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Background: It is well known that allergen-specific nasal challenge (ASNC) is a fruitful tool 
with which to evaluate antiaUergic activity exerted by a drug. Azelastine is a new antihistamine 
also available in topical form (i.e., nasal spray). 
Objective: The aim of the study was to evaluate the effects of azelastine nasal spray on 
inflammatory changes after ASNC in both the ea@-phase reaction and the late-phase reaction. 
Methods: The study had a double-blind, placebo-controlled, randomized, and parallel-group 
design. Twenty patients with pollen allergy were enrolled out of  pollen season. ASNC was 
performed at baseline (TO) and after 1 week of  washout (T7). A t  T7, lO patients sprayed 
azelastine (1 puff) into their nostrils, and 10 patients used placebo. ASNC was performed 
after 30 minutes. The considered parameters (evaluated during early- and late-phase 
reactions) were: (1) clinical signs and symptoms, (2) cytologic assessment (neutrophils and 
eosinophils), (3) assay of  mediators (eosinophil cationic protein and myeloperoxidase), and 
(4) expression of intercellular adhesion molecule-1 (ICAM-1) on nasal epithelial cells. We 
focused our attention on ICAM-1 because it is the natural ligand of  leukocyte functional 
associated antigen-1 and Mac-l, expressed on eosinophils. In addition, ICAM-1 is expressed 
on epithelial cells only on allergen exposure (both natural and experimental). 
Results: Placebo did not exert any modification on the considered parameters. After 
azelastine administration, significant decreases in total symptom score, eosinophilic and 
neutrophilic infiltration, and ICAM-1 expression were observed during both early- and late- 
phase reactions. Furthermore, serum eosinophil cationic protein levels decreased during the 
late-phase reaction, whereas myeloperoxidase was not affected by the treatment. These findings 
were confirmed by the powerful Koch's split-plot statistical analysis. 
Conclusion: Azelastine exerts antiaUergic activity, mainly affecting eosinophil function and 
downregulating ICAM-1 expression, on nasal epithelial cells. (J Allergy Clin Immunol 1996; 
98:1088-96.) 
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It is now widely accepted that allergic rhinitis is 
sustained by an inflammatory response. After mast 
cell activation, release of mediators (such as hista- 
mine, arachidonic acid derivatives, and chemotac- 
tic substances) and infiltration of inflammatory 
cells (mainly neutrophils and eosinophils at the mu- 
cosal level) occur. Eosinophilic infiltrate may be 
regarded as the hallmark of allergic reactions. Sev 
eral pathophysiologic mechanisms are involved in 
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Abbreviations used 
ASNC: Allergen-specific nasal challenge 

ECP: Eosinophil cationic protein 
EPR: Early-phase reaction 

ICAM-I: Intercellular adhesion molecule-1 
LFA-I: Leukocyte functional associated 

antigen-1 
LPR: Late-phase reaction 
mAb: Monoclonal antibody 

eosinophil recruitment: release of cytokines (i.e., 
IL-3, IL-4, IL-5, and IL-8) exerting chemoattractant 
and activating effect and adhesion molecules. 1 

Eosinophils express o n  their surface the [32- 
integrin leukocyte functional associated antigen-1 
(LFA-1), which is the counterreceptor of intercel- 
lular adhesion molecule-1 (ICAM-t). Epithelial 
cells do not constitutively express ICAM-1 but do 
express it early on allergen exposure. This may, at 
least in part, account for adhesion, because eosin- 
ophils express LFA-1 and Mac-l, particularly on 
allergen activation? 4 

