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ABSTRACT

Background: Defective nasal barrier function is implicated in allergic rhinitis, which results in persistent inflammation and
clinical symptoms, among which congestion plays a prominent role. In searching ways to improve the efficacy of nasally applied
drugs in this condition, we tested the hypothesis that hydroxypropylmethylcellulose (HPMC), known as a mucoprotective
agent, could enhance the efficacy of a decongestant (oxymetazoline nasal spray, 0.05%) by “sealing” it to the mucosa.

Methods: This double-blind placebo-controlled study was conducted with 40 patients (mean age, 35 years; 23 women) with
persistent allergic rhinitis. The patients were randomized to receive 1 puff of oxymetazoline, followed by 1 puff of either HPMC
or lactose powder (placebo) twice a day for 7 days and then only oxymetazoline rescue medication for another week. Peak
inspiratory nasal flow (PNIF) was measured for 360 minutes after oxymetazoline and HPMC or placebo insufflation on days
1 and 8, and at a single point on day 15. Symptoms assessments involve visual analog scales and total nasal symptom scores.

Results: HPMC significantly enhanced oxymetazoline-increased PNIF at days 1 (p � 0.042) and 8 (p � 0.006). Baseline
PNIF was greater in the HPMC group at day 15 (p � 0.014), indicative of further reduced nasal congestion. All nasal
symptoms improved in both groups at day 8, but only the HPMC group showed further amelioration at day 15. Rescue
medication was smaller in the HPMC group between days 8 and 15.

Conclusion: HPMC enhances decongestion through mucoadhesion but may also be augmenting the mucosal barrier in
allergic rhinitis, which explains the carryover efficacy of oxymetazoline for a week after its discontinuation.

Clinical Trial Registration: clinicaltrials.gov identifier: NCT01986582.

(Allergy Asthma Proc 36:1–6, 2015; doi: 10.2500/aap.2015.36.3879)

To express symptoms of allergy, an individual must
have both an atopic disposition and defective bar-

rier function. The recognition of the importance of barrier
function is relatively recent, derived from studies of
atopic dermatitis in which abnormalities in the epidermal
epithelium allow enhanced allergen penetration to in-
duce immunoglobulin E sensitization and subsequent
symptoms.1–3 These observations stimulated the devel-
opment of topical emollients as safe and inexpensive
therapies.4,5 Defective barrier function has also been im-
plicated in the bronchi in asthma,6 in the eye in allergic
conjunctivitis,7 and in the nose in allergic rhinitis.8–16 The
nasal epithelium is a highly regulated and impermeable
barrier sealed by tight junctions.9 Dysregulation of the

tight junctions would allow increased allergen penetra-
tion to cause acute and chronic symptoms of allergic
rhinitis.

The Allergic Rhinitis and its Impact on Asthma guide-
lines17 recommend primarily pharmacologic therapies,
viz. H1 antihistamines and intranasal corticosteroids and
decongestants for the treatment of allergic rhinitis.
Whereas, procedures aimed at increasing barrier function
provide a potential alternative safe therapy, research into
these is in its infancy. The agent under investigation in
this article is an inert dry hydroxypropyl-methylcellulose
(HPMC) powder (NoAl; Nasaleze, Isle of Man, U.K.).
Methylcellulose derivatives possess different ratios of hy-
droxypropyl to methoxyl substitution that determine
their properties, such as viscosity, hydrophilicity, and
gelling behavior when dissolved in water. The character-
istics of the particular HPMC product here have been
specifically tailored for intranasal delivery for the treat-
ment of allergic rhinitis. Initial clinical trials have shown
HPMC to be effective in both seasonal18–20 and peren-
nial21 allergic rhinitis. Studies have concluded that it is
safe and well tolerated,22,23 and a review has been dedi-
cated to the topic.24

Another effect of HPMC may also be considered. A
reduction in rhinorrhea will slow down the clearance
from the nose of locally applied drugs, thus prolonging
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their contact time and, theoretically, improving their
efficacy. This possibility has been tested previously
when administering intranasal xylometazoline with a
different mucoadhesive agent in patients with peren-
nial allergic rhinitis.25 The results showed that the de-
congestant-mucoprotective agent combination had a
greater and longer-lasting effect on nasal congestion
and caused fewer adverse effects than decongestant
alone. We attributed these effects at the time to the
ability of HPMC to act as a mucoadhesive agent.

