
Rhinitis, sinusitis, and upper airway disease

Petasol butenoate complex (Ze 339) relieves allergic
rhinitis–induced nasal obstruction more effectively than
desloratadine
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Background: Allergic rhinitis symptoms of itching, sneezing,
rhinorrhea, and nasal obstruction significantly decrease
patients’ quality of life. Compared with histamine and
leukotriene receptor antagonists, the petasol butenoate complex
Ze 339 displays pharmacologically distinct properties. In vitro it
inhibits the biosynthesis of leukotrienes and mediator release
from activated eosinophils.
Objective: This study aimed to assess the efficacy and mode of
action of Ze 339, desloratadine, and placebo on allergic rhinitis
symptoms, nasal airflow, and local mediator levels after
unilateral nasal allergen provocation.
Methods: In this double-blind, randomized, crossover study 18
subjects with allergic rhinitis to grass pollen received Ze 339,
desloratadine, and placebo for 5 days before nasal allergen
challenge with grass pollen extract. Rhinomanometry, symptom
assessment, and local inflammatory mediator measurement
were performed during the 24 hours after allergen challenge.
Results: With Ze 339, the patient’s time to recovery (5.4 6 1.6
hours) from nasal obstruction after allergen challenge (time for
return to 90% of baseline value 6 SEM) was significantly
shorter than with placebo (9.1 6 2.3 hours, P 5 .035) and
desloratadine (10.7 6 2.5 hours, P 5 .022). Likewise, Ze 339’s
standardized symptom assessment for nasal obstruction (3.2 6
1.3 hours) showed significantly faster relief (time for return to
baseline value 6 SEM compared with placebo, 8.3 6 2.4 hours;
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P 5 .027) and desloratadine (4.5 6 1.2 hours, P 5 .030). One
interesting finding was that Ze 339 significantly reduced IL-8
and leukotriene B4 levels in nasal secretions before challenge.
Conclusion: When compared with desloratadine and placebo,
Ze 339 shows better efficacy in relieving nasal obstruction
symptoms and inhibiting critical components of the chemokine
network and as such represents a novel symptomatic and
possible prophylactic treatment for allergic rhinitis. (J Allergy
Clin Immunol 2011;127:1515-21.)

Key words: Randomized controlled trial, allergic rhinitis, nasal ob-
struction, rhinomanometry, IL-8, leukotriene B4, histamine, Ze 339,
petasol butenoate complex, Petasites hybridus, desloratadine, nasal
allergen challenge

With its average prevalenceof 25%, allergic rhinitis, or hay fever,
is the most common atopic disease in the industrialized world.1

Symptoms of itching, sneezing, rhinorrhea, and nasal obstruction
significantly decrease quality of life and increase the risk of having
asthma.2-4The effective therapeuticmanagement of allergic rhinitis
and, in particular, nasal obstruction remains a critical issue.
With allergen exposure, nasal obstruction occurs within min-

utes and lasts for hours throughout the late-phase response. Mast
cells and eosinophils immediately release inflammatory media-
tors (eg, histamine and arachidonic acid metabolites), whereas
sensory nerve endings release neurogenic peptides (eg, substance
P). These mediators cause vasodilatation and plasma exudation,
resulting in nasal mucosal edema.5-7

Mediator release (eg, histamine and leukotriene B4 [LTB4])
promotes vasodilatation but also induces the expression of proin-
flammatory and chemotactic cytokines, such as IL-8, from epithe-
lial cells.8 Both the combined secretion and de novo expression of
chemokines, including IL-8 or CCL-5 (RANTES), promote even
further recruitment of leukocytes into the nasal mucosa, and this
cascade represents a critical step in the allergic late-phase re-
sponse. Ideally, a symptomatic treatment would block both early-
and late-phase responses to prevent nasal obstruction. For most
patients, nasal obstruction represents the dominant symptom,
causing discomfort and having a negative effect on both quality
of life and work productivity.1-5,9

Current allergic rhinitis treatment is based on 3 approaches:
allergen avoidance, specific immunotherapy, and pharmacother-
apy, in which common drugs include histamine H1 receptor
antagonists. Second-generation antihistamines provide good
symptom control and anti-inflammatory properties, and recent
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data report a statistically significant relief of nasal blockage.7,9

Nevertheless, physicians’ treatment decisions are based primarily
on their experiences with allergic patients,10 and antihistamine
treatment for nasal congestion is discussed controversially.
Topical steroids act through generic anti-inflammatory mech-

anisms and provide good control of all nasal symptoms but face
patients’ reservations to steroids. One meta-analysis reports that
the use of leukotriene receptor antagonists for allergic rhinitis is
not more effective than the use of antihistamines or topical nasal
steroids.11 Alternate treatment options that restore nasal airflow
without the side effects of sympathomimetic topical nasal decon-
gestants are thus needed.
Ze 339 is a carbon dioxide extract derived from the leaves of a

