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Background: Eosinophil influx into the lung tissue is considered to be relevant for the 
pathogenesis of asthma. Various chemotactic factors may be responsible for this influx. Recently 
it has been demonstrated that the cytokines granulocyte-macrophage colony-stimulating factor 
(GM-CSF), interleukin-3 (IL-3), and interleukin-5 (IL-j) are present in the circulation of 
individuals with allergic asthma. These cytokines have the capacity to modulate chemotactic 
responses of eosinophils toward platelet-activating factor, formyl-methionyl-leucyl-phenylalanine, 
(FMLP) and neutrophil-activating factor (NAF)IIL-8, but not toward complement fragment C5a 
(C5a). Here the effect of nedocromil sodium on the chemotactic response of eosinophils from 
allergic asthmatic individuals and from normal donors preincubated with GM-CSF or IL-3 
toward FMLP, NAFIIL-8 was evaluated. 
Results: Nedocromil sodium inhibited the chemotactic response toward FMLP and NAFIIL-8 of 
GM-CSF primed eosinophils approximately 60% (inhibitory concentration of 50% [ICJ-I to 
10 nmollL), whereas these responses of IL-3 primed eosinophils was completely inhibited 
(IC,,-I nmollL). 
Conclusions: The chemotactic responses toward C5a were inhibited by nedocromil sodium at 
higher concentrations than were required in the priming studies (I&,-IO to 100 nmollL). 
Nedocromil sodium (0.1 pmollL) was also effective in inhibiting the chemotactic response 
toward FMLP (IO nmollL) of eosinophils isolated from the circulation of patients with allergic 
asthma 3 hours afrer allergen challenge. These findings might explain in part the 
antiinjYammatory action of nedocromil sodium. (J ALLERGY CLIP IMMUNOL 1993:91:802-9.) 
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Eosinophils are considered to be important cells in 
the pathogenesis of allergic asthma.le5 Directed lo- 
comotion or chemotaxis of these cells is essential for 
the infiltration into the lung tissue. Mobilization of 
these cells is thought to take place via lipid chemo- 
tactic factors such as platelet-activating factor (PAP) 
and lenkotriene B, (LTB,) and via protein chemotactic 
factors such as complement fragment C5a.69 N-for- 
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Abbreviations used I 
FMLP: 

PAF: 
GM-CSF: 

IL?3: 
IL-F 
IL-8: 
CSa: 

NAF: 
LTB,: 
FEV,: 
HPF: 
IC,,: 

Formyl-methionyl-leucyl-phenylalaniue 
Platelet-activating factor 
Grauulocyte-macrophage colony-stimu- 
lating factor 
Interleukin-3 
Iuterleukin-5 
Iuterleukin-8 ( = NAF) 
Complement fragment CSa 
Neutrophil-activating factor (= IL-8) 
Leukotriene B, 
Forced expiratory volume in 1 second 
High-power field 
Inhibitory concentration of 50% 

myl-methionyl-leucyl-phenylalanine (FMLP) and 
neutrophil-activating factor (NAP/IL-g) are not acting 
as chemotaxins for eosinophils when isolated from the 
blood of healthy individuak6* ‘9 Ial2 
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Recently it could be shown that eosinophilia and 
eosinophil function are regulated by various cyto- 
kines. ” In particular, granulocyte-macrophage col- 
ony-stimulating factor (GM-CSF), interleukin-3 
(IL-3), interleikin-5 (IL-5), tumor necrosis factor al- 
pha, and eosinophil activating factor modulate eosin- 
ophil function. 14-16 These cytokines prolong the sur- 
vival of human eosinophils in vitro.“, I8 GM-CSF, 
IL-3, and IL-5 have been detected in the circulation 
of individuals with allergic asthma, and lymphocytes 
from these patients can secrete these cytokines spon- 
taneously as well as after activation.19x *’ For IL-5 it 
could be shown that it acts as a selective chemoat- 
tractant for eosinophils, although the activity was very 
weak compared with that of PAF.“, ” 

Recently initiation of a potent chemotactic response 
of eosinophils from healthy individuals toward the 
well-established neutrophil chemotaxins FMLP or 
NAF/IL-8 was demonstrated after preincubation with 
relatively low concentrations (1 to 10 mol/L) of GM- 
CSF and IL-3.6 Higher concentrations of these cyto- 
kines turned out to be chemotactic for eosinophils.6 
Furthermore, a strong increase in the sensitivity of the 
PAF-induced chemotaxis was demonstrated after pre- 
treatment of eosinophils with these cytokines.22 This 
increase in sensitivity for PAF was also found in eo- 
sinophils isolated from patients with allergic asthma, 
reflecting an in vitro activated state of these eosino- 
phils. 