This article describes an initial double-blind study to
substantiate the hypothesis that a combination of a mu-
coprotective agent with pharmacologic therapy will en-
hance the effectiveness of the latter. The pharmacologic
agent that was chosen was oxymetazoline nasal spray, a
potent agonist of �1--and �2-adrenergic receptors with an
almost instantaneous onset of action and proven benefits
in the management of nasal congestion.26,27

METHODS
This was a double-blind, randomized, parallel group,

one-center study of patients with moderately severe–to–
severe persistent allergic rhinitis by comparing treatment
with nasal decongestant (oxymetazoline) immediately
followed by nasally applied HPMC or placebo. The study
was performed out of the pollen season, between No-
vember 2013 and January 2014. The study’s objectives
and protocols were approved by the local investigational
review board (University Hospital “Alexandrovska,”
Medical University Sofia, Sofia, Bulgaria; reference 344/
09/10/2013). All participants gave signed informed con-
sent, and the study was conducted in accordance with the
current standards for good clinical practice.

Forty patients with a confirmed clinical history of per-
sistent moderate-to-severe allergic rhinitis (17 men and 23
women; age 35 years [18�49 years], mean [range]) were
enrolled in the study. The sample size of 20 patients per
group was calculated based on the 20% effect size, with a
power of 80% and a level of significance of 0.05 (2-tailed)
by using as proxy our previous work,26 in which we
measured nasal resistance for our sample size calculation.
To be included in the trial, patients needed to have active
moderately severe–to–severe persistent symptoms of al-
lergic rhinitis with prominent congestion. Inclusion crite-
ria also were a positive skin-prick test (wheal �3 mm
diameter) to at least one of a panel of perennial allergens,
including Dermatophagoides pteronyssinus, Dermatophagoi-
des farinae, feathers mixture, cockroach, cat, dog, Cladospo-
rium, Penicillium, Aspergillus, Alternaria (Stallergenes, SA,
Antony, France). Exclusion criteria encompassed individ-
uals with seasonal allergic rhinitis or nasal polyposis,
patients with serious chronic comorbidities, with flu-like
symptoms during the past 30 days, pregnant or lactating
women, and individuals unable to give informed consent
were excluded.

The duration of the study for each individual was 15
days (Fig. 1). At enrollment, the patients were random-
ized at a 1:1 ratio by following a computer-generated
sequence to be treated twice daily for 7 days with
either 1 puff of oxymetazoline 0.05% nasal spray (Af-
rin, Schering Plough, Saint Clair, France), followed by
either 1 puff of HPMC powder (NoAl, Nasaleze Inter-
national Ltd., Douglas, Isle of Man, United Kingdom)
(test treatment) or lactose powder from identically
looking plastic bottles used as placebo (placebo treat-
ment). During the following week, no regular treatment
was given, and only puffs of oxymetazoline were allowed
as rescue medication. The patients kept daily diaries of
symptoms and rescue medication, and formal clinical
assessments were made on days 1, 8, and 15. Peak
nasal inspiratory flow (PNIF) was the objective assess-
ment of the study. PNIF was measured by using a
PNIF meter (In-Check Nasal; Clement Clarke Interna-
tional Ltd., Harlow, Essex, U.K.) on day 1 immediately
before drug administration and at 1, 2, 5, 15, 30, 60, 120
180, 240, 300, and 360 minutes afterward. Similar mea-
surements of PNIF were made on day 8, and a single
measurement was taken on day 15.

A subjective assessment by patients of their symp-
toms was documented at their regular visits and daily
in their diaries. During visits, overall discomfort due to
allergic rhinitis symptoms was recorded on a 10-cm
visual analog scale (VAS), which ranged from “no
nasal symptoms” at 0 cm to “worst nasal symptoms
ever” at 10 cm. The patients also rated, in their diaries,
their stuffiness, rhinorrhea, itching, and sneezing by a
symptom score between 0 (none) and 3 (worst). From
this, the total nasal symptom score was calculated. The
use of rescue medication and adverse events between
days 8 and 15 were extracted from the patients’ diaries.