special variety (Petzell) ofPetasites hybridus registered at the Euro-
pean Community Plant Variety Office. Currently, Ze 339 is avail-
able by prescription in Switzerland and elsewhere for treating
allergic rhinitis. In vitro studies show that Ze 339 blocks degranula-
tion in activated immune cell populations and also inhibits leukotri-
ene biosynthesis.12,13 Previous clinical trials indicated that the
efficacy of Ze 339 was similar to that of cetirizine and fexofenadine
during the peak season in patients with allergic rhinitis.14,15 How-
ever, proof of concept in a defined allergic model and mechanistic
insight into the drug’s mode of action were lacking. The aim of
this study was therefore to assess the ability of Ze 339 to relieve na-
sal congestion in an allergic rhinitis model investigated outside of
the pollen season and to compare the results with those seen after
placebo and a commonly used antihistamine. The second objective
was to generate a hypothesis regarding the mode of action by ana-
lyzing the expression of inflammatorymediators innasal secretions.

METHODS

Study population
At one site (the Department of Otorhinolaryngology, Heinrich Heine

University Hospital, Dusseldorf, Germany), we recruited 18 otherwise healthy

adult volunteers with at least a 2-year medical history of moderate-to-severe

allergic rhinitis to grass pollen. Patients with further sensitizations were only

included if there were no exposures during the study. Consequently, none of

the included patients had nasal symptoms before grass pollen allergen

exposure. Subjects were included when the skin prick test response to grass

pollen allergens was positive, showing a raised wheal of at least 3 mm in

diameter when compared with that seen after application of a negative control

(Allergopharma Grass Pollen mixture; Allergopharma, Reinbek, Germany).

Additionally, grass pollen–specific IgE levels were 0.7 to 3.5 IU/mL,

corresponding to a RAST class of 2 (Pharmacia CAP, Uppsala, Sweden) or

greater. Exclusion criteria included asthma with an FEV1 of less than 80% of

predicted value, other types of rhinitis, sinusitis, current or concomitant anti-

allergic or anti-inflammatory drug use, and pregnancy. Each participant pro-

vided written informed consent before entering the study.

Study medication
The medications investigated (Ze 339, placebo, and desloratadine) were

dispensed in a double-blind, double-dummymanner by using blinded vials. Ze
339 was provided as film-coated tablets containing 20 mg of a carbon dioxide

extract from leaves of a registered Petasites hybridus (Petzell) variety. The ac-

tive comparator, desloratadine (Aerius [Schering-Plough Canada, Inc, Kirk-

land, Quebec, Canada] or Clarinex [Merck & Co, Inc, Whitehouse Station,

NJ]), a nonsedative, long-acting, and selective H1-receptor antagonist and

common allergic rhinitis treatment, was filled in hard gelatin capsules. Corre-

sponding placebos, manufactured in accordance with current good

manufacturing practice and EuropeanMedicines Agency GoodMedical Prac-

tice Annex 13 byMaxZeller S€ohneAG, Romanshorn, Switzerland, were iden-

tical in color, shape, and appearance to the investigational preparations.

Desloratadinewas taken once in the morning, whereas Ze 339was taken twice

daily (morning and evening). A double-dummy approach was chosen with the

crossover design; the daily treatment contained 1 tablet and 1 capsule in the

morning and 1 tablet in the evening (either placebo or active drug). Drug ac-

countability was checked after each treatment sequence before nasal allergen

challenge. Max Zeller S€ohne AG (sponsor) commissioned the generation of

the randomization sequence. The study was unblinded after database closure.

Study design
This exploratory, monocentric phase II trial was performed between

January and April (ie, not during the grass pollen season). A prospective,

randomized, double-blind, double-dummy, 3-arm crossover design (Latin

square) was chosen. Every subject randomly received each treatment for 5

days (Fig 1). Patients were randomly allocated to 6 different treatment se-

quences (n 5 3 per sequence). The following sequences represent the 6 pos-

sible treatment allocations: (A, B, C), (A, C, B), (B, A, C), (B, C, A), (C, A,

B), and (C, B, A), with A referring to Ze 339, B referring to placebo, and C

referring to desloratadine. There were no dropouts during the study.

On the fifth day (after the morning dose), a unilateral nasal allergen

challenge was performed with a nasal spray application. Primary and

secondary end points were assessed during the 24 hours after nasal allergen

challenge. At least 10 days (5 days of treatment and at least 5 days of washout)

elapsed between each nasal allergen challenge. Pollen exposure was followed

by using the regional pollen count service. Continuous monitoring, including

vital signs and adverse event documentation, was undertaken throughout the

study. Routine laboratory tests were assessed before and after the study.

Blinded experimental laboratory tests were performed in the Allergy and

Clinical Immunology Section, Imperial College London. Both clinical and

laboratory study data were monitored by the independent University Hospital

Clinical Research Coordination Center in accordance with the International

Conference on Harmonization guidelines for Good Clinical Practice and the

Declaration of Helsinki. The trial was approved by the Ethics Committee,

University of D€usseldorf, and registered at http://www.ClinicalTrial.gov

(NCT00862225).

