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Abstract

Allergic rhinitis (AR) is an IgE-mediated inflammation which causes olfactory dysfunction. Antihistamines have been
widely used to treat AR while few studies have investigated the effect of antihistamines on improving the sense of smell. In
addition, the underlying mechanisms are not well elucidated. We established the ovalbumin (OVA)-induced allergic rhinitis
rat model and administrated desloratadine to AR rats. The AR symptoms, serum level of OVA-specific IgE and IL-17, and
expression of IL-4, IL-5 and IL-13 in nasal mucosa were measured. The olfactory dysfunction was monitored by buried food
test and the expression of GluR1 was measured. Desloratadine treatment alleviated AR symptoms, decreased serum level of
OVA-specific IgE and IL-17 in AR rats. Desloratadine decreased IL-4, IL-5, and IL-13 expression in nasal mucosa of AR
rats. Desloratadine ameliorated olfactory dysfunction in AR rats and decreased GluR1 expression in AR rats. Desloratadine
treatment alleviated AR symptoms and ameliorated olfactory dysfunction in AR rats. The expression of AMPA receptor

subunit GluR1 in olfactory bulb was associated with olfactory disorder.
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Introduction

Allergic rhinitis (AR), also known as hay fever, is a type of
nasal inflammation which occurs when the immune system
overreacts to environmental allergens such as pollen, dust,
mold or pet hair. The symptoms of AR include sneezing,
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nasal pruritus, airflow obstruction, and mostly clear nasal
discharge (Bousquet et al. 2008).

AR is one of the most common diseases and represents a
global health problem, currently affecting up to 30% of the
population and with a continuously increasing prevalence
and significant comorbidities and complications (Licari et al.
2014). The underlying mechanisms involve IgE-mediated
reactions against inhaled allergens and mucosal inflamma-
tion driven by type 2 helper T (Th2) cells. Th2 lymphocytes
secrete several cytokines including IL-4, IL-5, IL-19 and
IL-13. IL-4 is essential to induce the isotype switch from
IgM to IgE in B cells while IL-5 stimulates the production
and survival of eosinophils in nasal tissue, and induces
eosinophilic inflammation (Greiner et al. 2011; Greiner and
Meltzer 2011). Drug treatment is the major cornerstone of
AR management which is mainly based on antihistamines
and intranasal corticosteroids (INCSs).

AR is also the main cause of olfactory dysfunction
(Guilemany et al. 2009). Olfactory disorder is very com-
mon and 1.2% of patients with olfactory disorder have a
permanent loss and 62.4% have a temporary loss of the
sense of smell (Wang et al. 2017). The a-amino-3-hydroxy-
5-methyl-4-isoxazolepropionic acid receptor (also known
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as AMPA receptor, AMPAR, or quisqualate receptor) is
an ionotropic transmembrane receptor for glutamate that
mediates fast synaptic transmission in the central nerv-
ous system. GluR-A to D, four AMPAR constituents, form
tetrameric channel with different binary subunit combina-
tions. Among them, GluR-B is contained in the majority of
AMPARs (Petralia et al. 2004). The AMPA receptors have
been identified in olfactory bulb and the contribution of
AMPAR to olfactory processing in the olfactory bulb has
been described (Blakemore et al. 2006). Shimshek et al.
(2005) also reported that modification of AMPARSs affected
olfactory memory and discrimination. However, there is no
previous report about the potential effects of AMPARSs on
olfactory disorder in AR.

Antihistamines have been widely used to treat AR while
few studies have investigated the effect of antihistamines
improving the sense of smell. In addition, the underlying
mechanisms are not well elucidated (Guilemany et al. 2012;
Marino-Sanchez et al. 2018). In current study, we utilized
the well-established ovalbumin (OVA)-induced allergic rhi-
nitis rat model and evaluated the effects of the antihistamines
desloratadine on allergic rhinitis and olfactory disorder.

Materials and Methods
Animals

Ten weeks Sprague—Dwaley rats weighing 220-280 g were
purchased from Beijing Vital River Laboratory Animal
Technology Co., Ltd. (Beijing, China). The rats were housed
in animal facility with automatically adjusted day—night
cycle, temperature (24 +2 °C), and humidity (45 +3%)
values. Food and water were available ad libitum in home
cages. This experiment was performed according to the
guidelines in Affiliated Hospital of Qingdao University and
approved by the Ethics of the Institutional Animal Care and
Use Committee in Affiliated Hospital of Qingdao University.