Azelastine, a phthalazinone derivative, is an 
antial!ergic drug with multiple activities. 5 In fact, 
azelastine demonstrates histamine H~-receptor an- 
tagonist action and also inhibits histamine release 
from both human and animal mast cells in re- 
sponse to a variety of stimuli such as anti-IgE 
serum, antigen, calcium ionophores, and com- 
pound 48/80. 6.9 By in vitro and in vivo studies, 
azelastine was demonstrated to prevent the activa- 
tion of inflammatory cells (e.g., basophils, neutro- 
phils, eosinophils, polymorphonuclear cells, and 
macrophages) and to inhibit the synthesis and/or 
release of  different mediators (e.g., leukotrienes, 
Ncx-p-tosyl-l-methyl ester, superoxide anion, oxy- 
gen free radicals and platelet activating factor). 6, 7 
In particular, azelastine inhibits antigen-induced 
production of leukotrienes (LTC 4 and LTD4), 
which inhibits the 5-1ipoxygenase pathway of ara- 
chidonic acid metabolism without affecting the 
cyclooxygenase pathway, because in vivo azelastine 
does not reduce prostaglandin D 2 levels on aller- 
gen challenge. 1~ 

In clinical trials, orally administered azelastine 
in doses up to 4 mg/day consistently relieved 
symptoms in patients with seasonal or perennial 
rhinitis. 5 In addition, azelastine nasal spray was 
effective in alleviating symptoms in patients with 
seasonal allergic rhinitis. H Finally, azelastine ex- 
erts a significant protective effect on aspecific 
bronchial challenge, s 

Because it was recently demonstrated that a 
single dose of oral azelastine is able to induce a 
significant reduction in sneezing and in recovered 
NoL-p-tosyl-l-methyl ester, leukotrienes, and kinins 
in nasal lavages during the early-phase reaction 
(EPR) after allergen-specific nasal challenge 
(ASNC), 1~ this study was designed to evaluate the 
effects of a single dose of azelastine nasal spray on: 
(1) clinical events, (2) cytologic parameters (i.e., 
neutrophils and eosinophils), (3) mediator levels 
(i.e., eosinophil cationic protein [ECP] and myelo- 
peroxidase), and (4) ICAM-1 expression on nasal 
epithelial cells during both the EPR and the late- 
phase reaction (LPR). 

METHODS 
Patients 

We studied 20 patients, aged 18 to 51 years, outside 
the pollen season. Patients were divided into two groups, 
with 10 patients in each group. The study had a double- 
blind, placebo-controlled, randomized, parallel-group 
design and compared the effect of treatment with azelas- 
tine nasal spray or placebo on the early and late re- 
sponses to nasal challenge with specific allergen. 

A first challenge was performed in all subjects. A 
washout period of 1 week was observed after the first 
challenge. A second challenge was performed 30 min- 
utes after a single dose of azelastine nasal spray (0.137 
mg) or placebo was administered. 

All patients had seasonal allergic rhinitis caused by 
only Parietaria judaica (Par j). All patients with allergy 
had a positive history (for at least 2 previous years), 
positive skin prick test results equal to or greater than 
+ + +  (3 mm or more; histamine = +++) ,  and RAST 
(equal to or greater than class III) only for the specific 
allergen. All patients with allergy were free of symptoms 
during the study and had negative skin test responses to 
house dust mite or pet dander. 

Results of local examination were negative in all 
subjects. At the time of admission, no subject had any 
upper or lower airway respiratory tract disease; they 
were not smokers. Patients with allergy were not treated 
with any kind of topical and/or systemic drug in the 6 
weeks preceding the study and had not previously re- 
ceived specific immunotherapy. The study was per- 
formed according to the Declaration of Helsinki: in- 
formed consent according to the rules of the ethical 
committee of our department was obtained from each 
patient. 

Allergens 
The Par j extract (the same used for skin prick tests, 

kindly provided by Bayropharm-DHS, Bayer Group, 
Milan, Italy) stored as a lyophilized powder at 4 ~ C, was 
reconstituted in the diluent (saline human albumin 
0.03%) within 24 hours before the test. 

The concentration was expressed as allergen units by 
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FIG. 1. Patients' total symptom scores after specific allergen nasal challenge, evaluated at TO 
and T7. Median values are represented by thick bars. 

RAST per milliliter (AUR/ml); seven different dilutions 
were used: 10, 25, 50, 100, 250, 500, and 1000 AUR/ml. 