Allergen challenge
On the day of provocation (ie, treatment day 5), the respiratory tract was

examined. Next, nasal lavagewith 0.9%NaCl solution in a 10-mL syringewas

used to rinse the provocation side before clinical assessments. Subsequently,

subjective symptoms were recorded through visual analog scales (VASs),

rhinomanometry was used to measure nasal obstruction, and the baseline

collection of nasal secretions was performed with adsorbent discs. A solvent

provocation was performed to exclude unspecific hyperreactivity of the nasal

mucosa, and clinical assessments were repeated, thereby providing baseline

values for clinical parameters. Then 2 puffs of a grass pollen solution (25,000

BU/mL, Allergopharma) were applied into 1 nostril.

Clinical assessments
The primary outcome parameter was resolution of nasal obstruction, which

was defined as restitution of nasal airflow in a time-dependent manner

subsequent to unilateral nasal allergen challenge. At baseline and then 15

minutes and 1, 2, 3, 4, 5, 6, 7, and 24 hours after baseline, anterior

rhinomanometry (Rhinotest, 2000 plus; EVG GmbH, B€ohl-Iggelheim,

Germany) was performed, with the nasal airflow being measured in cubic

centimeters per second (150 Pa) at ambient room conditions. For each subject

http://www.ClinicalTrial.gov


FIG 1. Study design. Ze 339, desloratadine, and placebo were applied in a randomized 3-way crossover

design. Medication was taken for 5 days, and allergen challenge was performed on the fifth day of

treatment.

TABLE I. Demographic data of enrolled subjects

Subjects, no. 18

Male sex, no. (%) 7 (38.9)

Female sex, no. (%) 11 (61.1)

Age (y), mean (minimum-maximum) 29.3 (21-51)

Weight (kg), mean (minimum-maximum) 71.8 (50-96)

Height (cm), mean (minimum-maximum) 173.2 (160-185)

FIG 2. Determination of nasal flow by means of anterior rhinomanometry

after baseline measurement at time point 0 and nasal allergen challenge. A,

Median nasal air flow over time (relative change from baseline). B, AOC 3

hours after nasal allergen challenge (means6 SEMs). C, AOC 24 hours after

nasal allergen challenge (means6 SEMs). Significance was reached for the

reduction in AOC at 0 to 24 hours for Ze 339 compared with placebo

(mean 6 SEM: 316.8 6 88.5 vs 555.0 6 128.8; P 5 .012, Wilcoxon signed-

rank test).
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and provocation, the percentage flow reduction at a transnasal pressure

difference of 150 Pa was calculated as follows:

DV ½%� 5 ½ðVpre� VpostÞ=Vpre� � 100%:

At the same time points, secondary clinical end points were assessed: nasal se-

cretions were obtained (with adsorbent discs), and the global nasal assessment

(sneezing, itching, nasal obstruction, and rhinorrhea) was scored by patients

using a 0- to 10-point VAS.

Measurements of mediators in nasal secretions
Nasal secretions were collected with endonasal cellulose adsorbent discs

(10 mm in diameter, 1.2-mm thickness, punched out from Shandon Filter

Cards; Thermo Scientific, Waltham, Mass) placed in the anterior septal region

for 45 seconds. Secretion weights were assessed immediately afterward. Each

collection disc was eluted in 1000mL of 0.9%NaCl solution for 1 hour at 48C.
The disc was then removed, and the eluate was stored at2808C until assayed.

The collected nasal secretions were assessed for a panel of proinflammatory

cytokines, chemokines, prostaglandin D2 (PGD2), LTB4, and histamine. Ex-

pression levels were adjusted to secretion weights for concentrations per mil-

ligram of secretion and as total detected protein per time point, with values

representing the total amounts recovered by the individual collection discs,

as previously described.16

Cytokine concentrations in nasal secretions were analyzed on a Bio-Plex

Suspension Array System (Bio-Rad Laboratories, Munich, Germany) that

permits the simultaneous detection of multiple cytokines in a single well of a

96-well microplate. As shown in Table E1 (available in this article’s Online

Repository at www.jacionline.org), the concentrations of 27 cytokines were

profiled in samples by using a Luminex 100 ISTM (Luminex Corp, Austin,

Tex) with a detection limit of less than 0.5 pg/mL. Histamine levels were mea-

sured with a commercially available enzyme immunoassay kit (Immunotech,

Marseille, France) with an analytic sensitivity of 0.5 nmol/L. LTB4 and PGD2

levels were determined by using an enzyme immunoassay kit (CaymanChem-

icals Company, AnnArbor,Mich). The sample concentrations were calculated

according to the manufacturer’s instructions; detection limits for LTB4 and

PGD2 were 13 pg/mL and 200 pg/mL, respectively.

