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Background: Allergic rhinitis is characterized by a
chronic inflammation of nasal mucosa and represents
a risk factor for asthma occurrence. H1 antihistamines
reduce the symptoms of rhinitis, but some compounds
may have anti-inflammatory properties.

Aims: We evaluated the plasma level of some cytokines
in patients with persistent allergic rhinitis (PAR) and
their evolution after a 4-week treatment with H1 anti-
histamines, as well as the risk of asthma after 1.5 years.
Study Design: Randomized clinical trial.

Methods: Eighty-five patients with PAR and 30 healthy
volunteers were included in the study. The patients with
PAR were randomly divided into 2 groups: 41 patients
treated with 5 mg/day desloratadine and 44 patients un-
der 5 mg/day levocetirizine for 4 weeks. The clinical
and biological evaluations were performed before and
after treatment and included rhinitis symptoms and to-
tal symptoms score, type of sensitization, and plasmatic
levels of total IgE, IL-1p, IL-6, IL-8 and TNF-a.
Results: 1L-8 and TNF-a were significantly increased
in patients with PAR compared to healthy volunteers
(5.85 vs 3.12, p<0.001 and 2.32 vs 1.06, p<0.001, re-
spectively). Both H1 antihistamines reduce all symp-

toms of allergic rhinitis, including nasal congestion and
the plasmatic level of IL-18, IL-6, IL-8 and TNF-q, af-
ter 4 weeks of treatment. The reduction of cytokine lev-
els was not influenced by patients’ age, sex, duration or
severity of rhinitis, or type of sensitization. Levoceti-
rizine has a superior effect compared to desloratadine
in reducing the rhinitis symptoms and cytokines’ level.
Twenty eight (32.9%) of the patients presented asthma
symptoms after 1.5 years. The occurrence of asthma
was influenced by house dust sensitization (OR-14.6;
CI 95% 1.8-116.3; p=0.01), but baseline values of cy-
tokines were not predictive factors for its appearance.
Conclusion: Levocetirizine and desloratadine as a pro-
longed therapy reduce plasmatic levels of some pro-
inflammatory cytokines in patients with PAR. Levoce-
tirizine has a better effect on decreasing the symptoms
and plasmatic levels of IL-1f and IL-8. (ClinicalTrials.
gov Identifier: NCT02507635)
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Allergic rhinitis is an IgE-mediated process that induces in-
flammation of the nasal mucosa (1,2). Clinically, it is charac-
terized by symptoms like sneezing, rhinorrhea, nasal conges-
tion and nasal itching, and ocular symptoms may sometimes
appear, especially in allergic rhinitis due to pollen. Up to 30%
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of patients with severe persistent allergic rhinitis are at risk of
developing asthma (3).

Allergic rhinitis is a consequence of a disruption of the Th1/
Th2 balance, with a dominant Th2 response that occurs after
allergen exposure (1,4). Allergic inflammation is a cascade of
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processes that involve several cells and mediators. The mast
cell is the major cell involved in the early stage of inflamma-
tion. Sequentially synthesized cytokines released from mast
cells, together with eosinophil-specific ones, are responsible
for chronic allergic inflammation (4).

TNF-a is the major cytokine, either synthesized or stored
in mast cells (5). Mast cells also produce interleukins, such
as IL-3, IL-4, IL-5, IL-6, IL-8, IL-1pB, and IL-13 (5-7). All
of these cytokines, together with the released histamine, are
responsible for impaired vascular permeability and adhe-
sion processes, proliferation and differentiation of activated
B cells, stimulation of eosinophil growth and differentiation
(8,9). Eosinophils are another major source of cytokines, es-
pecially in the late phase of allergic inflammation. They can
synthesize and release IL-1p, TNF-a, IL-3, IL-4, IL-5, and
IL-8 (5,10). However, the concentration of mediators released
from eosinophils is lower compared to other cells involved in
allergic inflammation (10).

Increased levels of IL-1B, TNF-0, IL-6 and IL-8 were ob-
served in nasal lavage after allergen provocation tests or under
natural exposure conditions, in both intermittent and persis-
tent allergic rhinitis (11-15).