A S N C  

Nasal challenge was performed according the method 
described by Naclerio at al. 12 and modified by us, as 
previously described? In brief, two preliminary 10 ml 
lavages with lactated Ringer's solution at 37~ were 
performed to remove secretions and establish a stable 
baseline. One-tenth milliliter of a solution of oxymeta- 
zoline hydrochloride, 0.05% (Nasivin, Bracco, Italy), was 
then applied. This drug is an e~-adrenostimulator, which 
prevents excessive congestion of the nasal mucosa after 
allergen challenge and allows for the continuation of 
nasal lavages, guaranteeing nasal patency. In addition, 
oxymetazoline does not influence mediator release. 
Then, nasal lavage for cytologic assessment and media- 
tor assay was performed as described below. Challenges 
with the vehicle used for the antigen (diluent, such as 
saline albumin 0.03%) were performed to rule out 
nonspecific hyperreactivity to the delivery system. No 
clinical reaction was observed after diluent challenge. 
Cytologic evaluation on nasal lavages performed as 
described below after diluent challenge invariably 
showed total inflammatory cell counts of less than 3 (as 
in a subject free of symptoms undergoing nasal lavage 
without any challenge). Then a series of challenges with 
increasing doses of antigen (as mentioned above) were 
begun at standard time intervals (usually 15 minutes) 
until a nasal clinical reaction was elicited, according to 
our previous reports. 4 

The initial allergen concentration used for nasal chal- 
lenge was the same as that of the end-point skin test. 
Allergen solutions were blown into the nose by using a 
metered pump spray delivering one puff/volume (90 + 2 
p J) in one nostril, with the patient holding his or her 
breath in full inspiration to avoid bronchial provocation. 

After administering the spray, the patient was allowed to 
wipe his or her nose but not blow it. 

Nasal lavages for cytologic examination and mediators 
(see below) were performed 30 minutes (i.e., EPR) and 
6 hours (i.e., LPR) after clinical reaction. The same 
allergen dose was used for both nasal challenges (TO and 
T7). 

Clinical  eva lua t ion  

The clinical reaction was assessed as total symptom 
score according to an arbitrary 4-point rating scale, from 
0 to 3 (0 = absent, 1 = mild, 2 = moderate, 3 = severe), 
increasing for severity in both nostrils. Nasal itching, 
sneezing, rhinorrhea, and congestion were considered 
(for sneezing evaluation 1 to 4 sneezes were graded as 
"mild," 5 to 8 as "moderate," and 9 or more as "se- 
vere"). Signs were separately evaluated by two physi- 
cians, and symptoms were spontaneously reported by the 
subjects. Patients were clinically evaluated hourly (up to 
the tenth hour). 

A total symptom score after challenge higher than 7 
was considered a positive response during the early 
phase, according to our previous reports, 4 so allergen 
threshold dose was defined for each subject. Late phase 
was recognized when total symptom score was not less 
than 2, according to our previous reports?  

Cyto log ic  assessment  

Nasal secretions were obtained according to the fol- 
lowing method. Each subject extended his or her neck 
backward while holding his or her breath; and 3 ml of 
lactated Ringer's solution, prewarmed to 37 ~ C, was 
instilled into each nostril. Approximately 10 seconds 
after instillation, the fluid (2 -+ 0.5 p J) was expelled into 
a plastic tray and transferred to a 10 ml polypropylene 
tube. Then the lavages were centrifuged at 1400 g for 10 
minutes, and each pellet was resuspended in phosphate- 
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TABLE I. Results of EPR after ASNC 

Parameter Time 

Median change 
(minimum-maximum) 

Azelastine Placebo p Value 

Total symptom score TO 
T7 

Neutrophils TO 
T7 

Eosinophils TO 
T7 

ICAM-1 TO 
T7 

Soluble ECP TO 
T7 

Soluble MPO TO 
T7 

i0 (7-12) 
7 (3-10) 

45 (28-80) 
28 (10-49) 
13.5 (9-22) 
8.5 (4-15) 
4 (2-4) 
2 (1-2) 

33 (20-43) 
29 (19-35) 
88 (10-132) 
81 (41-119) 

10 (8-11) 
10 (8-12) 
39 (22-70) 
37 (24-63) 
12 (5-21) 
14 (6-19) 
3.5 (3-4) 
3 (3-4) 

30 (19-42) 
30 (20-41) 
93 (25-184) 
89 (12-185) 

NS 
0.01 
NS 

O.Ol 
NS 

0.03 
NS 

0.001 
NS 
NS 
NS 
NS 

NS, Not significant; MPO, myeioperoxidase. 