Statistical analysis
The primary end point (course over time of nasal obstruction relief

measured by rhinomanometry in cubic centimeters per second) was assessed
by (1) the time to return to 90% of the measured baseline value of the nasal

flow (return to baseline [RTB] 90% in hours), as calculated by using a linear

interpolation between the first time point at greater than 90% and the last time

point at less than 90%; (2) area over the curve (AOC) of the relative change (as

a percentage) from baseline to 3 hours (AOC 0-3h [as percentage times hour]);

http://www.jacionline.org


TABLE II. Outcome of end points

Placebo

(mean 6 SEM)

Ze 339

(mean 6 SEM)

Desloratadine

(mean 6 SEM) Placebo/Ze 339

Placebo/

desloratadine

Ze 339/

desloratadine

Rhinomanometry

Time to return to 90% baseline (h) 9.1 6 2.3 5.4 6 1.6 10.7 6 2.5 P 5 .035* P 5 .758 P 5 .022*

AOC 3 h (%*h) 138.1 6 14.1 106.8 6 17.0 141.1 6 17.8 P 5 .094 P 5 .744 P 5 .071

AOC 24 h (%*h) 555.0 6 128.8 316.8 6 88.5 626.0 6 129.1 P 5 .012* P 5 .811 P 5 .071

VAS nasal obstruction: RTB (h) 8.3 6 2.4 3.2 6 1.3 4.5 6 1.3 P 5 .027* P 5 .678 P 5 .030*

AUC 3 h (%*h) 6.8 6 1.1 6.4 6 1.1 5.8 6 0.6 P 5 .811 P 5 .647 P 5 .983

AUC 24 h (%*h) 20.2 6 3.7 15.5 6 2.6 14.1 6 2.4 P 5 .215 P 5 .372 P 5 .913

VAS sneezing: RTB (h) 1.1 6 0.1 1.3 6 0.3 0.7 6 0.2 P 5 .380 P 5 .134 P 5 .059

Nasal mediators before challenge

(per mg nasal secretion in pg/mL)

IL-8 52.9 6 18.9 8.5 6 1.7 50.1 6 20.3 P 5 .044* P 5 .760 P 5 .025*

LTB4 57.5 6 26.8 9.3 6 3.7 44.6 6 14.0 P 5 .036* P 5 .582 P 5 .014*

IP10 443.7 6 129.0 178.6 6 87.1 289.5 6 76.1 P 5 .063 P 5 .251 P 5 .341

RANTES 0.22 6 0.05 1.2 6 0.98 0.4 6 0.14 P 5 .759 P 5 .840 P 5 .678

PGD2 69.7 6 13.1 42.4 6 8.1 79.6 6 18.3 P 5 .09 P 5 .682 P 5 .076

Histamine 1.5 6 0.8 2.0 6 1.2 2.3 6 1.3 P 5 .301 P 5 .794 P 5 .127

Eotaxin 1.3 6 0.4 1.1 6 0.3 1.4 6 0.3 P 5 .810 P 5 .367 P 5 .371

All values are presented as means 6 SEMs.

IP10, Chemokine (C-X-C motif) ligand 10; RANTES, chemokine (C-C motif) ligand 5.

*Statistical significance.
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and (3) AOC of the relative change (as a percentage) from baseline to 24 hours

(AOC 0-24h [percentage times hour]). AOCwas calculated by using the linear

trapezoidal rulewith the relative flow values at measurement time points. AOC

was chosen because the responses to allergen provocation resulted in

decreased nasal flow values compared with baseline. AOC and the area under

the curve (AUC) are closely related and interconvertible (see Fig E1 and the

Methods section in this article’s Online Repository at www.jacionline.org):

AOC5 ½Baseline flow � ðT3h or 24h � T0hÞ� � AUC;

where the termBaseline flow * (T3h or 24h2 T0h) represents the rectangle under

the baseline (baseline was set to 100%).

As secondary end points, we used the following: (1) deviation from

baseline of numeric scores obtained by means of VAS and (2) cytokine and

chemokine levels in nasal secretions over the observation period.

For rhinomanometric parameters (AOC 0-3h, AOC 0-24h, and RTB90%), a

nonparametric test (the Wilcoxon signed-rank test) was performed in a

conservative approach. However, because AOC 0-3h and log AOC 0-24h data

showed a normal distribution, these parameters were additionally evaluated by

using linear mixed models to estimate potential carryover and period effects

(see theMethods section in this article’s Online Repository at www.jacionline.

org). Carryover and period effects for RTB90% (not normally distributed)

were assessed by means of (distribution-independent) Cox regression analy-

sis. Statistical testing for cytokine and chemokine levels was performed after

logarithmic transformation of the values to obtain a Gaussian approximation,

which was the basis for using the Student t test. All hypothesis tests were con-

ducted as pairwise tests, uncorrected 2-sided tests; a P value of .05 was con-

sidered significant.