Statistical Analyses
PNIF values were normally distributed, and differ-

ences within groups were analyzed by using Student’s
t-test for paired data and between groups by using the
Student’s t-test for unpaired data. Because the number
of times that the patients resorted to rescue medication
was not normally distributed, these results are given as
median (25–75 percentiles), and group differences were
assessed by using the Mann-Whitney U test. All tests

Figure 1. Study protocol.
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were 2-tailed, and the threshold for statistical signifi-
cance was set to p � 0.05.

RESULTS
Of the 40 patients recruited into the study, two

dropped out from the test-treatment group, one for
noncompliance and the other for headache; and two
dropped out from the placebo group, one for concom-
itant disease and the other for a severe reaction to a cat.
The remaining 36 patients completed all three visits
and were included in the final analysis. Shown in Fig.
2, are the baseline PNIF values before oxymetazoline
insufflation at the start of the study (day 1), after 7 days
of treatment with HPMC or placebo (day 8), and after
a further 7 days of only rescue medication (day 15). The
results in the HPMC group showed a 26% increase (p �
0.001) in PNIF at day 8 and a further 21% increase (p �
0.001) at day 15. The total increase in PNIF between
days 1 and 15 was 53% (p � 0.001). In the placebo
group, there was a 24% in PNIF (p � 0.001) at day 8 but
no further increase at day 15. There was no significant
difference between groups on days 1 and 8, but the
PNIF of the HPMC group was 26% greater (p � 0.014)
than that of the placebo group on day 15.

The changes in PNIF after insufflation of oxymeta-
zoline on days 1 and 8 are shown in Fig. 3. On both
days, the effects of oxymetazoline were greater in pa-
tients also inhaling HPMC compared with placebo. On
day 1, the area under the curve for the 360 minutes of
observations for oxymetazoline was 20% greater in
patients who received HPMC compared with those

who received placebo (56,366 � 14,910 sq. units versus
46,818 � 12,080 sq. units; p � .042). On day 8, the area
under the curve for oxymetazoline was 23% greater in
the HPMC group than in the placebo group (60,855 �
13,691 sq. units versus 49,350 � 11,211 sq. units; p �
0.009).

The VAS assessments by patients on days 1, 8, and 15
of nasal congestion, rhinorrhea, itching/sneezing, and
total nasal symptoms are shown in Table 1. In the
placebo group, there were significant improvements in
nasal congestion, rhinorrhea, and total nasal symptoms
at day 8 but little or no further improvement thereafter.
In the HPMC-treated group, there were similar im-
provements in these parameters at day 8. However, in
this group, these improvements appeared to continue
up to day 15. With total nasal symptoms, the improve-
ment between days 8 and 15 was statistically signifi-
cant (p � 0.006). There were no statistically significant
differences between the groups. A similar pattern of
results was obtained from analysis of the patients’
diaries on days 1, 8, and 15 of the study. Of special
mention is nasal itching/sneezing. With this symptom,
there was no significant improvement in the placebo
group. However, in the HPMC-treated group, there
were significant improvements, of 56% (p � 0.012) and

Figure 2. Baseline PNIF values at days 1, 8, and 15. Each group
contains results from 18 individuals. Significance values were
calculated by using the Student’s t-test for paired data. *The
baseline PNIF of the patients treated with HPMC at 15 days was
significantly (p � 0.014) higher than that of patients treated with
placebo. This value was calculated by using the Student’s t-test for
unpaired data.

Figure 3. PNIF values after insufflation of oxymetazoline on (A)
day 1 and (B) day 8. The solid dots are the patients treated with
HPMC and the open dots are those treated with placebo. Each
group contains results from 18 individuals. Significance values
were calculated by using the Student’s t-test for unpaired data.
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74% (p � 0.013) at days 8 and 15, respectively. Also, the
improvement between days 8 and 15 was statistically
significant (p � 0.02). However, the differences be-
tween the treatment groups failed to reach statistical
significance, mainly because of the number of patients
who gave low itch/sneezing scores at all times (Fig. 4).