TABLE II, Results of LPR after ASNC 

Parameter Time 

Median change 
(minimum-maximum) 

Azelastine Placebo p Value 

Total symptom score TO 
T7 

Neutrophils TO 
T7 

Eosinophils TO 
T7 

ICAM-1 TO 
T7 

Soluble ECP TO 
T7 

Soluble MPO TO 
T7 

3 (1-3) 3 (2-3) NS 
1 (i-2) 3 (2-3) 0.01 

39 (18-63) 28 (19-63) NS 
20 (10-79) 26 (18-60) 0.01 
17 (10-26) 16 (10-26) NS 
11 (8-20) 17 (12-25) 0.01 
2 (1-3) 2 (1-3) NS 
1 (0-3) 2 (1-3) 0.05 

40 (27-50) 40 (25-52) NS 
25 (11-37) 41 (30-56) 0.01 

100 (48-170) 96 (23-163) NS 
85 (41-166) 87 (20-111) NS 

buffered saline solution (2 ml); cell suspensions were 
filtered to reduce the quantity of mucus, and cytospin 
slides were prepared with standard techniques. 

Eosinophils, neutrophils, and epithelial cells were differ- 
entiated by May-Griinwald-Giemsa staining. The slides 
were read with an optic microscope (Leitz Laborlux Mi- 
croscope, 250• focus; Leitz, Milan, Italy). The number Of 
inflammatory cells (neutrophils, eosinophils) was consid- 
ered as a total number of any cell type per each micro- 
scopic field: the data are expressed as a mean of 10 fields. 
Slides were examined by two investigators blinded to the 
identity of the samples. 

I m m u n o c y t o c h e m i s t r y  

An immunoenzymatic alkaline phosphatase-antialka- 
line phosphatase complex procedure, modified from the 
method of Cordell et al., 13 was used. Specimens were 
air-dried at room temperature for 30 minutes and sub- 

jected to 1:50 dilution of purified CD54 monoclonal 
antibody (mAb) (1 mg/ml, 84H10, IgGa; Immunotech, 
Marseille, France) or to 1:100 dilution of anti-cytokera- 
tin mAb (aCK19, IgGj; DAKO, Milan, Italy) as a 
marker of epithelial cells. After Washing in phosphate- 
buffered saline (pH 7.6), samples were incubated with 
rabbit anti-mouse immunoglobulin, followed by alka- 
line phosphatase-antialkaline phosphatase complex. 
Afterward, specimens were incubated in substrate 
solution containing basic new fuchsin, napthol AS-BI 
phosphate, and levamisole as an inhibitor of endoge- 
nous alkaline phosphatase (Sigma Chemical Co., St. 
Louis, Mo.). In control samples either mAb or anti- 
mouse immunoglobulin was omitted. As negative iso- 
type control for CD54 staining on epithelial cells, an 
anti-T-lymphocyte (CD3) mAb OKT3, IgG1, (Ortho 
Diagnostic, Raritan, N.J.) at 1:20 dilution of the stock 
solution (provided by the manufacturer)  was used. 
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FIG. 2. Neutrophi l  counts at TO and T7, before challenge (PRE-CHALL.) and after challenge (EPR 
and LPR). Median values are shown as horizontal thick bars. 

The dilutions were established on the basis of previous 
titration experiments. 