Sample size estimationswere not performed. Because of the complex design

of this exploratory study, sample size was chosen on the basis of practical

considerations. Therefore this study was not designed to have sufficient power,

and the results of statistical testing have to be interpreted as descriptive,

explorative, and hypothesis generating rather than as confirmatory. No correc-

tion formultiple testing has been applied.The statistical analysiswas performed

with SPSS 15.0 (SPSS, Inc, Chicago, Ill) and R version 2.9.0 software.
RESULTS

Study population
In total, 57 subjects were screened. Eighteen (7 male and 11

female subjects) patients with moderate-to-severe allergic rhinitis
caused by grass pollen sensitization with no clinically significant
cosensitization who were otherwise healthy were enrolled and
randomized into the study. Patients’ demographics are shown in
Table I. The remaining 39 patients could not be enrolled because
of exclusion criteria. Most of these patients (n5 36) showed clin-
ically significant cosensitization and were therefore not included.
All randomized participants completed all treatments and
assessments.
Safety
Treatment with Ze 339, desloratadine, and placebo and all

clinical interventions were well tolerated. No serious adverse
events occurred. No significant changes in the safety laboratory
assessments occurred, particularly with respect to hepatic param-
eters. All adverse events reported were mild in nature. There were
6 adverse events with Ze 339 treatment: headache, dysgeusia,
urticaria, procedural pain, head pressure, and nose bleed. There
were 5 adverse events with desloratadine: fatigue, dizziness,
tiredness, nausea, and sneezing. Finally, there were 8 adverse
events with placebo: vomiting, loose stools, toothache, nose
swelling, dizziness, nausea, headache, and Hashimoto thyroiditis.
The occurrence of Hashimoto thyroiditis with placebo was
assessed as unlikely to be related to the investigation because
themorphologic changes in the thyroid gland were not considered
a recent development and therefore were assessed as being
preexisting.
Primary outcome
Nasal airflow (in cubic centimeters per second), as determined

by means of rhinomanometry, was measured directly before and
up to 24 hours after unilateral nasal allergen challenge. Time-
dependent profiles of the median percentage change in nasal
airflow are displayed in Fig 2, A, and show clear differences be-
tween the treatments. After nasal allergen challenge, a biphasic
reaction of symptoms was observed, primarily in nasal airflow,
which were identified as early- and late-phase responses in all

http://www.jacionline.org
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FIG 3. Recovery of nasal obstruction. A, Cox regression model of the time

to return to 90% of nasal air flow after nasal allergen challenge assessed by

means of rhinomanometry (Ze 339, 2.46 hours; desloratadine, 3.94 hours

[medians], P 5 .046). B, Time to return to 90% of basal flow (means 6
SEMs assessed by means of rhinomanometry: Ze 339, 5.4 6 1.6 hours;

placebo, 9.1 6 2.3 hours; desloratadine, 10.7 6 2.5 hours; Wilcoxon

signed-rank test). C, Time to RTB value of the symptom of nasal obstruction

(means 6 SEMs assessed by means of VAS: Ze 339, 3.2 6 1.3 hours; pla-

cebo, 8.3 6 2.4 hours; desloratadine, 4.5 6 1.2 hours; Wilcoxon signed-

rank test).
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treatment groups. Early responsewas detected at the time point 15
minutes after provocation, and the late-phase response was de-
tected approximately 5 to 6 hours after provocation. Calculations
from 0 to 3 hours and from 0 to 24 hours revealed a reduced AOC
for Ze 339 (ie, an improved nasal airflow over time) compared
with values seen with both placebo and desloratadine (Fig 2, B
and C, and Table II). Significance was reached for the reduction
in the 0- to 24-hour AOC for Ze 339 compared with placebo
(mean 6 SEM: 316.8 6 88.5 vs 555.0 6 128.8; P 5 .012, Wil-
coxon signed-rank test).
Recovery of nasal airflow after allergen challenge was defined

as the time (in hours) needed to return to 90% of the baseline value
of the nasal flow (RTB90%). Ze 339 provided faster recovery of
nasal airflow than desloratadine after allergen challenge, as
shown by means of Cox regression (P 5 .046; Fig 3, A). Neither
period nor carryover effects were detected by means of Cox re-
gression (RTB90%) or linear mixed-effects models (AOC 0-3h
and log AOC 0-24h). The mean values, as determined by means
of rhinomanometry, showed faster return to 90% of the baseline
value for Ze 339 compared with placebo (mean 6 SEM: 5.4 6
1.6 vs 9.1 6 2.3 hours, P 5 .035) and desloratadine (5.4 6 1.6
vs 10.7 6 2.5 hours; P 5 .022, Wilcoxon signed-rank test; Fig
3, B, and Table II).

Secondary clinical end points
Consistent with rhinomanometry, the subjective assessment of

nasal obstruction by the patient using the VAS showed a signif-
icantly shorter time to RTB (in hours) with Ze 339 than with
placebo (mean 6 SEM: 3.2 6 1.3 vs 8.3 6 2.4 hours, P 5 .027)
or desloratadine (3.2 6 1.3 vs 4.5 6 1.2 hours; P 5 .030, Wil-
coxon signed-rank test; Fig 3, C, and Table II). In Fig E2 (avail-
able in this article’s Online Repository at www.jacionline.org),
the time courses for sneezing and nasal obstruction, as evaluated
by the patients’ VAS scores, are shown, whereas corresponding
AUC values are displayed in Table II. These VAS data were fur-
ther correlated with the rhinomanometric data. In patients treated
with Ze 339, the correlation of the objective, airflow measure-
ments (log AOC 0-3h of rhinomanometry), and subjective data
(log AUC 0-3h of the VAS nasal obstruction) showed a trend
but did not reach statistical significance (P 5 .06, Pearson corre-
lation; R 5 0.45).
As expected, desloratadine showed enhanced performance for