AR Model and Experimental Design

The AR model was established using an OVA sensitization
method. Rats were divided into five groups. To induce model
of AR, rats were sensitized via intraperitoneal (i.p.) injec-
tion of 0.3 mg OVA emulsified in 30 mg AL(OH)3 (OVA/
alum) every other day for 2 weeks. Following the i.p. immu-
nization, the rats were challenged by intranasal dripping of
20 pl of 0.1 mg/mL OVA daily for 2 weeks (Group B) or
6 weeks (Group C). For Group D, rats were challenged daily
for total 10 weeks. After 6 weeks challenge, Group D rats
were i.p. injected with desloratadine (3 mg/kg, daily) for
4 weeks. Rats in Group E were rats were challenged daily
for total 6 weeks and then treated with desloratadine for
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4 weeks. Control group (Group A) rats were received i.p.
and intranasal administration of phosphate-buffered saline
(PBS) solution. All animals were closely observed for devel-
opment of any nasal responses of sneezing, nasal rubbing
events for 10 min.

ELISA

Blood samples were collected. The serum level of OVA-spe-
cific IgE was measured using anti-ovalbumin IgE (mouse)
ELISA Kit (Cayman Chemical, Ann Harbor, MI, USA), and
IL-17 was measured using mouse IL-17 DuoSet ELISA kit
(R&D Systems, Inc. Minneapolis, MN, USA) according to
manufacturer’s protocol.

Western Blot

Nasal mucosa was removed and the total protein was
extracted using M-PER mammalian protein extraction rea-
gent (Thermo Fisher, Waltham, MA, USA). The olfactory
bulb was isolated and total proteins were extracted using
Total Protein Extraction Kit (Novus biologicals, Centennial,
CO, USA). After measuring protein concentration using
Bradford Protein Assay (Bio-rad, Hercules, CA, USA),
total 25 ug protein was loaded on 12% SDS—PAGE and then
transfer to PVDF membrane. After blocking with 5% non-
fat milk (Bio-Rad, USA) for 1 h at room temperature, the
membranes were incubated with different primary antibod-
ies: anti-IL-4 (Abcam, Cambridge, MA, USA), anti-IL-5
(R&D Systems, USA), anti-IL-13 (R&D Systems, USA),
anti- Anti-Glutamate Receptor 1 (Abcam, USA) and anti-f§
actin (Sigma, St Louis, MO, USA). The primary antibodies
were incubated at 4 °C for overnight. Next day, horseradish
peroxidase (HRP)-conjugated corresponding secondary anti-
bodies were incubated at room temperature for 1 h. Peroxi-
dase reaction was visualized by the SuperSignal West Pico
Chemiluminenscent Substrate Kit (Thermo Scientific, USA).
The signal intensities were quantified using software Imagel.

Buried Food Test

The buried food test (BFT) was performed to examine olfac-
tory disorder as described previously (Wang et al. 2017).
Food pellets were randomly buried in the litter at depths
of 1-2 cm. The food-deprived rats from different treatment
groups were placed into the location of the experiment. The
time from when the rat was put into the location until it
grasped the food pellet was recorded.

Real-Time PCR

Total RNA of olfactory bulb was isolated using RNeasy mini
kit (Qiagen, Germantown, MD, USA). The Quatitect reverse
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transcription kit (Qiagen, USA) was used to synthesize the
subsequent cDNA. Real-time PCR (RT-PCR) was performed
using SYBR Green Master Mix (Qiagen, USA) following
manufacturer’s instructions and on a QuantStudio 3 Real-
Time PCR System (Thermo Fisher, USA). GAPDH was
used as the internal control. Primer sequences used for RT-
PCR were: GluR1 Forward: 5'-GAGCAACGAAAGCCC
TGTGA-3', Reverse: 5'-CCCTTGGGTGTCGCAATG-3'.
GAPDH forward 5'-TGATTCTACCCACGGC AAGTT-3".
Reverse 5'-TGATGG GTTTCCCATTGATGA-3".

Statistical Aanalysis

One-way ANOVA analysis followed a Tukey’s post hoc test
was used for statistical analysis. Statistical difference was
considered as significant only if p <0.05.

Results

Establishment of the AR Rat Model Using OVA

To carefully evaluate the protective effects of desloratadine
on RA and explore the underlying mechanisms, we first

established the AR rat model as described previously using
OVA (Aswar et al. 2015). The administration of deslorata-
dine to the AR rat was described in detail in Materials and
Methods and shown in Fig. 1.