Nedocromil sodium (Tilade), a novel antiasthma 
drug with antiinflammatory properties, was previously 
shown to be effective in inhibiting chemotactic re- 
sponses from eosinophils of healthy individuals to- 
ward PAF and LTB,.“. *?, 24 

In the present study the effects of nedocromil so- 
dium on the chemotactic responses of in vitro cyto- 
kine-primed eosinophils were investigated. These ef- 
fects were compared with the action of the drug on 
chemotaxis of eosinophils from asthmatic patients 
which proved to be primed in vivo. 

METHODS AND MATERIAL 
Patients 

All individuals with allergic asthma participating in this 
study met The American Thoracic Society definition of 
asthma, including episodic airway obstruction and hyper- 
responsiveness to bronchoprovocation with histamine. 
Three men and three women with ages ranging between 20 
and 45 years participated in the study. All patients had 
positive skin test reaction to allergens and bronchial hy- 
perreactivity to histamine (PC, hist 54 mg/mI) Table I. 
Medication was stopped 10 days before the study except 
for P-sympathomimetics (salbutamol-inhaler), which were 
stopped 24 hours before the patients entered the study. All 

TABLE I. Lung parameters and reaction 
pattern after bronchoprovocation of patients 
with allergic asthma used in the study 

No. 
patient EAR AFEV, (%I EO% (0) EO% (31 LAR 

1 + 43 5.2 2.9 + 
2 + 31 5 3.2 + 
3 + 42 1.9 2.6 + 
4 + 39 4.3 2.1 + 
5 + 39 3.4 1.8 f 
6 + 32 5.1 3.5 - 

Allergic asthmatic individuals provoked with allergen as described 
in Material and Methods section. Changes in FEV, measured 
and correlated with occurrence of an early asthmatic reaction 
(EAR). Eosinophil counts (% of white blood cells) in peripheral 
blood determined before (0) and 3 hours after prov,ocation (3). 
Occurrence of a late phaseieaction (LAR) measured by symptom 
scores and change in FEV, in which a minimum fall of 15% 6 
hours after provocation was accepted as a criterion for a LAR. 

EO, Eosinophil. 

participating individuals gave their informed consent. The 
study was approved by the hospital’s ethics committee. 

Bronchial provocation test 

Airway reactivity to histamine was determined by a stan- 
dard bronchoprovocation technique as described by Juniper 
et aI.” The bronchial provocation with allergen was per- 
formed by 2-minutes inhalations (tidal breathing) with 
lo-minute intervals. The allergen-provocation was preceded 
by an initial aerosol of buffer (2.5 mglml NaHCO, + 
5 mg/ml NaCl with 0.03% human serum albumin and 0.5% 
phenol wtlvol) to which none of the patients showed a fall 
in forced expiratory volume in 1 second (FEV,) or peak 
expiratoiy flow (PEF). Increasing concentrations of antigen 
aerosol were delivered through a nebulizer (model 646; 
De Vilbiss Co, Somerset, Pa). Antigen was diluted from 
stock solutions (10,000 biological units/ml). The dilution 
of allergen used for the first inhalation was calculated from 
the skin prick titration test and the preantigen PC, for his- 
tamine.26 Inhalations were performed by stepwise doubling 
of the dose of antigen until the FFV, fell at least 20% from 
baseline values. 

Cell isolation 

Eosinophils were isolated from the buffy coat of 500 ml 
of human blood anticoagulated with 0.4% (wt/vol) triso- 
dium citrate (pH 7.4) exactly as described before.‘O The 
FMLP treatment applied in this method does not influence 
eosinophil function as is extensively documented else- 
where.6. lo, 27, Z* The purity of eosinophils was always more 
than 85%, and the recovery ranged from 40% to 60%. 
Contaminating cells were mostly neutrophils. The viability 
of the eosinophils was always more than 98%. 