All preparations were counterstained with Carazzi's 
hematoxylin and examined by two investigators blinded 
to the identity of the samples. CD54 expression on 
epithelial ceils was expressed according to a 4-point 
rating scale, from 0 to 4 where 0 = no positive cells, 1 = 
mild positivity on 25% of epithelial cells, 2 = mild 
positivity on 75% of epithelial cells, 3 = intense positiv- 
ity on 75% of epithelial cells, and 4 = very intense 
positivity on all epithelial cells, according to our previous 
reports, z-4 

Mediator dosage 
ECP and myeloperoxidase levels in nasal lavages were 

assessed according to the methods described by 
Klementsson et al. 14 and Venge et al., 15 by radioimmu- 
noassay, with the use of commercially available kits 
(Kabi-Pharmacia Diagnostic, Milan, Italy). 

Statistical analysis 
Because the variables considered are not normally 

distributed, the Mann-Whitney test for unpaired sam- 
ples was used to determine the median change between 
placebo and active treatment groups. Wilcoxon test for 
paired samples was used to compare the intragroup 
median changes between TO and T7. In addition, a 
split-plot analysis according to Koch ~6 (no Geisser- 

Grenhouse asphericity correction) with Dunn-Sidak cor- 
recting procedure 17, ~8 was applied. This latter powerful 
test globally determines, for each parameter, whether 
administration of either azelastine or placebo modifies 
the response pattern to nasal challenge. 

RESULTS 

All subjects had  a clinical E P R  af ter  nasal  
challenge,  Six pat ients  in the p lacebo  group  and 
five pa t ien ts  in the azelast ine g roup  also showed a 
clinical L P R  (Fig. 1). No significant difference 
be tween  the two groups  was observed  at TO for  all 
the cons idered  pa ramete r s .  The  in te rgroup com-  
par isons  at TO and T7 are summar ized  in Table  I 
for  E P R  and in Table  I I  for  LPR.  

Clinical scores 

The  aze las t ine- t rea ted  pat ients  showed a signif- 
icant i m p r o v e m e n t  in total  s y m p t o m  score af ter  
specific chal lenge c o m p a r e d  with pat ients  in the 
p lacebo  g roup  (EPR,  p = 0.01; LPR,  p = 0.01) as 
shown in Fig. i and Tables  I and II. The  in te rgroup 
compar i son  (TO vs T7) conf i rmed this effect for  the 
azelast ine group  ( E P R  and LPR,  p = 021) .  No  
difference was observed  in the p lacebo  group.  
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FIG. 3. Eosinophil counts at TO and T7, before challenge (PRE-CHALL.) and after challenge (EPR 
and LPR). Median values are shown as horizontal thick bars. 

Cytologic assessment 

A significant reduction of neutrophilic (Fig. 2) 
and eosinophilic (Fig. 3) infiltration was observed 
only in the azelastine group both during EPR and 
LPR, when compared with the placebo group, as 
shown in Tables I and II. 

ICAM-1 on epithelial cells 

A significant decrease of ICAM-1 expression 
was evidenced in the azelastine group after chal- 
lenge both during EPR (p = 0.01) and LPR (p = 
0.05), as shown in Fig. 4 and reported in Tables I 
and II. The ICAM-1 expression decrease in the 
active group was also confirmed by the intragroup 
comparison (EPR, p = 0.004; LPR, p = 0.01). 

Mediators 

ECP in nasal lavage fluid decreased only during 
LPR in the azelastine-treated group (Fig. 5). This 
decrease was significant in both intergroup (p = 
0.01) and intragroup (p = 0.003) comparisons. No 
significant change in myeloperoxidase levels was 
observed in the two groups. 

Finally, the Koch's split-plot analysis, which glo- 
bally assesses the effect of the drug on the nasal 
challenge response pattern (irrespective of LPR 

occurrence), confirmed the quoted findings with 
high significance for symptom score, cellular infil- 
tration, ICAM-1 expression, and ECP (p < 0.001). 
Furthermore, the Koch's test provided high repro- 
ducibility values (i.e., near 100%) of the experi- 
mental model for all parameters except myeloper- 
oxidase. 

No important adverse event was observed. 
Three actively treated subjects reported an alter- 
ation in taste. 