control of sneezing; however, this did not reach statistical
significance when compared with Ze 339 (mean 6 SEM: 0.7 6
0.2 vs 1.36 0.3 hours; P5 .059, Wilcoxon signed-rank test; see
Fig E2, A, and Table II).
Cytokine and chemokine expression profiles
Treatment with Ze 339 led to reduced local mediator expres-

sion in initial nasal secretions before the nasal allergen challenge
(results are expressed in picograms per milliliter of protein per
milligram of nasal secretion; all data were tested with the paired t
test). IL-8 expression was reduced 6-fold in comparison with that
seen after placebo (mean 6 SEM: 8.5 6 1.7 vs 52.9 6 18.9 pg/
mL, P5 .044) and also in comparison with that seen after deslor-
atadine (8.56 1.7 vs 50.16 20.3 pg/mL, P5 .025; Fig 4, A, and
Table II). The same pattern was seen with LTB4: levels with Ze
339 were 6 times lower than those with placebo (mean 6 SEM:
9.3 6 3.7 vs 57.5 6 26.8 pg/mL, P 5 .036) and almost 5 times
lower than those with desloratadine (9.3 6 3.7 vs 44.6 6 14.0
pg/mL, P 5 .014; Fig 4, B, and Table II). To check plausibility
and to assess whether levels of inflammatorymediators are related
to improved nasal airflow, we performed a correlation analysis
(Pearson correlation) between rhinomanometric data and the ex-
pression of IL-8 at baseline, yielding significant correlations: log
AOC at 0 to 3 hours versus log IL-8 (P 5 .04, R 5 0.29) and log
AOC at 0 to 24 hours versus log IL-8 (P 5 .03, R 5 0.30).
Mediator kinetics after nasal challenge
The allergen challenge induced a marked early-phase response

in all treatment groups. The late-phase response was depicted by
LTB4 and histamine but not by IL-8 (see Fig E3 in this article’s
Online Repository at www.jacionline.org). The secretion of
PGD2 in the early phase, calculated as the AUC of secretion
over time in the first 3 hours after provocation, was significantly
lower during treatment with Ze 339 when compared with that

http://www.jacionline.org
http://www.jacionline.org


FIG 4. Concentrations in picograms per milliliter per milligram of nasal secretion) of IL-8 (A) and LTB4 (B) in

nasal secretions. Individual values of all patients (n 5 18) are displayed as data points, and mean levels are

indicated as bars. Levels were determined on the fifth day of the treatment before allergen challenge. IL-8:

Ze 339, 8.5 6 1.7 pg/mL; placebo, 52.9 6 18.9 pg/mL; desloratadine, 50.1 6 20.3 pg/mL. LTB4: Ze 339, 9.3 6
3.7 pg/mL; placebo, 57.56 26.8 pg/mL; desloratadine, 44.66 14.0 pg/mL. P valueswere determined by using

the paired t test.
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seen during desloratadine treatment (979.1 6 149.8 vs 1421 6
164.1 pg/mL; P 5 .0077, paired t test) but did not reach signifi-
cance compared with values seen with placebo. The AUC of his-
tamine peaked in the late phase in both active treatment groups
compared with that seen in the placebo group (see Fig E3, C
and D, and see Table E2).
DISCUSSION
This randomized, double-blind, placebo-controlled trial shows

that Ze 339 is effective in relieving allergen-induced nasal
obstruction, the dominant symptom of allergic rhinitis, through
a generic mechanism involving LTB4 and IL-8.

The efficacy and safety of Ze 339 for the treatment of seasonal
allergic rhinitis has been demonstrated in several controlled
clinical trials14,15 and again confirmed by this study. A reference
method was used to quantify nasal obstruction for assessing the
drug’s efficacy in the treatment of allergic rhinitis.17,18 The relief
from nasal obstruction on allergen challenge was significantly
fasterwith Ze 339 comparedwith desloratadine or placebo, as con-
sistently demonstrated by means of both rhinomanometry and the
patients’ assessments with VAS symptom scores. In this study
desloratadine did not improve nasal congestion, thereby contra-
dicting other clinical studies performed in patients with seasonal
hay fever,19 despite evidence that it might relieve nasal congestion
in patients with perennial allergic rhinitis.20 It is unclear whether
the effect on nasal congestion detected in earlier studies is due
to a longer treatment period in patients with perennial allergic rhi-
nitis, the nature of the allergen, or the sample size in this study.
Nonetheless, in this study desloratadine did exert the expected pal-
liative effect on sneezing but did not show any influence on the
chemokine network. The discovery of mediators that might act
as Ze 339 targets was an essential focus and a secondary end point
in the study design. Among 30 inflammatory mediators investi-
gated, reduced levels of LTB4 and IL-8 were measured in nasal se-
cretions obtained before allergen challenge during treatment with
Ze 339. These results might suggest that patients, although not
complaining about symptoms before nasal provocation, could ex-
hibit nasal or allergic symptoms at a subclinical level. Neverthe-
less, normal values for these mediators are not available.
Furthermore, it has to be taken into account that these results
were obtained after nasal lavage with 0.9% NaCl solution.
It has been previously suggested that Ze 339 exhibits a dual

