) 27 30 (21-43) 

-*** -7**, 

73 2 I7 1 ** 97 2 14 1 * 78 r?r 14 .+* 
92 + 15 Ill 2 14 99 IT 21 1 
-***, r-**- 

55 + 17 1 *** 84 k 17 1 ** 54 ” 21 1 *** 82 + 22 107 2 16 90 2 22 
-**- 

S, Oral steroid treatment at the start and throughout the treatment period; NS, no oral steroid treatment; ST= oral steroid treatment after 
the first two days of the study; min. minimum. 

Stan and end of the treatment period. 
All statistical calculations were done by means of Mann-Whitiy U test: *p < 0.05, **p < 0.01. and ***p < 0.001. 
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Group NS demonstrated a significant decrease of se- 
rum EPX. 

Group ST demonstrated significant correlations be- 
tween the individual changes in the blood eosinophil 
count and mean, minimum, and maximum PEF 
(rs = -0.755 and p < 0.05; r, = -0.762 and 
p < 0.05; and r, = -0.833 and p < 0.03, respec- 
tively) and between the individual changes in serum 
ECP and minimum PEF (rs = -0.786; p < 0.04), 
whereas the two other groups did not demonstrate any 
significant relationships in this respect (p > 0.05). 

Relationship between blood eosinophil 
count and serum concentration of ECP 
and EPX 

The concentrations of ECP and EPX in serum from 
the patients were correlated to the blood eosinophil 
count of the patients both at the beginning (r = 0.488 
and p < 0.006 and r = 0.666 and p < 0.0001, re- 
spectively) and end (r = 0.372 and p < 0.02 and 
r = 0.626 and p < 0.0001) of the treatment period. 
The concentration of EPX in serum from the refer- 
ences demonstrated a significant correlation to their 
blood eosinophil count (r = 0.506; p < 0.0001). 

DISCUSSION 

The aim of the present study was to investigate the 
relationship between eosinophil number and activity 
in a group of patients with severe labile asthma char- 
acterized by eosinophilia. The patients were subjected 
to a treatment period of 5 weeks, during which their 
lung function improved and their mean blood eosin- 
ophil count decreased. At the start of the treatment 
period, the lung function of the patients, measured as 
PEF, was demonstrated to be related both to number 
and activity of the eosinophils, measured as serum 
ECP and EPX. However, the most pronounced rela- 
tionship was that between the number of eosinophils 
in blood and PEF. On the contrary, at the end of the 
treatment period, a relationship was found between 
the activity of eosinophils, as measured by serum ECP 
and EPX and PEF, rather than with the number of 
eosinophils. Serum MPO, which was included to re- 
veal neutrophil activation, did not demonstrate any 
relationship to PEF, and the average MPO level of the 
patients was similar to that of the references. 

Previous investigations have demonstrated inverse 
relationships between blood eosinophil count and 
FEV, and provocative concentration of histamine 
causing a 20% decrease in FEV,24 in patients with 
asthma. The relationships between serum ECP and 
EPX and lung function were investigated in studies 
on the late asthmatic reaction induced by allergen 
inhalation.‘, I7 The studies indicated that serum ECP 

and EPX were more closely related to the late asth- 
matic reaction than to the number of circulating eo- 
sinophils. These findings suggested that the activity 
of the eosinophils might be more important for the 
development of the late asthmatic reaction than the 
number. In the present study of patients with asthma 
with pronounced eosinophilia, the PEF correlated 
much better with the number of eosinophils than with 
the serum ECP and EPX. However, when the eosin- 
ophilia of the patients was reduced by medical treat- 
ment, the relationship between the serum ECP and 
EPX and PEF remained, but there was no detectable 
relationship between the number of cells and PEF. 
One interpretation of the present data would be that 
at high eosinophil counts, the activity of the eosino- 
phils recruited to the lung is of minor importance; 
instead, the mere presence of a very high number of 
cells that release putative precipitating agents, such 
as the eosinophil granule proteins, ECP and MBP, and 
the lipid mediators, Leukotriene C, and PAF, is suf- 
ficient to induce the inflammatory process involved in 
asthma. However, in cases with normal or moderately 
high eosinophil numbers, the reduced availability may 
be compensated for by the increased activity of the 
cells, which is enough to achieve sufficient concen- 
trations of the inducers of the inflammatory process. 

When the relationship between the effect of the 
treatment on the lung function and the number and 
activity of eosinophils is considered, the degree of 
individual improvement of mean and minimum PEF 
of the whole patient group was revealed to be related 
to the degree of decrease of the blood eosinophil count 
and serum EPX, respectively. When the patients were 
divided into three groups, depending on when and if 
they had received oral steroid medication, the group 
treated with oral steroids (ST) demonstrated a signif- 
icant relationship between the individual changes in 
PEF and blood eosinophil count and serum ECP, re- 
spectively. The patients who were not treated with 
oral steroids demonstrated a significant decrease of 
serum EPX but not of the blood eosinophil count. 
Their average blood eosinophil count was, however, 
significantly lower than that of group ST already at 
the beginning of the study. It should also be kept in 
mind that the patients were not untreated at the start 
of the study, although they did not receive the optimal 
medical treatment. Previous studies have demon- 
strated that steroid medication reduces the serum 
levels of ECP and EPX.9 This finding may explain 
the low levels of ECP and EPX, in spite of the high 
blood eosinophil count, in the patient group that re- 
ceived oral steroid medication at the start of the study. 