DISCUSSION 

It is well known that allergic rhinitis is charac- 
terized by inflammatory cell infiltrate, mainly con- 
sisting of leukocytes and mast cells. Mast cells, 
when activated by specific allergen, are able to 
release some mediators that induce immediate 
clinical events, such as histamine and substances 
with chemoattractant activity such as cytokines 
(i.e., IL-4, IL-5, IL-6, IL-8, and tumor necrosis 
factor-~). 19-21 Then cytokines are synthesized, as 
well as secreted, in the active form. Cytokines 
upregulate adhesion molecule expression and their 
shedding, thus allowing further recruitment of 
inflammatory cells. 22 The above described events 
are crucial steps in the pathogenesis of allergic 
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inflammation. In addition, a neutrophilic infiltrate 
predominates in bronchial biopsy specimens of 
patients who died suddenly as a result of asthma 
attacks. 23 

On the other hand, eosinophils are the principal 
inflammatory cells of allergic reaction, mainly me- 
diating mucosal damage, because they release ba- 
sic proteins able to produce typical epithelial des- 
quamation. 24 In addition, eosinophils per se may 
induce inflammatory infiltration because ECP is 
able to induce ICAM-1 expression on nasal epithe- 
lial cellsY Moreover, IL-4 eosinophil priming in- 
duces a specific chemotactic response to IL-8. 21 
Tumor necrosis factor-eL induces ICAM-1 expres- 
sion on the epithelium? In this regard, it has been 
demonstrated that epithelial cells (both nasal and 
conjunctival) of normal subjects do not express 
ICAM-1, whereas ICAM-1 expression on both 
nasal and conjunctival epithelial cells occurs early 
in patients with allergy on allergen-specific chal- 
lenge, as well as during natural exposure to the 
allergen.l-4. 26 This molecule is important because 
it is the natural ligand of LFA-1, a 132-integrin 
expressed on leukocytes. 

Therefore it is possible to partially explain why 
inflammatory cell influx occurs as an early event: in 
fact, activated mast cells may promote and induce 
the early inflammatory phenomena through the 
above-mentioned proinftammatory substances. Be- 
cause azelastine is a drug with multiple actions on 
allergic pathophysiologic mechanisms, we aimed at 
evaluating its antiallergic activity. 

As expected, clinical parameters significantly 
improved in patients treated with azelastine. This 
phenomenon may be explained by its antihista- 
minic activity, as far as the early phase is con- 
cerned. Moreover, azelastine diminished clinical 
late phase (Fig. 1) and reduced the inflammatory 
infiltrate during both early and late phase. It is 
well known that late-phase phenomena are 
strictly related to inflammatory events and 
that they are more similar to allergic response 
occurring during natural exposure to the aller- 
gen. 27 A possible explanation of this antiallergic 
activity may be related to its activity of down- 
regulation of ICAM-1 expression on epithelial 
cells during the early phase. In fact, if epithelial 
cells express fewer ICAM-1 molecules, inflam- 
matory cell adhesion contact is likely to be 
reduced. 

On the basis of both our results (Fig. 4) and 
evidence from the literature, it is possible to hy- 
pothesize that azelastine may induce downregula- 
tion of ICAM-1 expression in different ways: (1) by 

acting on epithelial cells directly; (2) by acting on 
mast ceils because these cells are able to release 
soluble factors, which upregulate ICAM-1 expres- 
sion, and azelastine was demonstrated to reduce 
release of some mast cells products; (3) by acting 
indirectly because ECP may also upregulate 
ICAM-1 expression and a less abundant eosino- 
philic infiltrate results in lower ICAM-1 expres- 
sion. This is consistent with the observed signifi- 
cant decrease of ECP recovered in nasal fluid, 
after specific allergen challenge, in azelastine- 
treated patients (Fig. 5). ECP is produced by 
eosinophils; however, its levels better correlate 
with the activation state than with the absolute 
numbers of cells. Neutrophil behavior is more 
variable. In the data obtained from this study, 
neutrophil influx in EPR was even more pro- 
nounced than in LPR, at variance with other 
reports. 4,28,29 Myeloperoxidase levels, which re- 
flect neutrophil activation, were highly dispersed 
and not affected by azelastine treatment. Taken 
together, these data strongly suggest a significant 
antiallergic effect of topical azelastine on local 
allergic inflammation induced by ASNC. The re- 
duction of inflammatory cell counts, ICAM-1, ex- 
pression on nasal epithelial cells, and ECP levels in 
the nasal fluid, which are closely related to acti- 
vated cell recruitment, were dramatically reduced 
by the treatment. 