The main purpose of the treatment of persistent allergic rhi-
nitis is to improve symptoms and patients’ quality of life and
prevent the development of asthma (1). Therapeutic strategies
also target a reduction of pro-inflammatory mediators released
from activated cells, including mast cells and epithelial cells.
The presence of allergic inflammation in nasal mucosa may
increase the risk of asthma occurrence, especially in patients
with persistent allergic rhinitis (1). H1 antihistamines are
widely recommended in all types of allergic rhinitis, regard-
less of symptom severity or persistence (1). They control all of
the symptoms, but to a lesser extent nasal congestion (1, 16).
New generation agents, such as levocetirizine and deslorata-
dine, possess anti-inflammatory properties, reducing allergic
inflammation (16,17).

The aim of the study was to determine the plasmatic profile
of IL-1B, IL-6, IL-8 and TNF-a in patients with persistent al-
lergic rhinitis and their evolution after 4 weeks of treatment
with levocetirizine and desloratadine under natural exposure
to allergens. We also investigated the possible predictive role
of these cytokines in the occurrence of bronchial asthma after
1.5 years.

MATERIALS AND METHODS

Patients
Eighty-five patients with persistent allergic rhinitis, di-
agnosed according to international criteria (1), without any
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known history of atopy, were included in the study. The
mean age was 29.9149.92 years and the male to female ra-
tio was 1.07. We also included 30 healthy subjects, mean age
28.92+8.91 years, with a male to female ratio of 1, as a control
group.

The patients were evaluated in the Department of Allergol-
ogy of the Regional Institute of Gastroenterology and Hepa-
tology “Prof. Dr. Octavian Fodor”, Cluj-Napoca, between
February 2009 and November 2011. The study protocol was
approved by the Ethics Committee of the Tuliu Hatieganu Uni-
versity of Medicine and Pharmacy and each patient signed the
informed consent before the study began.

The exclusion criteria were as follows: the presence of asth-
ma or nasal polyps, acute and chronic upper respiratory infec-
tions, administration of intranasal or systemic corticosteroids
or H1 antihistamines in the past 30 days.

After baseline clinical and biological evaluation, patients
were randomly divided into two subgroups using adaptive bi-
ased-coin randomization, with the 1st being treated with 5 mg/
day levocetirizine and the 2nd with 5 mg/day desloratadine,
for four weeks. At the end of the four weeks, the patients were
similarly evaluated.

Clinical evaluation

The following demographic data were noted: age, gender,
and area of origin (rural/urban). Patient history provided data
regarding the presence and severity of AR symptoms: rhinor-
rhea, nasal congestion, sneezing, nasal and ocular itching, and
the duration of disease. Each symptom was evaluated on a
scale from 0 to 3 (0O=absent, 1=mild, 2=moderate, and 3=se-
vere), followed by calculation of the total symptoms score
(TSS). A TSS <6 was considered indicative of mild rhinitis,
while a TSS >6 was considered indicative of moderate or se-
vere rhinitis (1).

The patients were clinically evaluated after 1.5 years to de-
termine the possible onset of bronchial asthma. We evaluated
the presence of asthma symptoms (cough, wheezing, and dys-
pnea) or asthma exacerbation, that need specific treatment in
this period of time. We also performed spirometry to check
pulmonary function at baseline and after a 1.5-year follow-up.
The occurrence of asthma was taken into consideration if one
of these criteria was present during the 1.5-year period.

Skin prick tests (SPT)

Allergy was diagnosed using SPT. The allergen panel in-
cluded: house dust mites, mixed grass pollens, betulacee pol-
len, mixed weed pollens, and cat and dog fur. We used al-
lergen extracts (Stallergens, France) and SPT was performed
according to international guidelines (18) as well as the par-
ticularities of exposure to allergens in Romania.
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TABLE 1. Patients’ demographic data

Parameter Des (n=41) Lev (n=44) p

Age* 32.6+13.1 27.34+6.5 p=0.01

Sex” M 43.9% (18) 59.1% (26) p=0.1
F 56.1% (23) 40.9% (18)

Environment” Urban 80.5% (33) 86.4% (38) p=0.5
Rural 19.5% (8) 13.6% (6)