Previous investigations on the subcellular distri- 
bution of ECP and EPX in eosinophils demonstrated 
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a similar pattern of the two proteins, although EPX 
was present at a relatively higher content in the mem- 
brane fraction.‘* The total intracellular content of ECP 
and EPX in normal eosinophils was estimated at 25 
and 10 kg/ lo6 eosinophils, respectively, whereas eo- 
sinophils from patients with hypereosinophilia dem- 
onstrated reduced contents of both proteins.‘Y-2’ The 
present investigation, however, demonstrated a sig- 
nificantly higher serum concentration of EPX than of 
ECP in the reference group. Furthermore, the differ- 
ence between the serum levels of ECP and EPX was 
even more pronounced in sera from the patients with 
asthma in which there was hardly any overlapping 
between the EPX levels of patients and references in 
contrast to the levels of ECP. These results indicate 
a selective regulation of the release and/or elimination 
of EPX and ECP. An investigation of the secretion 
by eosinophils from normal individuals and patients 
with asthma revealed a relatively higher secretion of 
EPX compared with that of ECP.” Previous investi- 
gations of the serum level of ECP and EPX in patients 
with asthma have also suggested an increased elimi- 
nation of ECP, which was not evident for EPX.12, ” 
Another fact that might indicate a differentiated se- 
cretion and/or elimination of ECP and EPX was the 
comparatively closer correlation between the blood 
eosinophil count and EPX than between the blood 
eosinophil count and ECP. 

In conclusion, the present investigation of patients 
with asthma, characterized by eosinophilia, demon- 
strated a significant decrease of the eosinophil number 
and serum ECP and EPX during the treatment period 
in conjunction with an improvement of the lung func- 
tion that was in contrast to the lack of effect of the 
treatment on the enhanced eosinophil migratory ac- 
tivity previously described.24 The evaluation of the 
relationship between eosinophil number and activity 
and PEF demonstrated that, when the patients had 
pronounced eosinophilia (~800 x 1 06/L), PEF dem- 
onstrated the closest relationship to the blood eosin- 
ophil count. At the end of the treatment period, when 
the patients had moderate eosinophilia (~500 x 
106/L), PEF was related to the activity of the cells 
measured as serum ECP and EPX. From a clinical 
point of view, the interpretation of the results of the 
present study would be that, in patients with asthma 
and with pronounced eosinophilia, the measurement 
of serum ECP and EPX offers little additional infor- 
mation, as compared with the blood eosinophil count. 
However, in patients with a normal or moderately high 
blood eosinophil count, the serum level of ECP and 
EPX offers extended information compared with the 
number of cells.‘. “‘. ‘I. ” 
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Airway effects of inhaled bradykinin, 
substance P, and neurokinin A in sheep 

W. M. Abraham, PhD,* A. Ahmed, BVSC,* A. Cartes, BS,* M. Soler, MD,** 
S. G. Farmer, PhD,*** L. E. Baugh, PhD,**** and S. L. Harbeson, PhD**** 
Miami Beach, Fla., Basel, Switzerland, Baltimore, Md., and Cincinnati, Ohio 

The effects of inhaled bradykinin (BK), substance P (SP), and neurokinin A (NKA) on 
pulmonary resistance and airway responsiveness to carbachol were studied in conscious allergic 
sheep. Inhaled BK (20 breaths, 0.1 to 5.0 mg ’ ml-‘) caused dose-dependent increases in 
pulmonary resistance. Neither inhaled SP nor NKA (20 breaths, 0.1 to 1 .O mg * ml-‘) produced 
significant bronchoconstriction in allergic sheep. However, the response to SP could be 
enhanced (p < 0.05) by pretreatment with the neutral endopeptidase inhibitor, thiorphan (40 
breaths, 1 mg . ml-‘). Sheep that were allergic to Ascaris strum antigen were 5.9 times 
(p < 0.05) more sensitive to the constrictor effects of BK than nonallergic sheep. BK-induced 
bronchoconstriction was blocked in a dose-dependent fashion by the BK &receptor antagonist, 
NPC 567 (D-arginine{hydroxyprolinP,D-phenylalanine’}BK). Atropine (0.2 mg * kg-‘, 
intravenously) and nedocromil sodium (1 mg * kg-’ in 3 ml of saline, aerosolized) significantly 
inhibited the BK-induced bronchoconstriction by 97% and 4370, respectively. Chlorpheniramine 
(2 mg . kg-‘, intravenously) had no effect. NKA caused a transient increase in airway 
responsiveness in allergic sheep, producing a mean 1.9-fold leftward shift in dose-response 
curves to aerosolized carbachol (p < 0.05). This hyperresponsiveness was not evident 24 hours 
after NKA challenge. Neither SP nor BK changed airway responsiveness. Thus, in allergic 
sheep, inhaled BK caused a more pronounced bronchoconstriction than that observed in 
nonallergic sheep. The bronchoconstriction was blocked by a BK-receptor antagonist and 
appeared to be partially mediated via cholinergic reflexes. The sensory neuropeptides, unlike 
BK, were not potent bronchoconstrictors when they were administered by inhalation, but NKA 
may play a role in modulating airway responsiveness. (J ALLERGY CLIN IMMUNOL 1991;87:557- 
64.) 
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