Control experiments and experiments with eosinophils 
from patients with allergic asthma were carried out with 
highly purified eosinophils isolated from the granulocyte 
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FIG. 1. Effect of nedocromil sodium on random migration 
(open circles) and on human recombinant CIja-induced che- 
motaxis (closed circles) of human eosinophils derived from 
the circulation of healthy volunteers. Geys’ buffer (BL) was 
used as a control (C); optimal chemotactic C5a concentra- 
tion (IO nmol/L). Number of cells per 10 HPFswascounted; 
n = 9, eosinophil purity was 93% f 2%; the dose-response 
curve of nedocromil sodium was significantly different from 
the C5a control (ANOVA: p < 0.0025). whereas the random 
migration was not significantly inhibited by nedocromil 
sodium 

preparation containing neutrophils and eosinophils as de- 
scribed by Hansel et a1.*9 In brief, immunomagnetic beads 
(Dynal Beads; Dynal AS., Oslo, Norway) were coated with 
a monoclonal antibody against CD16 (CLB FcR-gran 1). 
These coated beads were coincubated at 4” C for 20 minutes 
with the granulocyte preparation (10’ cells/ml) in a ratio 
1: 4 (cells/beads). The neutrophils were subsequently re- 
moved by a magnetic particle concentrator (MPC’“- 1; 
Dynal A.S.). After this procedure, the purity of eosinophils 
was always more than 95%. 

Chemotaxis assay 

Chemotaxis was measured with a modified Boyden cham- 
ber assay with use of a 48-well microchemotaxis chamber. 
(Neuroprobe, Cabin John, Md.). Chemotaxins or Geys’ 
buffer (30 (11) were placed in the lower compartments. Two 
filters (cellulose nitrate) were placed between the lower and 
the upper compartment. The lower filter had a pore width 
of 0.45 pm (type HA; Millipore Corp., Bedford, Mass.) 
and the upper filter had a pore width of 8 pm (SM 113; 
Sartorius AG, Giittingen, Germany). Before use the filters 
had been soaked in Geys’ buffer. Purified eosinophils prein- 
cubated for 30 minutes 37” C with the various cytokines or 
Geys’ were placed in the upper compartments (25 ~1 of 
5 X lo6 cells/ ml). Concentration ranges of the chemotactic 
agents NAF/IL-8, FMLP, C5a, and the cytokines GM-CSF 
and IL-3 were tested with the buffer as a contro1.6. ‘I At 
optimal concentrations of these chemotactic agents, dose- 
response curves with nedocromil sodium were performed. 
The cells were preincubated for 30 minutes at 37” C with 

TABLE II. Chemotactic responses of 
eosinophils from healthy individuals toward 
various chemotaxins and IC,, values of 
nedocromil sodium on these responses 

Chemotaxin 

KS0 values of 
nedocromil 

sodium 
EosinophilsllO HPFs (pmol/L) 

Buffer 20 -I- 6 NS 
C5a (10 nmol/L) 186 ? 29 0.1 
PAF (1 pmol/L) 90 If: 15 1 
LTB, (1 p.mol/L) 76 k 16 0.1 

Comparison of chemotactic responses toward various chemotaxins 
(in rank order of potency) of eosinophils derived from the cir- 
culation of healthy individuals. IC,, values (in micromolar) of 
nedocromil sodium on these responses arc presented (right part). 
For further experimental data and statistical analysis see also ref. 
11 and the legends in the figures. 

NS, No significant inhibition by nedocromil sodium. 

the drug before the chemotaxis assay was carried out.” After 
this preincubation period the viability of the cells was always 
greater than 95% (trypan blue exclusion). The chemotaxis 
chambers were subsequently incubated for 2.5 hours at 
37” C. Thereafter the filters were removed, fixed in 
butanol/ethanol (20%/80%, vol/vol) for 10 minutes, and 
stained with Weigert solution (composition: 1% vol/vol 
hematoxylin in ethanol mixed with a 70 mmol/L acidic 
F&l, solution in a 1: 1 ratio). 

The filters were dehydrated with ethanol, made transpar- 
ent with xylene, and fixed upside down. The number of cells 
per 10 high-power fields (HPFs) was determined with light 
microscopy (magnification x 400). In this way the number 
of cells that had passed the upper filter was determined. 