mode of action by inhibiting LT synthesis (inhibitory concentra-
tion of 50%, <24 mg/mL) in platelet-activating factor or comple-
ment factor C5a–stimulated granulocytes and by blocking
degranulation in activated mast cells and eosinophils.12 LTB4 is
synthesized from arachidonic acid in mast cells and eosinophils
and has important stimulatory effects on mast cell progenitors
in bone marrow.21 Leukotrienes are among the most potent dis-
ease mediators in patients with upper airway disease, including
allergic rhinitis, and contribute substantially to aspirin-sensitive
asthma and the associated chronic rhinosinusitis and nasal
polyps.22 The inhibitory effect of Ze 339 on IL-8 might depend
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on reduced LTB4 release because it has been previously shown
that LTB4 can induce IL-8 expression in epithelial cells. IL-8
binds to the chemokine receptor CXCR1 and recruits mainly neu-
trophils but also eosinophils, macrophages, and T cells.23 IL-8
and monocyte chemotactic and activating factor (monocyte che-
moattractant protein 1) are essentially involved in inflammatory
and immune reactions.24 Indeed, nasal challenge with recombi-
nant IL-8 induces a significant neutrophilic infiltration in the nasal
mucosa in atopic and nonatopic patients.25

Importantly, Ze 339 reduced the expression of LTB4 and IL-8
after the pretreatment period before allergen challenge and might
thus exert a prophylactic effect on allergen-induced nasal obstruc-
tion. Consistent with its lacking effect on nasal congestion, the
histamine receptor antagonist desloratadine did not reduce IL-8
secretion, whereas an earlier pilot study with 30 patients showed
that another histamine receptor antagonist, levocetirizine, re-
duced IL-8 and IL-4 secretions.19 However, the latter study fo-
cused on seasonal effects and therefore was not timed, as was
this study, and the effects are thus probably of an indirect nature.
In line with these results, the nasal secretion levels of histamine
and PGD2 over 24 hours on allergen challenge might provide a
mechanistic layout for the faster relief of nasal congestion. After
treatment with Ze 339, the AUC of PGD2 in the early-phase re-
sponse was clearly reduced in comparison with that after treat-
ment with desloratadine, whereas surprisingly, the AUC of
histamine peaked in both active treatment groups in terms of
the late-phase response.
Therefore, Ze 339 represents a symptomatic treatment with

clearly different properties than those of antihistamines. A further
potential local application of the study drug is being evaluated in
an animal model and shows reduced inflammation in the airways
with an ovalbumin challenge model.26

In conclusion, this exploratory trial shows that treatment with
Ze 339 is superior to both desloratadine and placebo in improving
the dominant symptom of nasal obstruction in a seasonal allergic
rhinitis model by inhibiting critical elements of the leukotriene
and chemokine network. Because of the important role of these
mediators in recruiting inflammatory cells to the allergen stim-
ulation site, it can be speculated that a prophylactic treatment with
Ze 339 might be effective in counteracting allergic inflammation
in the upper airways, whereas specific and adaptive immune
responses remain intact.
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Research Coordination Center (KKS D€usseldorf), Dr Ewald Schrader, Maria

G€artner-Akerboom, Petra Helmig, Kerstin Schirlau, Martina Schmelter,

Sebastian Mahr, Neda Naseri-Goki, and Teodora Ivancheva for their contri-

bution to this study.

Clinical implications: The petasol butenoate complex Ze 339 re-
lieves bothersome nasal congestion symptoms more effectively
than desloratadine and thus expands the therapeutic options
for the symptomatic treatment of allergic rhinitis.
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METHODS

AOC
AOC and AUC are calculated in most of the cases by using the linear

trapezoidal rule. Use of AOC seems to bemore appropriatewhen responses (f)

to a treatment result in values less than those observed at baseline (see Fig E1).

Accordingly, AUC is better used when responses (f) to a treatment result in

values greater than those observed at baseline.

In our setting the area of the AOC reflects the degree of nasal obstruction

(the decrease of nasal flow compared with baseline). Therefore lower AOC

values are indicative for a less impaired nasal flow.

AUC and AOC are interconvertible:

AOC5 ½fðTstartÞ � ðTend � TstartÞ� � AUC;

where the term f(Tstart) * (Tend – Tstart) represents the rectangle under the

baseline curve.