REFERENCES 

1. Canonica GW, Ciprandi G, Buscaglia S, Pesce GP, Bag- 
nasco M. Adhesion molecules of allergic inflammation: 
recent insights into their functional roles. Allergy 1994;49: 
135-41. 

2. Ciprandi G, Buscaglia S, Pesce GP, Villaggio B, Bagnasco 
M, Canonica GW. Allergic subjects express intercellular 
adhesion molecules-1 (ICAM-1 or CD54) on epithelial cells 
of conjunctiva after allergen challenge. J Allergy Clin 
Immunol 1993;91:783-92. 

3. Ciprandi G, Pronzato C, Rieea V, Bagnasco M, Canonica 
GW. Evidence of ICAM-1 expression on nasal epithelial 
cells in acute rhinoconjunctivitis due to pollen exposure. 
J Allergy Clin Immunol 1994;4:738-46. 

4. Ciprandi G, Pronzato C, Rieca V, Passalacqua G, Bagnasco 
M, Canonica GW. Allergen-specific challenge induces in- 
tercellular adhesion molecule-1 (ICAM-1 or CD54) on 
nasal epithelial cells in allergic subjects: relationships with 
early and late inflammatory phenomena. Am J Respir Crit 
Care Med 1994;150:1653-9. 

5. McTavish D, Eugene M. Sorkin azelastine: a review of its 
pharmacodynamic and pharmacokinetic properties and 
therapeutic potential. Drugs 1989;38:778-800. 

6. Chand N, Pillar J, Diamantis W, Sofia RD. Inhibition of 
IgE mediated allergic histamine release from rat peritoneal 
mast cells by azelastine and selected antiallergic drugs. 
Agents Actions 1985;16:318-22. 

7. Fields DAS, Pillar J, Diamantis W, Perhach JL Jr, Sofia 



1096 C ip rand i  et al. J ALLERGY CLIN IMMUNOL 
DECEMBER 1996 

RD, Chand N. Inhibition by azelastine of non allergic 
histamine release from rat peritoneal mast cells. J Allergy 
Clin Immunol 1984;73:400-3. 

8. Fisher B, Schmutzler W. Inhibition by azelastine of immu- 
nologically induced histamine release from isolated guinea 
pig mast cells. Arzneimittelforschung 1981;31:1193-5. 

9. Katayama S, Tsunoda H, Sakuma Y, Kai H, Tanaka I, et al. 
Effect of azelastine on the release and action of leukotriene 
C4 and D4. Int Arch Allergy Immunol 1987;83:284-9. 

10. Shin MH, Baroody F, Proud D, Kagey-Sobotka A, Licht- 
enstein LM, Naclerio RM. The effect of azelastine on the 
early allergic response. Clin Exp Allergy 1992;22:289-95. 

11. Meltzer EO, Weiler JM, Dockhorn RJ, Widlitz MD, Fre- 
itag JJ. Azelastine nasal spray in the management of 
seasonal allergic rhinitis. Ann Allergy 1994;72:354-9. 

12. Naclerio RM, Meier HL, Kagey-Sobotka A, et al. Mediator 
release after nasal airway challenge with allergen. Am Rev 
Respir Dis 1983;128:597-602. 

13. Cordell JL, Falini B, Erber WN, Ghosh AK, Abdulaziz Z, 
McDonald S, et al. Immunoenzymatic labelling of mono- 
clonal antibodies using immune complexes of alkaline 
phosphatase and monoclonal anti-alkaline phosphatase 
(APAAAP complexes) J Histochem Cytochem 1984;32: 
219-45. 