Material 

Recombinant human complement factor C5a and N- 
FMLP were purchased from Sigma Chemical Co. (St. 
Louis, MO.). Human recombinant complement C5a was 
stored at -70” C until use. Ficoll-Paque and Percoll were 
obtained from Pharmacia A. B. (Uppsala, Sweden). All 
other materials were reagent grade. The experiments were 
carried out in Geys’ balanced salt solution supplemented 
with 1.5 mmol/L CaCl,, 1 mmol/L MgCl,, heparin (10 
IU/ml), 5 mmol/L glucose, and 1 .O% human serum albu- 
min (wt/vol). Recombinant human GM-CSF (2.5 x 
lo* U / mg) and IL-3 (10’ U / mg) were purchased from Gen- 
zyme (Cytokine Research Products, Boston, Mass.). NAF 
(NAP-l/IL-8; 10 p,g/ml) was derived from British Bio- 
technology Limited, (Oxford, U.K.). Stock solutions of the 
cytokines were prepared in phosphate-buffered saline sup- 
plemented with 0.5% purified human serum albumin and 
were stored at -70’ C until use. Nedocromil sodium was 
provided by Fisons plc (Loughborough, Leicestershire, 
U.K.). Human blood was obtained from healthy volunteers 
at the Red Cross Blood bank Foundation (Utrecht). 
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Statistical analysis 

All data are presented as means 5 SE. Statistical anal- 
ysis was performed with Complete Statistical System (CSS) 
by Statsoft, Tulsa, Okla., with use of analysis of variance 
(ANOVA) for dose-response curves or Student’s t test for 
paired observations; p values < 0.05 were considered sig- 
nificant. 

RESULTS 
The effect of nedocromil sodium on the 
chemotactic responses of human 
eosinophils toward complement 
fragment C5a 

Complement fragment C5a turned out to be a potent 
chemotaxin for human eosinophils derived from the 
circulation of healthy volunteers, with an optimal che- 
motactic concentration of 10 nmol/L. At this optimal 
chemotactic concentration the influence of dose ranges 
of nedocromil sodium was evaluated (Fig. 1). 
Nedocromil sodium caused a 60% inhibition of max- 
imal CSa-induced chemotaxis at a drug concentration 
of approximately 0.1 pmol/L. This effect of nedo- 
cromil sodium is specific for stimulated migration, 
because random migration of eosinophils is not in- 
hibited by a dose range of nedocromil sodium 
(Fig. 1). 

The effect on nedocromil sodium on the 
chemotactic responses of unprimed and 
cytokine-primed human eosinophils toward 
different chemotaxins 

In the next series of experiments we evaluated the 
inhibition of nedocromil sodium on different che- 
motactic responses. In Table II, inhibitory concentra- 
tion of 50% (IC,,) values of nedocromil sodium for 
the various eosinophil chemotaxins at optimal con- 
centration are compared. The IC,, values for C5a, 
PAF, and LTB, turned out to be in the same range. 

In an earlier article we have shown that FMLP and 
NAF/IL-8 are chemotaxins for healthy human eosin- 
ophils only after priming with cytokines.6 In the next 
series of experiments the sensitivity of cytokine- 
primed eosinophil chemotaxis was studied. Human 
eosinophils derived from the circulation of healthy 
volunteers were preincubated with optimal priming 
concentrations of GM-CSF and IL-3 (10 pmol/L and 
100 pmol/L, respectively) or in Geys’ buffer for 30 
minutes at 37” C.‘j These primed eosinophils were 
subsequently incubated with dose ranges of nedo- 
cromil sodium for 30 minutes (optimal time) at 37” C 
before transfer to the upper compartment of the Boy- 
den chamber. Thereafter chemotactic responses to- 
ward optimal FMLP and NAF/IL-8 concentrations 
were measured (Methods and Material). 
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FIG. 2. Effect of nedocromil sodium on FMLP (A) and 
NAFIIL-8-induced (B) eosinophil chemotaxis. Eosinophils 
derived from healthy donors were preincubated for 30 
minutes at 37” C with either an optimal priming concen- 
tration of GM-CSF (IO pmol/L) /c*) or Geys’ buffer IC). 
Hereafter, chemotaxis toward FMLP and NAF/IL-8 was 
studied in the presence of different concentrations of ne- 
docromil sodium with Geys’ buffer as a control (BL). Dose- 
response curve of nedocromil sodium significantly dif- 
ferent from FMLP control (ANOVA,p < 0.025; n = 10) and 
NAFIIL8 control (ANOVA, p < 0.001; n = IO). The purity 
of the eosinophils was 92% 4 4%. 