The median (25–75 percentiles) numbers of times
the patients resorted to escape medication, puffs of
oxymetazoline, during days 8–15 of the study were 8.5
(1–15.5) for the HPMC group and 16 (11.5–16) for the
placebo group. There was a wide variability between
the patients, which precluded the difference between
groups being statistically significant (p � 0.076). How-
ever, 13 of the 18 patients who received placebo on
days 1–7 took more than 2 puffs of oxymetazoline per
day compared with only five patients treated with
HPMC (p � 0.04, Fisher exact test). Adverse events
were mild and infrequent. In the HPMC group, two
patients had headache, two had intermittent coughing,
one had common cold symptoms, and one had dys-
menorrhea. In the placebo group, three patients had

headache and one had flu-like symptoms. None of the
events were persistent or considered to be drug re-
lated.

DISCUSSION
The primary objective of this study was to substan-

tiate the hypothesis that a combination of a mucopro-
tective and mucoadhesive agent with pharmacologic
therapy will enhance the effectiveness of the latter.
This objective was achieved with the finding that an
area under the curve for 6 hours of observations after
oxymetazoline insufflation was significantly greater on
the first and eighth days of HPMC therapy compared
with placebo. In addition, there was a trend for con-
tinual improvement of rhinitis symptoms in the week
after HPMC treatment but not in those who received
placebo.

There are two possible mechanisms by which HPMC
may act to enhance the effects of oxymetazoline ther-
apy. The first is a purely physical one. Because HPMC

Table 1 The VAS assessments by patients on days 1, 8, and 15 of nasal congestion, rhinorrhea,
itching/sneezing, and total nasal symptoms

Symptom Baseline VAS,
(mean � SE)

VAS (mean � SE); %
Reduction at 8 days

VAS (mean � SE); %
Reduction at 15 days

Congestion
Placebo 56.6 � 4.9 43.6 � 5.7; 23 47.2 � 5.8; 17

p � 0.04 N.S.
HPMC 65.0 � 4.1 42.6 � 6.4; 35 36.2 � 6.7; 44

p � 0.004 p � 0.001
Significance of difference between groups N.S. N.S.

Rhinorrhea
Placebo 51.9 � 7.7 43.6 � 5.7; 39 47.7 � 5.8; 23

p � 0.003 p � 0.04
HPMC 59.7 � 6.2 37.9 � 6.9; 36 32.5 � 7.3; 46

p � 0.012 p � 0.013
Significance of difference between groups N.S. N.S.

Itch/sneezing
Placebo 27.7 � 7.1 24.3 � 5.9; 12 21.2 � 5.6; 23

N.S. N.S.
HPMC 32.8 � 7.0 14.3 � 4.5; 56 8.5 � 3.0; 74

p � 0.012 p � 0.013
Significance of difference between groups N.S. N.S.

Total symptoms
Placebo 68.4 � 5.1 39.6 � 5.8; 42 41.7 � 5.7; 39

p � 0.001 p � 0.001
HPMC 70.2 � 5.2 43.7 � 6.0; 38 34.2 � 6.5

p � 0.002 51% (p � 0.001)
Significance of difference between groups N.S. N.S.

SE � standard error; N.S. � not significant.
Significance values within groups were calculated by using the Student’s t-test for paired data and between groups by using
the Student’s t-test for unpaired data.
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was insufflated immediately after oxymetazoline, the
formation of a gel layer above the decongestant would
be likely to reduce its clearance from the nasal mucosa
and thereby increase its effectiveness. Such effect
would occur even with the first dose, as was seen on
day 1 of the study. This was actually the starting point
of our reasoning when planning the study. The second
mechanism would be for HPMC to create an improved
barrier to allergen penetration into the nasal mucosa.
In the longer term, it would reduce the inflammatory
events of the mucosal barrier thereby reducing nasal
reactivity.28–30 This activity is evidenced particularly
by the increased baseline PNIF, an index of nasal con-
gestion,31 up to 15 days in the HPMC-treated group.