14. Klementsson H, Svensson C, Andersson M, Venge P, 
Pipkorn U, Persson GA. Eosinophils, secretory responsive- 
ness and glucocorticoid-induced effects on the nasal mu- 
cosa during a weak pollen season. Clin Exp Allergy 1991; 
21:705-10. 

15. Venge P, Roxin LE, Olsson I. Radioimmunoassay of hu- 
man eosinophil cationic protein. Br J Haematol 1977;37: 
331-5. 

16. Koch GG. The use of non-parametric methods in the 
statistical analysis of a complex split-plot experiments. 
Biometrics 1970;26:105-28. 

17. Lundbrook J. On making multiple comparisons in clinical 
and experimental pharmacology and physiology. Clin Exp 
Pharmacol Physiol 1991;18:379-92. 

18. Hamilton MA, Collings BJ. Determining the appropriate 
sample size for nonparametric tests for location shift. 
Technometrics 1991;33:327-31. 

19. Walker C. Editorial: Interleukin-8 is a potent eosinophil 
chemoattractant. Clin Exp Allergy 1994;24:203-6. 

20. Sehmi R, Cromwell O, Wardlaw AJ, Moqbel R, Kay AB. 
Interleukin-8 is a chemoattractant for eosinophils puri- 
fied from subjects with blood eosinophilia but not from 
normal healthy subjects. Clin Exp Allergy 1993;23:1027- 
36. 

21. Villar MTA, Douglass J, Shute T, Church MK, Holgate ST. 
Interleukin-8 is a chemoattractant for eosinophils primed 
with interleukin-4 [abstract]. Am Rev Respir Dis. 1993;i47: 
A242. 

22. Calderon E, Lockey RF. A possible role for adhesion 
molecules in asthma. J Allergy Clin Immunol 1992;90:852- 
65. 

23. Sur S, Crotty TB, Kephart GM, Hyma BA, Colby TV, Reed 
CE, et al. Sudden-onset fatal asthma. Am Rev Respir Dis 
1993;148:713-9. 

24. Bousquet J, Chanez P, Lacoste JY, Barneon J, Ghavanian 
N, Enander I, et al. Eosinophilic inflammation in asthma. 
N Engl J Med 1990;323:1033-9. 

25. Altman LC, Garrison HA, Baker C, Luchtel DL. Cytokines 
and eosinophil-derived cationic proteins upregulate inter- 
cellular adhesion molecule-I on human nasal epithelial 
cells J Allergy Clin Immunol 1993;92:527-36. 

26. Ciprandi G, Buscaglia S, Pesce GP, Bagnasco M, Canonica 
GW. ICAM-1/CD54 expression on conjunctival epithelium 
during pollen season. Allergy 1995;50:186-7. 

27. Durham SR. The significance of late responses in asthma. 
Clin Exp Allergy 1991;21:3-7. 

28. Pelikan Z, Pelikan-Filipek M. Cytologic changes in the 
nasal secretions during the immediate nasal response. 
J Allergy Clin Immunol 1988;82:1103-12. 

29. Pelikan Z, Pelikan-Filipek M. Cytologic changes in the 
nasal secretions during the late nasal response. J Allergy 
Clin Immunol 1989;83:1068-79. 

Bound volumes available to subscribers 
Bound volumes of The Journal of Allergy and Clinical Immunology are available to subscribers 

(only) for the 1996 issues from the Publisher, at a cost of $80.50 for domestic, $107.54 for Canadian, 
and $100.50 for international subscribers for Vol. 97 (January-June) and Vol. 98 (July-December). 
Shipping charges are included. Each bound volume contains a subject and author index, and all 
advertising is removed. Copies are shipped within 30 days after publication of the last issue in the 
volume. The binding is durable buckram with the journal name, volume number, and year stamped 
in gold on the spine. Payment must accompany all orders. Contact Mosby-Year Book, Inc., 
Subscription Services, 11830 Westline Industrial Dr., St. Louis, MO 63146-3318; phone 1 (800) 
453-4351 or (314) 453-4351. 

Subscriptions must be in force to qualify. Bound volumes are not available in place of a regular 
journal subscription. 