The effect of nedocromil sodium on FMLP and 
NAF/IL-S-induced chemotaxis of GM-CSF-primed 
eosinophils is shown in Fig. 2, A and B. Nedocromil 
sodium was able to inhibit responses toward both 
tested chemotaxins in a similar fashion, resulting in 
IC,, values of approximately 1 nmol/L. 

The inhibition of FMLP and NAF/IL&induced 
chemotaxis of IL-3-primed eosinophils by concentra- 
tion ranges of nedocromil sodium is shown in Fig. 
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FIG. 3. Effect of nedocromil sodium on FMLP (A) and 
NAFIIL-8-induced (6) eosinophil chemotaxis. Eosinophils 
derived from healthy donors were preincubated for 30 
minutes at 37” C with either an optimal priming concen- 
tration of IL-3 (100 pmol/L) (15”) or Geys’ buffer (C). Here- 
after, chemotaxis toward FMLP and NAF/IL-8 was studied 
in the presence of different concentrations of nedocromil 
sodium with Geys’ buffer as a control (BLI. The dose- 
response curve of nedocromil sodium was significantly 
different from the FMLP control (ANOVA, p < IO-‘; n = 6) 
and NAF control (ANOVA, p < 10e6; n = 6). The purity of 
the eosinophils was 87% + 4%. 

3, A and B. Nedocromil sodium inhibited the che- 
motactic response to both chemotaxins with an IC,, 
value of approximately 1 nmol/L, and with higher 
concentrations of nedocromil sodium, complete in- 
hibition of chemotaxis was achieved. 

In a series of control experiments, it was investi- 
gated whether the time point of nedocromil addition 
was important. Therefore eosinophils were preincu- 
bated with the drug before cytokines were added. The 
results of these experiments showed that the time point 
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of drug addition does not influence the inhibitory ac- 
tivity of the drug (Table III). 

The effect of nedocromil sodium on 
FMLP-induced chemotaxis of eosinophils 
from patients with allergic asthma 

Human eosinophils isolated from blood of individ- 
uals with allergic asthma (Methods and Material) are 
in contrast to eosinophils derived from healthy donors 
responsive to FMLP in a chemotactic assay (manu- 
script submitted for publication). This chemotactic 
response is optimal at 10 nmol/L, FMLP, and an 
enhancement of the response occurs in eosinophils 
isolated from the blood of individuals with allergic 
asthma after allergen challenge. For this reason we 
have isolated eosinophils from the circulation of pa- 
tients with allergic asthma before and 3 hours after 
allergen challenge with the appropriate allergen. 
These eosinophils were incubated with 100 nmol/L 
nedocromil sodium, and subsequently chemotactic re- 
sponses were measured toward 10 nmol/L FMLP. 
Table IV shows that these eosinophils elicit an initial 
chemotactic response to FMLP, and that this response 
is significantly increased in eosinophils isolated 3 
hours after allergen challenge (Table IV and manu- 
script submitted for publication). Nedocromil sodium 
significantly inhibited chemotactic responses toward 
FMLP of cells isolated before and after allergen chal- 
lenge . 

DISCUSSION 

Influx of eosinophils into the lung tissue is consid- 
ered to be an important process in the pathogenesis 
of allergic asthma.” * Studies on bronchoalveolar 
lavage fluid and bronchial tissue after allergen chal- 
lenge revealed the presence of activated eosinophils.30 
The influx of these eosinophils is correlated with the 
late phase asthmatic reaction.3 Moreover, treatment 
of, primates with a monoclonal antibody against 
ICAM- counteracted eosinophil influx in the lung 
tissue, and with that, the enhancement of bronchial 
hyperreactivity.5 The processes that regulate this eo- 
sinophil influx are poorly understood, but adhesion to 
endothelium, diapedesis, and a subsequent migration 
of eosinophils in response to chemoattractants re- 
leased within the lung tissue are important features of 
this eosinophil influx. 