Desloratadine Decreased the Sneezing and Nasal
Rubbing Events in AR Rats

Next, we monitored the sneezing and nasal rubbing events
among different group of rats. As shown in Fig. 2, rats sen-
sitized and challenged with OVA for 4 and 8 weeks had
greatly increased frequencies of sneezing (Fig. 2a) and
nasal rubbing (Fig. 2b) events when compared to normal
rats. In contrast, rats sensitized and challenged with OVA for
12 weeks with desloratadine treatment in the last 4 weeks
(AR 12 week group), and rats sensitized and challenged
with OVA for 8 weeks and then treated with desloratadine
for 4 weeks (AR 8-week group) displayed significantly
decreased frequencies of both sneezing (Fig. 2a) and nasal
rubbing (Fig. 2b) when compared to rats sensitized and
challenged with OVA for 8 weeks. Interestingly, rats sensi-
tized and challenged with OVA for 8 weeks and then treated
with desloratadine for 4 weeks (AR 8-week group) had sig-
nificantly lower frequencies of sneezing and nasal rubbing
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[ Sensitization OVA (0.3 mg) + Alum (30 mg), intraperitoneal, every other day.

£Z Challenge OVA (2 ug), intranasal, daily.

72 Treatment Desloratadine (3 mg/kg), oral, daily.

3 Observation and examination

Fig.1 Schematic representation of the experimental protocol. To
induce model of allergic rhinitis (AR), rats were sensitized via intra-
peritoneal injection of 0.3 mg ovalbumin (OVA) emulsified in 30 mg
AL(OH)3 (OVA/alum) for 2 weeks (every other day). And then the
rats were challenged by instilling a 20 pL droplet of OVA (0.1 mg/
mL) into each nostril using a micropipette daily for 2 weeks (group

B) or 6 weeks (Group C). For Desloratadine treatment, AR rats
were intraperitoneal injected with desloratadine (3 mg/kg, daily)
for 4 weeks with (Group D) or without continuous OVA challenge
(Group E). Rats received intraperitoneal and intranasal administration
of PBS solution were set as control group (Group A). The symptom
of AR in different groups was examined on predetermined days
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events than rats sensitized and challenged with OVA for
12 weeks with desloratadine treatment in the last 4 weeks
(AR 12-week group), indicating longer challenge of OVA
diminished the desloratadine-mediated prevention of sneez-
ing and nasal rubbing events in AR rats.

Desloratadine Decreased Serum Levels
of OVA-Specific IgE and IL-17 in AR Rats

We next measured the serum levels of OVA-specific IgE
and IL-17 in AR rats after desloratadine treatment. As
shown in Fig. 3a, rats sensitized and challenged with OVA
for 4 and 8 weeks had greatly increased OVA-specific IgE
in serum when compared to normal rats. In contrast, rats
sensitized and challenged with OVA for 12 weeks with
desloratadine treatment in the last 4 weeks (AR 12-week

Desloratadine

group), and rats sensitized and challenged with OVA for
8 weeks and then treated with desloratadine for 4 weeks
(AR 8-week group) had significantly decreased serum level
of OVA-specific IgE. Longer challenge of OVA diminished
the dampened of serum OVA-specific IgE by desloratadine
in AR rats as we detected significantly increased serum
OVA-specific IgE level in rats sensitized and challenged
with OVA for 12 weeks with desloratadine treatment in
the last 4 weeks (AR 12-week group) when compared to
rats sensitized and challenged with OVA for 8 weeks and
then treated with desloratadine for 4 weeks (AR 8-week
group). Similar result could be obtained for serum IL-17
level (Fig. 3b). Taken together, our data demonstrated that
desloratadine decreased serum levels of OVA-specific IgE
and IL-17in AR rats.
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Desloratadine Decreased Expressions of IL-4, IL-5
and IL-13 in Nasal Mucosa of AR Rats

The expressions of IL-4, IL-5 and IL-13 in nasal mucosa of
AR rats were measured. As shown in Fig. 4a, b, there was
obviously increased IL-4 expression in nasal mucosa of rats
sensitized and challenged with OVA for 4 and 8 weeks. In
contrast, we detected greatly decreased IL-4 expression in
nasal mucosa of rats sensitized and challenged with OVA for
12 weeks with desloratadine treatment in the last 4 weeks
(AR 12-week group), and rats sensitized and challenged with
OVA for 8 weeks and then treated with desloratadine for
4 weeks (AR 8-week group). Rats sensitized and challenged
with OVA for 8 weeks and then treated with desloratadine
for 4 weeks (AR 8-week group) had obviously significantly
less IL-4 expression in nasal mucosa than rats sensitized
and challenged with OVA for 12 weeks with deslorata-
dine treatment in the last 4 weeks (AR 12-week group).
We obtained similar results for IL-5 (Fig. 4c, d) and IL-13
(Fig. 4e, f) expression. Collectively, our data demonstrated
that desloratadine decreased expression of IL-4, IL-5 and
IL-13 in nasal mucosa of AR rats.

