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ABSTRACT
Background: Allergic rhinitis is commonly treated with antihistamines. Monitoring improvement of airway inflammation noninvasively using nasal nitric

oxide (nNO) would be clinically useful. To determine the anti-inflammatory effect of oral levocetirizine dihydrochloride (LC), we measured nNO and nasal
eosinophils (nEos) in perennial allergic rhinitis (PAR) subjects.

Methods: A randomized double-blind placebo-controlled crossover design was used. Inclusion criteria consisted of subjects having a PAR history, exam
and diary scores consistent with active symptoms, and positive skin testing. Subjects taking allergy medications 1 month before the study were not enrolled.
After consenting, 31 subjects (24 female subjects; mean age, 29 years) were randomized to either oral LC (5 mg) or matching placebo for 2 weeks. After 2 week
washout, subjects started the other 2-week treatment. At each visit, nNO was measured by aspiration at each nare using a nasal kit from NIOX (Aerocrine,
Sweden) in parts per billion; nEos was collected from nasal smears and measured by microscopy using the scoring system (0–4�) and symptoms were
self-reported using the allergic Rhinitis Quality of Life Questionnaire (RQLQ). Daily allergy symptom scores (total symptom score [TSS] 4) were collected
at each visit.

Results: During LC, mean baseline nNO was 807 � 317 parts per billion (ppb; left) and 831 � 332 ppb (right) and decreased significantly to 688 �
266 ppb and 702 � 286 ppb, respectively (p � 0.05). No significance was found during placebo treatment (778 � 270 ppb, 808 � 299 ppb to 802 �
271 ppb, 813 � 273 ppb). The mean nNO change was also significant compared with placebo (�125 ppb versus �14 ppb; p � 0.05). There was a
significant decrease in nEos with LC compared with placebo (3.1–2.5 versus 2.9 –2.6; p � 0.05). RQLQ scores were significantly improved with LC
only. In TSS-4 scoring, a trend toward improvement during LC and significant worsening during placebo was found. Baseline nNO predicted changes
in nasal eosinophils (nEos) and RQLQ.

Conclusion: We showed that oral LC therapy decreased objective markers of rhinitis inflammation, nNO and nEos, in patients with PAR. Improvement
in symptom scoring was also found with LC treatment.

(Am J Rhinol Allergy 25, 383–387, 2011; doi: 10.2500/ajra.2011.25.3668)

Perennial allergic rhinitis (PAR) is a chronic atopic inflammatory
disease that affects the upper respiratory airway. Generally,

symptoms include nasal pruritus, ocular pruritus, rhinorrhea, sneez-
ing, and nasal congestion. The initial step in the medical management
of PAR consists of antihistamines for the acute relief of symptoms.1,2

For this class of medication, newer-generation antihistamines are less
sedating and have less collateral systemic side effects than the first-
generation antihistamines. Intranasal steroids are used in PAR as the
next line of therapy to directly treat the underlying inflammation
found in the nasal passages. Biopsy specimens of nasal mucosa in
subjects with PAR reveal eosinophils, which decrease with anti-in-
flammatory therapies.3,4 Measurement of the inflammatory milieu in
a noninvasive manner would be optimal to monitor response to
medical therapy.

Nasal nitric oxide (nNO) is a noninvasive marker of inflammation
that has been shown to be elevated in allergic rhinitis.5–7 There have
been studies with nNO to show improvement of airway inflammation
in PAR after anti-inflammatory medication, such as intranasal ste-
roids.8,9 This reduction in NO after anti-inflammatory therapy is
similar to that found in asthma. There are direct maneuvers for the
collection nasally of nNO, including nasal breath holding and nasal
humming, which have been used previously.10–12

The newer third-generation oral antihistamine levocetirizine dihy-
drochloride (LC) is an active enantiomer of cetirizine with twofold
higher affinity for the H1-receptor.13–15 It has been shown to improve
PAR symptoms including nasal congestion by subject diary scoring
when compared with placebo.16,17 Self-reported improvement in Rhi-
nitis Quality of Life Questionnaire (RQLQ) measures was seen with
LC therapy in PAR.18,19 Furthermore, LC has additional anti-inflam-
matory properties unrelated to the antihistamine effect. Inhibition of
eotaxin-induced eosinophil chemotaxis and endothelial migration in
vitro and in vivo was reported with LC.20–24 In another in vitro study,
LC has been suggested to modulate release of various inflammatory
mediators produced by eosinophil.25 Reduction of eosinophils in na-
sal scrapings in a study of adults with PAR after LC treatment versus
placebo was also reported.19 Because of these prior findings, we
proposed to evaluate in vivo the anti-inflammatory effect of LC on
adult PAR subjects by measuring nNO directly from the nares. To
show that any improvement in nNO correlated with an anti-inflam-
matory effect of LC, eosinophils from nasal secretions were also
studied as an end point marker. Secondary end points that were to be
measured were subjective in nature and consisted of diary symptom
scoring, need for rescue medication, and RQLQ measures.