PAF, LTB,, C5a, and the cytokines GM-CSF, IL- 
3, and IL-5 are important chemoattractants for eosin- 
ophils derived from the circulation of healthy 
v01unteers.6‘9, “, *’ In contrast, the well-established 
neutrophil attractants FMLP and NAF/IL-8 are not 
chemotactic for these eosinophils.6, ‘, ‘O-I’ However, 
when eosinophils from healthy donors are primed with 
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TABLE III. Effect of time point of nedocromil 
sodium addition during inhibition of 
cytokine-primed eosinophil chemotaxis 

TABLE IV. Effect of nedocromil sodium on 
FMLP-induced chemotaxis of eosinophils 
isolated of patients with allergic asthma 

FMLP-induced 
chemotaxis 

FMLP response FMLP response 
before after 

GM-CSF+FMLP 100 
GM-CSF+nedocromil sodium+FMLP 45 t 6* 
Nedocromil sodium-GM-CSF+FMLP 52 ?I 4” 
IL-3--tFMLP 100 
IL-3-+nedocromil sodium+FMLP 52 Ifs 7* 
Nedocromil sodium-+IL-3+FMLP 47 -+ 4* 

Cells were primed with GM-CSF (10 pmol/L) or IL-3 (100 
pmol/L) during 30 minutes at 37” C before chemotaxis in re- 
sponse to FMLP (10 nmol/L) was measured. Nedocromil sodium 
(0.1 FmoliL) was added 30 minutes before or after priming with 
the cytokines as indicated with nrrows. Values are presented as 
percentages 2 SE of controls of three different experiments. 
FMLP responses of GM-CSF and IL-3 primed cells were 
99 +- 10 cells/ 10 HPFs and 77 z? 5 cells/ 10 HPFs, respec- 
tively. The eosinophil purity was 85% ? 5%. Values indicated 
with * differed significantly from controls p < 0.05, paired I 
test. 

picomolar concentrations of the cytokines GM-CSF 
and IL-3, the above-mentioned neutrophil attractants 
become potent chemotaxins for eosinophils.6 Priming 
of eosinophils of healthy donors with these cytokines 
causes an increase in the sensitivity of the chemotactic 
response toward PAF.** A striking similarity exists 
between the response to PAF of cytokine-primed eo- 
sinophils from healthy donors and the response of 
eosinophils from the circulation of patients with al- 
lergic asthma.” 

In the present study we have evaluated the effects 
of the antiasthmatic drug nedocromil sodium as a pos- 
sible antagonist of eosinophil chemotaxis. Our data 
indicate that chemotactic responses of GM-CSF and 
IL-3 primed eosinophils toward FMLP and NAFIIL- 
8 are very sensitive for nedocromil sodium inhibition 
(I&-- 1 nmol / L) . Moreover, FMLP-induced che- 
motaxis of eosinophils from individuals with allergic 
asthma is very sensitive for nedocromil sodium in- 
hibition. This is especially evident for FMLP re- 
sponses of eosinophils isolated 3 hours after allergen 
bronchoprovocation. Responses of unprimed eosino- 
phils were less sensitive for nedocromil sodium. C5a- 
induced chemotaxis (Fig. I) and chemotaxis induced 
by zymosan-activated serum, PAF and LTB4, are in- 
hibited by nedocromil sodium with an I($,, 10 to 100 
nmol / L (Table I). ’ ‘. 31 These differences are not likely 
to be caused by the relative potency of the chemoat- 
tractant, because relatively weak chemoattractants of 
unprimed cells, like LTB4, are inhibited with the same 

Control 
Nedocromil sodium 

(100 nmol/L) 

67 ? 27 94 +- 29 
40 k 15 41 2 II* 

Effect of nedocromil sodium (0. I pmol/L) on chemotactic re- 
sponses toward FMLP (10 nmol/L) of eosinophils derived from 
the circulation of individuals with allergic asthma before and 
after allergen provocation. Eosinophil chemotaxis toward FMLP 
(10 nmol/L) was measured before (“before”) and 3 hours (“af- 
ter”) after bronchoprovocation with allergen. The chemotactic 
responses are expressed as means f SE of six different exper- 
iments. Eosinophil purities were 99% rt 3% and 91% 2 4% 
before and after the provocation, respectively. Values indicated 
with * differed significantly from controls p Cc 0.05, paired t 
test. 

sensitivity compared with relatively potent chemoat- 
tractants like C5a (Fig. 1, Table II).“, 3’ 