Type of AR® Mild 31.7% (13) 25% (11) p=0.6
Moderate severe 68.3% (28) 75% (33)

Duration (months)™ 24 (6-60) 30 (7.5-48) p=0.5
Sensitization” Indoor 39% (16) 18.2% (8) p=0.002
Outdoor 4.9% (2) 34.1% (15)

Indoor + outdoor 56.1% (23) 47.7% (21)

*: Data are expressed as mean+SD; *: Data are expressed as (%, n); Data are expressed as”(median; 25-75® percentile)
SD: standard deviation; n: number; AR: allergic rhinitis; Des: desloratadine; Lev: levocetirizine; M: male; F: female

TABLE 2. Patients’ symptoms and total symptom score before
and after treatment

Parameter Des (n=41)  Lev (n=44) P

TSS baseline 9 (5-11) 8 (6-11.75) p=0.4
4 weeks 1(0-4) 0.5 (0-3.75)

Rhinorrhea baseline 3 (2-3) 2 (1-3) p=0.6
4 weeks 0(0-1) 0(0-1)

Nasal itching baseline 2(1-2) 2 (1-2.75) p=0.9
4 weeks 0(0-1) 0(0-1)

Nasal congestion  baseline 2 (1-3) 2 (1-3) p=0.05
4 weeks 1(0-2) 0.5 (0-2)

Sneezing baseline 2 (1-2) 2 (1-3) p=0.2
4 weeks 0 (0-0) 0 (0-0)

Ocular itching baseline 1(0-2) 2 (0.25-2.75) p=0.8
4 weeks 0 (0-0) 0 (0-0)

Data are expressed as” (median; 25-75" percentile)

TSS: total symptoms score; Des: desloratadine; Lev: levocetirizine

Total plasma IgE
Total plasma IgE was determined using the electrochemilu-
minescence immunoassay method (ECLIA). The values were
expressed as Ul/mL, with a normal value <100 UI/mL (1).

Plasma cytokine levels

Plasma levels of IL-1p, IL-6, IL-8 and TNF-alpha were de-
termined. The blood was sampled (5 ml without anticoagulant)
at baseline and after 4 weeks of treatment. The blood samples
were centrifuged in the 1st hour, followed by serum separation.
The serum was stored at -80°C until determination.

Cytokine determinations were performed using the ELISA
technique (R&D Systems, Minneapolis, USA). The samples
and standard dilutions were assayed according to the manu-
facturer’s instructions.

Statistical analysis

Statistical analysis was performed using SPSS version 21
(Chicago, IL, USA). Data were labelled as nominal and con-
tinuous variables. Nominal variables were characterized as
percentages. We tested the normal distribution of continuous
variables using the Kolmogorov-Smirnov test. They were
characterized as the mean and standard deviation (for nor-
mally distributed variables) or as the median and the 25%-75%
percentiles (for non-normally distributed variables). We chose
adequate statistical tests according to data distribution.

The Mann-Whitney test and Spearman’s rho correlation co-
efficient were used for the univariate analysis of continuous
variables. The Wilcoxon signed-rank test was applied to as-
sess the differences in cytokine levels between baseline and
four-week time points. The influence of different parameters
on subsequent cytokine changes was studied using repeated
measures analysis of variance (ANOVA), after base-10 loga-
rithmic transformation of the non-normally distributed depen-
dent variables. The Chi-square test was used for data analysis.
The level of statistical significance was set at p<0.05.

RESULTS

The patients’ clinical and demographic data are shown in
Table 1.

Clinical evaluation

Moderate or severe persistent allergic rhinitis was present in
61 (71.8%) patients, also demonstrated by the median value of
TSS, 9 (5-11). Among rhinitis symptoms, rhinorrhea was the
most severe (2.1£0.9), being significantly higher in the deslo-
ratadine group (p=0.01), followed by nasal congestion. Ocu-
lar symptoms were more severe in the levocetirizine group
(p=0.03) (Table 2).
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TABLE 3. Baseline plasma level of cytokines in healthy volunteers and patients with allergic rhinitis

Healthy volunteers (n=30)

Patients with PAR (n=85)

Cytokine Range

Median (25-75™ percentile)

Range Median (25-75™ percentile)