METHODS
This study was approved by the Institutional Review Board, RCRC-

IRB, and registered at Clinicaltrials.gov (NCT00894231).
We performed a randomized, double-blind, placebo-controlled,

crossover design study in adults and adolescents with PAR that were
actively experiencing symptoms at the time of study entry. After
written informed consent was obtained, inclusion and exclusion cri-
teria were reviewed for subject participation. For inclusion, subjects
(�12 years of age) enrolled had to have a diagnosis of PAR with
symptoms for over a year. Levels of measured nNO had to be ele-
vated above 442 parts per billion (ppb) at baseline before randomiza-
tion during the run-in visit to avoid subjects with chronic rhinosinus-
itis (CRS) and nasal polyps.26 Subjects were excluded for use of
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systemic steroids within 60 days, inhaled/nasal steroids and leuko-
triene modifiers within 30 days, and nasal/oral antihistamines within
14 days of baseline and throughout the study other than study LC.
Subjects with persistent asthma, CRS, sinus polyp disease, or acute
respiratory infection were excluded. Active cigarette smokers or those
on medications that would affect NO production, such as those with
nitrates, were also excluded. These exclusions were set because these
conditions can alter NO levels beyond what is found in PAR.

Enrolled subjects started a 1-week run-in period to assess adher-
ence and active PAR symptoms by diary reporting (total symptom
scoring [TSS]). At randomization, subjects received oral LC, 5 mg, or
matching placebo tablet once daily for 2 weeks. Allowed rescue
medications throughout the study were nasal saline wash irrigations
and short �3 days course of nasal decongestant spray medication
(phenylephrine). After the randomization visit, a 2-week treatment

period was initiated followed by a 2-week washout period and then
repeated in a crossover fashion. All of the subjects returned to the
clinic for study visits every 2 weeks for distribution or collection of
blinded study medication, physician examination, and study proce-
dures. Nasal NO and nEos, RQLQ, and daily TSS diary scoring were
the procedures collected at each study visit.

At entry, 39 subjects complied and a resulting 31 subjects were
randomized (24 female subjects; mean age, 29 years; range, 13–45
years; mean allergy history, 11 years) to either treatment arm of LC or
placebo. At baseline all but four subjects were skin-prick test positive
to dust mites, with the remaining four sensitized to cat or dog dander.

The nNO was measured in parts per billion using the NIOX Nasal
NO software and kit (Aerocrine, New Providence, NJ). Calibration of
the NIOX machine was performed as per American Thoracic Society
guidelines27 with calibration NO gas of 2000 ppb. A nasal olive was
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Figure 1. Example of nasal nitric oxide
(nNO) tracing during breath holding
(nNO � 1250 ppb and breath hold is for 20
seconds).

Levocetrizine decreases nasal NO during breathholding
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Figure 2. In perennial allergic rhinitis sub-
jects, nasal nitric oxide during breath hold is
decreased with levocetirizine, 5mg, in both na-
res after 2 weeks compared with placebo (*p �
0.05). No significant changes in nasal nitric
oxide while humming were found in either
treatment group.
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placed at each subject’s nares to directly measure the nasal NO gas.
The sampling flow rate was 5 mL/s, and the nNO collection occurred
over at least 20 seconds. A 5-second nNO plateau was reached for
each measurement.27 Immediate nNO readings were collected and
recorded in triplicate for each separate nare (Fig. 1) by graders
blinded to treatment arm. Nasal maneuvers for NO collection at the
nare were performed in two fashions. After a deep oral inhalation, the
first maneuver is a breath hold during the measurement time and
the second maneuver is humming with the mouth closed during the
measurement time as well. In studies regarding nasal NO collection
maneuvers, it has been proposed that the first method collects NO
mainly from the nasal passage and reflective of airway inflamma-
tion.12,28 The latter method collects NO mainly from the sinus pas-
sages and reflective of obstruction at the level of the osteomeatal
complex and sinus NO milieu.