Nothing is known about the mode of action of ne- 
docromil sodium on human eosinophils. It is likely 
that the drug acts on a postreceptor event, because the 
mode of action is not restricted to one chemoattractant 
(receptor). It is interesting to note that the responses 
(PAF, IL-8, FMLP, C5a, and LTB,) that are particu- 
larly sensitive for nedocromil sodium are mediated by 
receptors that belong to a family of chemoattractant 
receptors characterized by seven transmembrane re- 
gions and G-protein linkage.3’ Therefore the mode of 
action of nedocromil sodium might be caused by the 
effect of a common denominator shared by these dif- 
ferent receptors. An interesting possibility in this re- 
spect are the G-proteins that are coupled to the re- 
ceptors. This action might then result in a change in 
number, conformation, affinity, or signal transduction 
of these receptors. It has been shown that GM-CSF 
alters the number and affinity of FMLP receptors ex- 
pressed on neutrophils.32, 33 These changes in FMLP 
receptors can modulate biologic responses.33 A study 
on FMLP and NAF/IL-8 receptor expression of eo- 
sinophils primed with cytokines and treated with ne- 
docromil sodium is currently under way. It is unlikely 
that inhibition of nedocromil sodium is caused by 
changes in Ca*+ homeostasis, because nedocromil so- 
dium does not influence PAF and zymosan activated- 
serum-induced transient rise in cytosolic free Ca’+ 
(34). Moreover, cytokine-primed eosinophil chemo- 
taxis is not sensitive for depletion of extracellular and 
intracellular Ca*+ (manuscript submitted for publi- 
cation). This situation is comparable with human neu- 
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trophils . 35 Moreover, the mode of action of nedo- 
cromil sodium is probably not caused by interference 
with early priming events, because the degree of in- 
hibition is the same when nedocromil sodium is added 
before or after the priming period (Table III). 

Nevertheless, these data subscribe to an antiinflam- 
matory effect of nedocromil sodium. Recently the cy- 
tokines GM-CSF, IL-3 and IL-5 have been demon- 
strated in the circulation of patients with allergic 
asthma.2o These cytokines might cause a primed state 
of eosinophils in the circulation of individuals with 
allergic asthma.** Because nedocromil sodium acts as 
a potent antagonist for the chemotactic responses of 
these cytokine-primed eosinophils, this might explain 
in part its antiinflammatory action and effects on bron- 
choconstriction in allergic asthmatic disease. 
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Inhibition by nedocromil sodium of 
recombinant human interleukin-54nduced 
lung hyperresponsiveness to 
platelet-activating factor in actively sensitized 
guinea pigs 

Marina Pretolani, PhD, Jean Lefort, BSc, and B. Boris Vargaftig, MD 
Paris, France 

Background: The intratracheal instillation of recombinant human interleukin-5 (rhIL-5) into 
isolated lungs j?om sensitized and antigen-boosted guinea pigs is followed by enhanced 
responses to platelet-activating factor (PAF). 
Methods: Modulation by nedocromil sodium of rhll-S-dependent hyperresponsiveness to PAF 
was investigated. Perfused lungs ffom guinea pigs actively sensitized to ovalbumin were injected 
intratracheally with 300 ng rhIL-5 followed by PAF (10 and 100 ng intraarterially). 
Results: No inhibition of rhll-S-induced increased bronchoconstriction and release of 
thromboxane (TX)B, and histamine by PAF was observed when nedocromil sodium (10 PmollL) 
was perfused into the lungs. In contrast, when guinea pigs were treated for 2 days (30 mglkg 
twice a day), eosinophil recruitment into the bronchoalveolar lavage jluid and 
hyperresponsiveness to PAF were markedly reduced (100% [p < O.OOl]; around 70% 
[p < 0.05] and around 90% [p < O.OOl] inhibition for bronchoconstriction, TXB, and 
histamine release, repectively). 
Conclusion: Our results indicate that nedocromil sodium prevents the rhll-S-induced lung 
hyperresponsiveness to PAF and the eosinophil migration into the airways only when it is 
administered in vivo. It is thus suggested that nedocromil sodium interferes with the 
development of airway infammation by inhibiting the recruitment in the lung of a target on 
which PAF and IL-5 interact. (J ALLERGY CUN IMMUNOL 1993;91:809-16.) 

Key words: Interleukin5, platelet-activating factor, nedocromil sodium, lung 
hyperresponsiveness, guinea pig, eosinophils, bronchoalveolar lavage 
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The late phase reaction of allergic asthma is asso- 
ciated with airway inflammation, activation of resi- 
dent lung cells, and migration into the airways of 
inflammatory cells, including eosinophils, neutro- 
phils, and lymphocytes.’ These cells may contribute 
to the amplification and to the perpetuation of the 
disease, particularly on repeated exposures to the al- 
lergen, by releasing cytotoxic enzymes and proinflam- 
matory mediators. As suggested recently, T lympho- 
cytes may play a major role in airway inflammation 
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