Desloratadine Enhanced Olfactory Function in AR
Rats

We performed the BFT to determine the effects of deslorat-
adine on the olfactory function of AR rats. As shown in
Fig. 5, normal rats in the control group could find buried
food pellets within 200 s. In contrast, rats sensitized and
challenged with OVA for 4 and 8 weeks spent longer time
to find buried food pellets when compared to normal rats,
indicating the impaired olfactory function in AR rats. Rats
sensitized and challenged with OVA for 12 weeks with
desloratadine treatment in the last 4 weeks (AR 12-week
group), and rats sensitized and challenged with OVA for
8 weeks and then treated with desloratadine for 4 weeks
(AR 8-week group) spent significantly shorter time to find
buried food pellets than rats sensitized and challenged with
OVA for 8 weeks. Interestingly, the time rats sensitized and
challenged with OVA for 8 weeks and then treated with
desloratadine for 4 weeks (AR eight-week group) spent to
find buried food pellets was significantly shorter than that
AR 12-week group rat spent, indicating desloratadine had
better effects in rats with shorter OVA challenge.
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Fig.4 The expressions of IL-4 (a and b), IL-5 (¢ and d) and IL-13 (e and f) in nasal mucosa of different groups of rats were examined via west-

ern blotting. B-Actin was set as control protein. **p <0.01, ***p <0.001
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Fig.5 Performance of different rats on buried and visible pellet tests.
Food pellets were randomly buried in the litter at depths of 1-2 cm.
Next, the rats were placed into the location of the experiment and the
time spent finding the balls was recorded. Data represent means + SD.
n=38, *¥p <0.01, ***p <0.001

Desloratadine Decreased GlutR1 Expression
in Olfactory Bulbs of AR Rats

Finally, we measured the Glutamate receptor 1 (GlutR1)
expression in olfactory bulbs of AR rats after deslorata-
dine treatment. As shown in Fig. 6a, significantly increased
mRNA levels of GlutR1 were detected in olfactory bulbs of

rats sensitized and challenged with OVA for 4 and 8 weeks.
In contrast, significantly decreased GlutR1 mRNA expres-
sions were detected in olfactory bulbs of rats sensitized
and challenged with OVA for 12 weeks with desloratadine
treatment in the last 4 weeks (AR 12-week group), and
rats sensitized and challenged with OVA for 8 weeks and
then treated with desloratadine for 4 weeks (AR 8-week
group). In addition, the mRNA level of GlutR1 in olfac-
tory bulbs of rats sensitized and challenged with OVA for 8
weeks and then treated with desloratadine for 4 weeks (AR
8-week group) was significantly lower than that of rats in
AR 12-week group. Consistently, we obtained similar profile
of GlutR1 protein expression (Fig. 6b, c). Taken together,
our data demonstrated that desloratadine decreased GlutR1
expression in olfactory bulbs of AR rats.

Discussion

AR, characterized by rhinorrhea, nasal itching, nasal con-
gestion, sneezing and itching, has become increasingly
prevalent over the world. Olfactory dysfunction is a key
symptom in patients with AR. However, few researches
have tested olfactory function in AR and the efficacy of AR
treatment in restoring the sense of smell. In current study,
we evaluated the effects of desloratadine, an antihistamine
commonly used to treat AR, on AR as well as olfactory dys-
function in OVA-induced allergic rhinitis rat. The underly-
ing mechanisms were further explored. We demonstrated
that desloratadine significantly alleviated the AR symptoms,
decreased the serum level of OVA-specific IgE and IL-17,
and decreased the protein level of IL-4, IL-5 and IL-13 in
nasal mucosa. More important, desloratadine alleviated
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Fig.6 a The mRNA levels of Glut R1 in olfactory bulbs from mice
of different groups were detected via real-time PCR. The levels of
GluR1 were normalized to Control mice. Western blotting (b) and
densitometric analysis (¢) of GluR1 in olfactory bulbs from mice of
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different groups. p-Actin was used as a loading control. The signal
intensities were quantified using software ImagelJ (version 1.47). Data
are shown as means +SD, n=3 independent replicates from a single
experiment. **p <0.01, ***p <0.001



Archivum Immunologiae et Therapiae Experimentalis (2020) 68:6

Page70f8 6

olfactory dysfunction in AR rats as desloratadine-treated
rats had less latency in buried pellet tests. We further dem-
onstrated that desloratadine decreased the GlutR1 expres-
sion, suggesting the correlation of GlutR1 expression and
olfactory dysfunction.