Nasal cytology smears for eosinophils were obtained with a
Rhinoprobe (Arlington Scientific, Springville, UT) from the inferior
turbinate. Specimens were prepared by fixing and staining with 95%
ethyl alcohol and Wright Giemsa (Volu-Sol, Salt Lake City, UT),
respectively. After rinsing and drying, specimens were analyzed un-
der the light microscopy. The nEos seen under microscopy were
graded for the number of eosinophils per high-power field on a scale
of 0–4� by graders blinded to treatment arm.

Subjects filled out daily diary cards to record symptoms, rescue
medication use, and adverse events. Symptoms of PAR (sneezing,
nasal itching, nasal secretions, ocular itching, and nasal congestion)
were assessed by each subject by using a grading scale of 0–5 (0 � no
symptoms, 1 � one short period, 2 � two or more short periods, 3 �
most of the time but not affecting activities, 4 � most of the time and
affecting activities, 5 � severe and can not perform activities). Symp-
tom scoring was done twice daily, on awakening in the morning and
at bedtime. The combined symptom score was calculated by adding
the daily scores with or without the nasal congestion score (TSS-4;
TSS-5). Rescue medication use was recorded in number of sprays in

the past 12 hours. Individual self-reporting of RQLQ was measured
using the specific questionnaire RQLQ29 at each study visit.

Skin-prick testing was performed with commercial glycerinated
extracts (ALK, Port Washington, NY). The standard panel of allergens
included was dust mites (Dermatophagoides farinae and Dermatophagoi-
des pteronyssinus), cat (Fel d1), dog, hamster, horse, rabbit, feathers,
house dust, mold mix, and cockroach, with a negative control (normal
saline) and positive control (histamine, 1 mg/mL). Wheals were
contoured with a soft marker and transferred with tape onto paper. A
skin reaction of �5 mm and a histamine reaction of �3 mm greater
than the negative control was considered positive.

Statistical Analysis
Statistical analyses were performed with SSPS software (SPSS, Inc.,

Chicago, IL). Changes between pre- and posttreatment were analyzed
using paired t-test and a comparison between groups was made using
unpaired t-test. Nasal cytology, diary symptom scores, and RQLQ
were not normally distributed and were analyzed using nonparamet-
ric tests. To test association between baseline nNO, as a predictor, and
change in outcomes measures of nEos and RQLQ, we conducted a
regression analysis. Assumption of linearity was confirmed and
transformation was not required. A value of p � 0.05 was considered
significant.

RESULTS
Thirty-one subjects were randomized and 26 subjects completed the

study. Three subjects moved to another region and two were lost to
follow-up. Both respiratory maneuvers for nNO collection, breath
holding and humming, were measured at each visit. In summary,
significant decreases were found with the breath-holding maneuver
for nNO and not with humming (Fig. 2).

With the breath hold at baseline, mean nNO was 807 � 317 ppb in
the left nare and 831 � 332 ppb in the right nare. After LC treatment,

Nasal smear Eosinophils are reduced with Levocetirizine
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Figure 3. Nasal smear eosinophils are re-
duced with oral levocetirizine, 5mg, for 2
weeks compared with placebo (*p � 0.05).
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the mean nNO significantly decreased to 688 � 266 ppb in the left
nare and 702 � 286 ppb in the right nare (p � 0.05). During the
placebo treatment, nNO at baseline was 778 � 270 ppb and 808 � 299
ppb (left and right) and post-nNO was 802 � 271 ppb and 813 � 273
ppb. Thus, no significance was found during placebo treatment. The
mean change of nNO during breath hold with LC was also significant
compared with placebo (�125 ppb versus �14 ppb; p � 0.05). No
significance was found with any time points during either treatment
arm with the humming maneuver.

In our study, there was a significant decrease in nEos with LC
compared with placebo (3.1–2.5 with LC versus 2.9–2.6 with placebo;
p � 0.05; Fig. 3). Total RQLQ scores were significantly improved with
LC treatment (p � 0.05), and no improvement in RQLQ scores were
found during placebo treatment (Fig. 4). Significance was found with
baseline nNO as a predictor to the resulting treatment change in nEos
and RQLQ. For every �100 ppb of baseline nNO, nEos decreased 0.2
and RQLQ scores decreased 4.6, after LC treatment.