Details of the statistical models
The linear mixed-effects models were applied for the primary outcome

variables according to the following scheme:

yi 5 m1mZe399 � Ze339½i�1 mDeslo � Deslo½i�1 pp2 � Period2½i�
1 pp3 � Period3½i� 1 aP½i� 1 ei;

where yi is defined as the i-th observation (dependent variable), m is the mean

for placebo in period 1, mZe339 is the difference between placebo and Ze 339

(fixed effect),mDeslo is the difference between placebo and desloratadine (fixed

effect), Ze339 is the indicator variable for Ze 339, Deslo is the indicator var-

iable for desloratadine, Period2 is the indicator variable for period 2, Period3

is the indicator variable for period 3; pp2 is the difference between periods

1 and 2 (fixed effect), pp3 is the difference between periods 1 and 3 (fixed ef-

fect), P is patient identification (vector with length 54 and 18 values), aP is the

effect of patient P (random effect; ; Norm[0, sa]), and ei is the residual (;
Norm[0, s]).

The carryover was tested by using a simple linear model on the residuals as

follows:

ei 5 l 1 lA � cA½i�1lB � cB½i�1lC � cC½i�1 ri;

where cA is the indicator variable for the carryover effect of Ze339, cB is the

indicator variable for the carryover effect of placebo, cC is the indicator var-

iable for the carryover effect of desloratadine, l is the carryover effect for pe-

riod 1 (expected to be5 0), lA is the difference between the carryover effect of

period 1 to the carryover effect of Ze339, lB is the difference between the car-

ryover effect of period 1 to the carryover effect of placebo, lC is the difference

between the carryover effect of period 1 to the carryover effect of deslorata-

dine, and ri is (; Norm[0, sr]).
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FIG E1. AOCs and AUCs are interconvertible and are calculated in most of the cases by using the linear

trapezoidal rule.
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FIG E2. Sneeze symptoms (A) and nasal obstruction (B) displayed as the

difference from baseline values (means assessed as VAS scores).
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FIG E3. Median concentration (pg/mL) of nasal mediators (A, IL-8; B, LTB4; C, histamine; and D, PGD2) over

24 hours on allergen challenge (red, Ze 339; blue, desloratadine; black, placebo) and the AUC after 3 and 24

hours (pg/mL * hours) displayed as scatter plots and medians. Significance was reached for the AUC of

PGD2 in the early phase after nasal allergen challenge (mean 6 SEM) during treatment with Ze 339 in com-

parison with desloratadine (979.1 6 149.8 vs 1421 6 164.1; P 5 .0077, paired t test) and for the AUC of his-

tamine in the late-phase response (mean 6 SEM) in both treatment groups in comparison with placebo (Ze

339 vs placebo: 464.96 115.5 vs 272.36 67.4 [P5 .0361]; desloratadine vs placebo: 513.76 128.5 vs 272.36
67.4 [P 5 .0398, paired t test]).
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TABLE E1. Mediators measured in nasal secretions

Interleukins IL-1b, IL-1ra, IL-2, IL-4, IL-5, IL-6,

IL-7, IL-8, IL-9, IL-10, IL-12

(p70), IL-13, IL-15, IL-17

Eotaxin CCL-11

Basic fibroblast growth factor FGF basic

Granulocyte colony-stimulating

factor

G-CSF

Granulocyte-macrophage

colony-stimulating factor

GM-CSF

Interferon g IFN-g

Chemokine (C-X-C motif)

ligand 10

CXCL10 (IP10)

Monocyte chemotactic protein-1 MCP-1

Macrophage inflammatory proteins

1a and 1b

MIP-1a and MIP-1b

Platelet-derived growth factor BB PDGF-BB

Chemokine (C-C motif) ligand 5 CCL-5 (RANTES)

Tumor necrosis factor a TNF-a

Vascular endothelial growth factor VEGF
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TABLE E2. Nasal secretion mediator kinetics

Placebo

(mean 6 SEM)

Ze 339

(mean 6 SEM)

Desloratadine

(mean 6 SEM) Placebo/Ze 339 Placebo/desloratadine Ze 339/desloratadine

Nasal mediator kinetics after

challenge

IL-8

AUC 3 h 181.2 6 45.8 130.5 6 31.2 360.2 6 135.4 P 5 .1040 P 5 .1584 P 5 .1108

AUC 24 h 3215 6 867.9 3425 6 844.4 3560 6 882.9 P 5 .8442 P 5 .6558 P 5 .8920

LTB4

AUC 3 h 296.9 6 86.7 193.8 6 42.7 342.8 6 89.8 P 5 .1552 P 5 .6346 P 5 .1180

AUC 24 h 6639 6 3424 5205 6 898.6 5057 6 949.9 P 5 .6503 P 5 .5562 P 5 .8717

Histamine

AUC 3 h 16.9 6 3.9 26.8 6 9.1 36.6 6 11.9 P 5 .2398 P 5 .0688 P 5 .3338

AUC 24 h 272.3 6 67.4 464.9 6 115.5 513.7 6 128.5 P 5 .0361* P 5 .0398* P 5 .6958

PGD2

AUC 3 h 1182 6 110.1 979.1 6 149.8 1421 6 164.1 P 5 .2096 P 5 .1021 P 5 .0077*

AUC 24 h 9465 6 1553 9300 6 1236 9100 6 1016 P 5 .9295 P 5 .8125 P 5 .8790

All values are presented as means 6 SEMs (pg/mL * hour).

*Statistical significance.
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