Nasal congestion is recognized to be the most impor-
tant symptom in terms of impact on quality of life.32,33

We have identified it as the prominent symptom that
motivates patients to seek medical advice.34 We also
were aware that, in real life, people are driven by the
discomfort due to a “stuffy nose” to buy over-the-
counter decongestants to alleviate their discomfort
oblivious of any consequences.35–37 We reasoned that
choosing the “decongestant” design to improve the
benefits HPMC uses as a mucoadhesive agent, we
could achieve longer intervals between the oxymeta-
zoline applications.

In designing this study, we were cognizant of the
Allergic Rhinitis and its Impact on Asthma guidelines
recommendation17 that nasal decongestants should be
given only in short courses because, when used for
more than 10 days, these lead to rebound congestion
and rhinitis medicamentosa38,39 However, doubt has
been cast on the validity of this recommendation
because neither the cumulative dose of nasal decon-
gestants nor time period needed to initiate rhinitis

medicamentosa has been conclusively determined.40

Furthermore, the 2010 revision of the Allergic Rhinitis
and its Impact on Asthma guidelines17 grades the ev-
idence related to the application of decongestants in
allergic rhinitis as weak and lists this issue as unmet
need for future research. In our study, we could find no
evidence of rebound congestion or rhinitis medicamen-
tosa after usage of oxymetazoline for 7 days and even
15 days if rescue usage is taken into consideration.

The primary subjective assessments of rhinitis symp-
toms were made by using VAS. Extensively investi-
gated and validated in allergic rhinitis, VAS has been
shown to correlate significantly with disease severity
and quality of life.41 In addition, it has been proven
useful in the assessment of the effect of pharmacother-
apies on symptoms.42 Nasal congestion, rhinorrhea,
and total nasal symptoms all improved in both groups
at 8 days but continued to improve only in the HPMC
group thereafter. Further evidence that individuals in
the HPMC group felt better in the 8–15 day period was
their smaller usage of rescue medication compared
with the placebo group. Particular mention should be
made of itching/sneezing, which was greatly im-
proved by HPMC but not by oxymetazoline alone.
Unfortunately, the study was powered for identifying
statistical differences between the objective measure-
ments of PNIF rather than the more variable subjective
VAS assessments. Consequently, although there were
definite trends for patients having less-severe symp-
toms when taking HPMC, differences between the
groups failed to reach statistical significance.

As one might expect of a proof-of-concept study, our
work has limitations related to the small sample size
and the short duration of the observation. Further-
more, one might question the lack of a study arm with
HPMC alone: initially we focused on the potential of
HPMC as a mucoadhesive agent and did not anticipate
the longer-lasting benefits, which we registered in the
week after the discontinuation of treatment. Conse-
quently, our work raised questions, which now need to
be addressed by further research:

- Is the synergy offered by HPMC also valid for the
other nasal symptoms? The answer to this question re-
quires different study designs.

- Is the synergy offered by HPMC also valid for the
other nasally applied drugs? This is a tantalizing pos-
sibility because it opens the door for increased effec-
tiveness of drugs for local treatment, such as antihis-
tamines, nasal corticosteroids, antimuscarinic agents,
and combining these under the gelatinous HPMC mu-
cosal cover.

In conclusion, our proof-of-concept study demon-
strated that micronized HPMC powder enhances the
decongestant effect of nasal oxymetazoline in patients
with allergic rhinitis. It also showed that 1 week of
such regular combined treatment reduced nasal con-

Figure 4. Nasal itch/sneezing VAS scores on days 1, 8, and 15 of
the study. The solid dots are the patients treated with HPMC, and
the open dots are those treated with placebo. Each group contains
results from 18 individuals. Significance values were calculated by
using the Student’s t-test for paired data. There were no statisti-
cally significant differences between the groups.
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gestion in these patients, and this effect carries over for
another week after its discontinuation. Thus, HPMC
appears to be a safe and inexpensive adjunct to the
therapy of allergic rhinitis.
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