HI antihistamines and INCSs are the major pharmacolog-
ical agents used in AR treatment (Licari et al. 2014). There
are more than 45 H1 antihistamines available worldwide.
Antihistamines function to block receptors and downregulate
allergic inflammation by interfering with histamine action
at H1-receptors on sensory neurons and small blood ves-
sels. Hl-antihistamines also decrease antigen presentation,
expression of proinflammatory cytokines and cell adhesion
molecules and chemotaxis. Desloratadine is a tricyclic H1
antagonist and widely used to treat allergic rhinitis (Bach-
ert 2009; Bachert and van Cauwenberge 2007; DuBuske
2005). In current study, we confirmed the protective effects
of desloratadine on AR. The frequencies of sneezing and
nasal rubbing were significantly decreased after deslorata-
dine treatment in AR rats.

AR is partially mediated by the innate immune system,
and inflammatory cytokines play important role in innate
immune (Gao et al. 2017; Huang et al. 2018; Zhang et al.
2019). Importantly, AR is an IgE-mediated inflammatory
disease. In AR, cross-linking of IgE molecules upon aller-
gen contact induces degranulation of mast cells and baso-
phils, and results in the release of typical mediators and
finally causes the well-known symptoms (Verbruggen et al.
2009). In current study, we demonstrated that deslorata-
dine treatment significantly decreased the serum level of
OVA-specific IgE, which could contribute to the protective
effects of desloratadine. Targeting IgE has been proved to
be an effective approach to treat allergic diseases including
AR (Corsico et al. 2017; Galli and Tsai 2012; Verbruggen
et al. 2009). Omalizumab (rhuMAb-E25) is a recombinant
humanized IgG1 monoclonal antibody which specifically
binds to the high affinity FcR1 domain of free circulating
IgE and prevents binding of free serum IgE to mast cells
and other effector cells. Studies have described the efficacy
of omalizumab to treat AR (Masieri et al. 2016; Tsabouri
et al. 2014).

IL-17 is produced by Th17 cells and known to induce acti-
vation of allergen-specific Th2 cell, accumulation of eosino-
phil and neutrophil, and production of serum IgE in AR.
Neutralization of IL-17 markedly reduced AR symptoms,
decreased eosinophil and neutrophil infiltration and increased
Treg response (Gu et al. 2017). IL-4 and IL-5 are Th2-type
cytokines and are believed to be important in nasal inflamma-
tion through the recruitment of eosinophils. Similar to IL-4,
IL-13 induced IgE switching and upregulation of vascular cell
adhesion molecule-1 (Ghaffar et al. 1997). Elevated expres-
sions of IL-4, IL-5 and IL-13 have been detected to be asso-
ciated with AR. In current study, we also detected increased

expressions of all three cytokines while desloratadine treat-
ment inhibited the expressions of these cytokines.

Hyposmia is a common condition associated with allergic
rhinitis. It is likely due to both a mechanical component (i.e.,
blockage of the nasal airways through mucosal congestion)
and an inflammatory component (Guss et al. 2009; Klimek and
Eggers 1997). In current study, we found impaired olfactory
function in AR rats while desloratadine treatment ameliorated
the olfactory dysfunction in AR rats. The mechanism of action
of desloratadine in the treatment for olfactory dysfunction is
not fully understood yet. The AMPA receptors are composed
of four types of subunits, designated as GluA1l (GluR1),
GluA2 (GluR2), GluA3 (GluR3), and GluA4 (GluR4). Most
AMPARSs are heterotetrameric, consisting of symmetric
“dimer of dimmers” of GluA2 and either GluA1, GluA3 or
GluA4 (Greger et al. 2007). Interestingly, our study identified
the increased GluA1 expression in AR rats while desloratadine
treatment significantly decreased the GluAl level in AR rats.
This correlation suggested the potential role of GluA expres-
sion in olfactory function. However, the underlying mecha-
nisms need to be further explored. The regulation of GluA
expression in AR is never described before. It is worthy of
detecting expression of other three subunits in AR rats and
in drug-treated AR rats. In addition, besides AMPARs, the
N-methyl-p-aspartate (NMDA) receptors and kainate recep-
tors mediate the glutamate transmission in excitatory synaptic
circuits. The regulatory role of NMDA receptor and kainite
receptors on olfaction has been described (Blakemore et al.
2018; Lee et al. 2016; Lethbridge et al. 2012). Therefore, it is
worthy to evaluate their role in AR too. Desloratadine treat-
ment alleviated AR symptoms and ameliorated olfactory dys-
function. The expression of AMPA receptor subunit GIuR1 in
olfactory bulb was associated with olfactory disorder.
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