In TSS-4 symptom scoring, a trend toward improvement during LC
treatment was found (p � 0.075). Accordingly, during the placebo
treatment, a significant worsening in symptom scores was found (p �

0.05). No significant improvement was found in nasal congestion
scores with LC, but significant worsening was found with placebo
(p � 0.05). No significant differences were found in need for rescue
medications or reporting of adverse events with either treatment arm.
Reports of adverse events were few and mild in intensity and out-
come. No serious adverse events were reported.

DISCUSSION
The need for an objective marker in PAR that is easily obtained and

noninvasive is sorely needed. Our primary outcome measure, nNO, is
a validated marker of airway inflammation in allergic rhinitis.3–6

In this double-blind, placebo-controlled crossover study, we have
shown that nNO is significantly reduced after 2 weeks of daily LC.
This is the first study to reveal reduction in exclusively derived nNO

with LC therapy in adults with PAR. This novel finding supports the
hypothesis of the anti-inflammatory effect that this new generation
antihistamine may have.

The reduction in nNO was found when subjects performed the
breath-holding maneuver and not the humming maneuver. As it has
been suggested, breath holding nNO collection reflects the inflamma-
tory milieu of the nasal passages, while humming nNO reflects that of
the paranasal sinuses and osteomeatal complex.12 Our study results
confirm that breath-holding collection for nNO is sensitive for treat-
ment effect changes in PAR. Because similar nNO levels would be
expected in bilateral nares with PAR, the finding that no significant
differences in nNO were found between nares was expected. The
reduction found in breath holding nNO was mirrored with the re-
duction in nEos, indicating an anti-inflammatory effect. This finding
confirms one prior study19 with nasal scrapings and eosinophils with
LC in PAR. These results strengthen the role of nNO in the clinical
assessment of PAR inflammation.

The findings in this study are novel in that treatment improvements
in nNO correspond with similar improvements in nEos and RQLQ.
Additionally, baseline nNO predicted significant improvements in
nEos and RQLQ. Because lower baseline nNO levels were most
predictive, this may be caused by the treatment intervention being an
antihistamine. Perhaps nasal steroid treatment would show compar-
atively greater baseline nNO to be more predictive because, theoret-
ically, more inflammation is present. Comparative studies between
antihistamine and nasal steroid with the same study design and nNO
collection will be required.

The subjective outcomes in the study reflected the reductions found
with nNO. Similar to previous findings,18,19 we showed that the
subjective measures of RQLQ scores were significantly improved
during LC and not placebo. A statistical trend toward improvement
in total diary scores was found during LC, including four nasal/
ocular scores. Significant worsening was found in all diary scores,
including nasal congestion during placebo. Although no significance

QOL scores improve with Levocetirizine
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Figure 4. Rhinitis quality of life question-
naire scores are improved with oral levo-
cetirizine, 5 mg, for 2 weeks compared
with placebo (*p � 0.05).
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was found with nasal congestion scores with LC, significant worsen-
ing of congestion with placebo is important to note. This lack of
improvement with LC and worsening with placebo suggests that
nasal steroids may be required for complete anti-inflammatory effect
with regard to nasal congestion in PAR. Second, as is found with
exhaled NO and asthma, the improvements in objective measures
may precede in time any improvements that would be found with
subjective measures.

The limitations of the study were that this was a small, single-site
study with the majority of subjects monosensitized to dust mites.
Because of the methodology issues with nNO collection, this study
investigated subjects with PAR only and none with accompanying
CRS.

Future focus on the clinical use of nNO will be to assess an indi-
vidual’s own course of disease with treatment and level of inflamma-
tion over time. Based on the concept of personalized medicine, mea-
surements of the anti-inflammatory effects of other PAR medications
will be necessary to individualize varying therapeutic responses of
patients. Previous studies investigating nNO with antihistamines
have been with only cetirizine or LC in seasonal allergic rhinitis
subjects as an add-on therapy and were mixed in their results.30,31

Future studies with other oral or nasal antihistamines with nNO are
needed to delineate any differences in anti-inflammatory response
and efficacy.

In conclusion, objective inflammatory monitoring of PAR has been
lacking for the clinician and subjective symptom reporting has been
the norm. We have shown the use of an objective measure of clinical
response with nNO that is similar to nEos in PAR.
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