IL-1B (pg/mL) undetected-0.2

IL-6 (pg/mL) 0.44-9.96 1.57 (0.95-1.94)
IL-8 (pg/mL) undetected-31.2 3.12 (2.35-7.94)
TNFa (pg/mL) 0.550-2.816 1.06 (0.73-2)

0.13 (0-0.25)

undetected-1.72 0.122 (0-0.29)

0.37-8.62 1.28 (0.87-1.87)
undetected-38.67 5.85(3.22-10)
0.58-7.37 2.32(1.55-2.92)

PAR: persistent allergic rhinitis

TABLE 4. Patients’ biological parameters before and after treatment

Parameter Des (n=41) Lev (n=44) P

Total IgE  baseline 115 (44.5-280)  151.6 (50.8-287.5)  p=0.9
4 weeks 75 (31.1-154.5) 79.5 (34.5-166)

IL-1B baseline 0.03 (0-0.29) 0.12 (0.02-0.26)  p=0.04
4 weeks  0.005 (0.00-0.13) 0.03 (0-0.10)

IL-6 baseline 1.4 (0.8-2.6) 1.2 (0.8-1.7) p=0.8
4 weeks 1.2 (0.5-1.8) 0.9 (0.6-1.1)

IL-8 baseline 53 (3.1-9.4) 6.3 (3.3-11.1) p=0.02
4 weeks 4.6 (2.5-6.4) 3.8 (1.6-6.3)

TNFa baseline 2.1(1.4-2.7) 2.4 (1.76-3.2) p=0.8
4 weeks 1.4 (1.1-1.7) 1.5 (1.08-2.4)

Data are expressed as ~(median; 25-75" percentile)

Des: desloratadine; Lev: levocetirizine

The four-week H1-antihistamine treatment improved aller-
gic rhinitis symptoms, demonstrated by a highly significant
reduction of TSS (p<0.001), with no differences between
groups (p=0.4). All of the symptoms, including ocular ones,
were improved by levocetirizine and desloratadine, but nasal
congestion was significantly improved in the levocetirizine
group (p=0.05) compared to the desloratadine group.

Total IgE

The baseline plasma level of total IgE was increased, with
no significant differences between the 2 groups (p=0.3). The
level of total IgE was higher in patients with allergic rhini-
tis to pollen, with no significant differences compared to pa-
tients with other types of sensitization (p=0.8). The four-week
evaluation revealed a significant decrease in IgE plasma level
(p<0.001), especially in patients with allergic rhinitis to pollen
(p=0.006). The reduction of total IgE was not influenced by
the type of treatment, patient age, gender and area of origin,
the duration or severity of allergic rhinitis (p>0.05).

Cytokines
The plasma levels of the cytokines investigated were signifi-
cantly higher in patients with allergic rhinitis compared to healthy
subjects for IL-8 (p<0.001) and TNFa (p<0.001) (Table 3).
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There was a moderate positive correlation between the base-
line values of IL-1f and IL-6 (r=0.339, p=0.001), IL-1p and
TNFa (r=0.360, p=0.001), IL-6 and IL-8 (r=0.365, p=0.001),
IL-6 and TNF-a (r=0.395, p<0.001), and IL-8 and TNF-a
(r=0.369, p=0.001), and a weak one between IL-1f and IL-8
(r=0.230, p=0.03).

After the four-week treatment with H1 antihistamines, plas-
ma levels of IL-1p (p<0.01), IL-6 (p<0.01), IL-8 (p<0.01) and
TNF-a (p<0.01) decreased significantly compared to baseline
values. The reduction in the investigated cytokines was not in-
fluenced by patient age, gender and area of origin, duration or
severity of rhinitis, and type of sensitization, except for IL-8.
IL-8 significantly decreased in patients with mild allergic rhini-
tis compared to its moderate-severe forms (p=0.01). The reduc-
tion of IL-8 and IL-1f was more pronounced in the levocetiri-
zine group compared to the desloratadine group (Table 4).

Bronchial asthma
Twenty-eight patients (32.9%) presented bronchial asthma
at the 1.5-year evaluation. The risk of bronchial asthma was
independently influenced by sensitization to house dust mites
(OR-14.6; CI 95% 1.8-116.3; p=0.01). The baseline levels of
the cytokines investigated were not a predictive factor for the
occurrence of bronchial asthma (p>0.05).

DISCUSSION

This study described the plasma profile of pro-inflamma-
tory cytokines in patients with newly diagnosed allergic rhi-
nitis. We evaluated the effects of two second generation H1
antihistamines, levocetirizine and desloratadine, showing that
they improved symptoms and reduced the pro-inflammatory
markers in allergic rhinitis.

Th2-specific cytokines were extensively evaluated in previ-
ous studies, especially IL-4 (8,13,17,19), which has a pivotal
role in the stimulation of IgE synthesis (13), together with
IL-6 and IL-1B (5,7,13). On the other hand, TNF-a has pleio-
tropic functions in allergic inflammation, meaning that it is
an important mediator in both phases (5,20). IL-8 is the main
neutrophil chemoattractant factor, released by activated mast
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cells (17,20). Considering all of these observations, the evalu-
ation of cytokine modulation by the pharmacologic treatment
is a process that can reduce allergic inflammation.

Baseline plasma levels of total IgE were higher in patients
with AR, regardless of its severity or the type of sensitiza-
tion. This observation is similar to other data that prove the
involvement of IgE and eosinophils in allergic inflammation
(5,21). Total IgE is higher in patients with pollen allergy, be-
cause they were included in the study during the pollen season,
when they have specific symptoms. It is well known that the
level of IgE depends on allergen concentration (5). Prolonged
treatment with H1 antihistamines reduced the plasma level
of total IgE, with no differences between levocetirizine and
desloratadine. The reduction of total IgE was also mentioned
by Maiti et al. (22) in patients with seasonal allergic rhinitis
treated with rupatadine or levocetirizine for 2 weeks. In this
study, rupatadine had a better effect in reducing total IgE than
levocetirizine, but in our study we did not investigate the ef-
fect of rupatadine. We compared the effects of levocetirizine
and desloratadine on total IgE levels.

In our study, we observed high plasma levels of IL-8 and
TNF-a in patients with allergic rhinitis compared to healthy
subjects. There are studies showing that IL-1p, IL-6, IL-8 and
TNF-a are increased in the nasal secretions of patients with
allergic rhinitis after allergen provocation tests (11,12,14)
or under natural conditions of exposure to allergens (13,20,
21). To the best of our knowledge, this is the first study to
evaluate these cytokines in the serum of patients with allergic
rhinitis, showing high levels of IL-8 and TNF-a. The obser-
vation could explain the chronic evolution of allergic rhini-
tis and the association of asthma (3). In their study, Ohkubo
et al. (12) observed that migrating cells and epithelial cells
are the main source for IL-6 and IL-8 production and their
synthesis is stimulated by allergen exposure. In our study, the
high plasma level of IL-8 could be a consequence of these
migrating cells that release high quantities of IL-8, which can
be detected in the plasma, not only in nasal secretion. We de-
tected very low levels of IL-1f in patients with allergic rhinitis
(25.88% of the patients had undetectable values). Only 22%
of them had IL-1f plasma levels above the maximal value,
detected in healthy subjects. IL-6 is an early released cytokine
in allergic inflammation, immediately after allergen exposure
(12). In our study, we determined IL-6 levels at presentation
moments and the exposure to allergen was continuous. The
obtained result is similar to that reported in the study carried
out by Groger et al. (21), who found normal levels of IL-6 in
PAR patients. Probably, the persistence of allergic inflamma-
tion does not depend on IL-6.

The four-week treatment with levocetirizine and deslorata-
dine significantly reduced allergic rhinitis symptoms, includ-
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ing nasal congestion. This was also mentioned in previous
studies (16,19). Levocetirizine reduced nasal congestion to
a greater extent than desloratadine, similar to other studies
(17,19,23).

Second generation H1 antihistamines also have anti-inflam-
matory properties, together with their effects of blocking his-
tamines (24, 25), demonstrated first in in vitro studies. But the
promising in vitro effects were described for higher concentra-
tions compared to the levels obtained after therapeutic doses
and were not constantly demonstrated in in vivo studies.

Levocetirizine and desloratadine significantly decreased the
plasma levels of IL-1p, IL-6, IL-8 and TNF-a after 4 weeks of
treatment. The anti-inflammatory effect is significantly higher
for levoetirizine, due to the more pronounced reduction of IL-
1B and IL-8. This could be explained by the different phar-
macokinetic and pharmacodynamic properties of levocetiri-
zine and desloratadine. Levocetirizine has a lower volume of
distribution and higher affinity for H1 receptors (24,25). The
data obtained in the present study are similar to the results ob-
tained by Ciprandi et al., who revealed that levocetirizine has
a more pronounced anti-inflammatory effect than deslorata-
dine in patients with seasonal allergic rhinitis, after 2 weeks
of treatment (17). Deruaz et al. (23) showed that IL-4, IL-5,
IL-8, eotaxine and ECP in nasal lavage are not reduced after
a single administration of desloratadine or levocetirizine, but
they considered their possible anti-inflammatory effect if they
were administered for a longer period of time. In the present
study, H1 antihistamines are administered continuously for 4
weeks and the results obtained could confirm the hypothesis
raised by Deruaz et al. (23).

Our study is not consistent with other published data. In
their study, Tworek et al. (26) found that desloratadine 5 mg/
day did not reduce the plasma level of IL-4, IL-10, IL-18 and
TGF-B in patients with allergic rhinitis to grass pollen after a
4-week treatment. Similarly, Reinartz et al. (27) mentioned the
lack of desloratadine effect on inflammatory parameters after
a l-week treatment, but like Deruaz et al. (23), they raised
the hypothesis that a prolonged treatment may have a greater
influence on the level of pro-inflammatory cytokines. In our
study, we investigated cytokines with stimulatory effect on the
immune system, while the study of Tworek et al. (26) focused
on other types of cytokines, so H1 antihistamines might have
a different influence on cytokine patterns in patients with al-
lergic rhinitis.

Approximately 30% of patients with severe allergic rhini-
tis develop bronchial asthma over time, supporting the theory
that allergic rhinitis and asthma may be part of the same dis-
ease (1,3). Our findings support this theory, as 32.9% of the
patients had asthma symptoms after 1.5 years. There is no
clear data on the exact time of asthma occurrence in patients
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with persistent allergic rhinitis, but our study revealed that this
risk is correlated with allergic rhinitis duration and sensitiza-
tion to house dust mites, similar to other studies (3,28,29).
However, there is no correlation between baseline cytokine
levels and the risk of asthma after 1.5 years. Moreover, there
is no correlation between the type of H1 antihistamines used
to treat allergic rhinitis and the risk of asthma occurrence.
One published study suggests that VEGF and IL-5 can be
important determinants of the development of asthma symp-
toms in allergic rhinitis patients (30), but we evaluated other
cytokine patterns, so this could explain the discrepancies be-
tween the two studies.

Finally, the limitations of the study must be pointed out.
The investigation of pro-inflammatory cytokines was not
correlated with the adhesion molecules involved in the
pathogenesis of allergic rhinitis. We included a small number
of patients in the study, with different types of sensitization,
to both outdoor and indoor allergens. We randomly divided
patients into subgroups, taking into account the recommend-
ed H1 antihistamines. This could explain the differences
between the levocetirizine and desloratadine subgroups re-
garding the type of sensitization, more patients sensitized to
pollen being included in the levocetirizine subgroup. Further
studies could investigate the effect of H1 antihistamines on
the plasma levels of both cytokines and adhesion molecules
and to differentiate the results according to the type of sensi-
tization. The follow-up period for the occurrence of asthma
was shorter than in other studies, but we had a limitation of
time due to project duration.

In conclusion, patients with persistent allergic rhinitis have
high plasma levels of TNF-a and IL-8. Levocetirizine and
desloratadine improve allergic rhinitis symptoms, including
nasal congestion. Prolonged levocetirizine and desloratadine
therapy reduces the plasma levels of several pro-inflamma-
tory cytokines. Levocetirizine has a better anti-inflammatory
effect in decreasing the level of serum cytokines. Baseline
levels of pro-inflammatory cytokines do not seem to predict
the onset of asthma after the 1.5-year follow-up.
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