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ARTICLE INFO ABSTRACT

Allergic rhinitis (AR) is an allergic nasal disease characterized by nasal obstruction, rhinorrhea, sneezing, and
itching. Type 1 helper T cells (Th1)/type 2 helper T cells (Th2) imbalance has been identified as an important
immunological mechanism of AR. In addition, up-regulation of type 17 helper T cells (Th17) also increase the
risk of developing AR. Gallic acid (3, 4, 5-trihydroxybenzoic acid, GA), a polyphenol natural product, is obtained
from various herbs, red wine, and green tea. It is known to have diverse biological effects such as anti-oxidation,
anti-inflammation, anti-microbial and anti-cancer. In the present study, the effect of GA on airway inflammation
and expression of Thl, Th2 and Th17 cytokines in an ovalbumin (OVA)-induced AR mouse model were in-
vestigated. GA alleviated the nasal allergic symptoms, reduced the thickness of nasal mucosa, attenuated goblet
cell hyperplasia and eosinophil cell infiltration in the nasal mucosa, decreased the levels of interleukin (IL)-4, IL-
5, IL-13 and IL-17 in nasal lavage fluid (NALF), and diminished the levels of OVA-specific IgE, OVA-specific IgG1
and OVA-specific IgG2a in serum. However, GA increased the expression of interferon-gamma and IL-12 in
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NALF. Taken together, it suggests that GA may be used as a therapeutic agent for AR.

1. Introduction

Allergic rhinitis (AR) is an allergic inflammation of the nasal air-
ways and is characterized by nasal congestion, rhinorrhea, sneezing,
and nasal itching. It is frequently associated with other inflammatory
diseases such as asthma, rhinosinusitis, allergic conjunctivitis, otitis
media with effusion and adenoid hypertrophy [1]. Patients with AR
present an inflammatory IgE-mediated response characterized by al-
lergen type 2 helper T cells (Th2) immunological pattern with mast
cells and eosinophil activation and release of inflammatory mediators
in response to exposure to allergens [2-4]. Allergens are any sub-
stances, most often eaten or inhaled, that can be found in a variety of
sources, like dust, pollen and pet dander [5].

Thl and Th2 are two of many distinct subsets of helper T cells, as
defined by various functions and cytokine characterizations [6]. An

imbalance of Th1/Th2 is thought to contribute to the pathogenesis of
allergic diseases, especially AR [7]. AR is an IgE-mediated in-
flammatory disease of the nasal mucous membranes due to the inter-
action of allergen characterized by a Th2-immunologic pattern with
mast cells and an inflammatory infiltrate made up of eosinophils, which
release several mediator, chemokines and cytokines [8]. Th2 cells may
play some important roles in the development of AR, and the sup-
pression of Th2 could have the potential to be new therapeutic targets
for the treatment of AR [9]. There are various therapeutic options for
AR, including antihistamines, corticosteroids, anticholinergic agents,
leukotriene inhibitors and immunotherapy. The most utilized is in-
tranasal corticosteroids [10]. However, most current drug treatments
have limited clinical applications due to the adverse side effects of long-
term use. Consequently, it is necessary to develop a safe and affordable
alternative therapeutic agents for allergic disorders.

Abbreviations: GA, Gallic acid; AR, allergic rhinitis; Dex, dexamethasone; OVA, ovalbumin; NALF, nasal lavage fluid; H&E, hematoxylin and eosin; PAS, Periodic
acid-Schiff; 1.P., intraperitoneal; P.O., per oral; IFN-y, interferon gamma; Ig, immunoglobulin; IL, interleukin; Th1, T helper type 1; Th2, T helper type 2; ROR-yt,
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Gallic acid (3, 4, 5-trihydroxybenzoic acid, GA), a polyphenol nat-
ural product, is obtained from various herbs, red wine and green tea
[11]. The structure of GA was shown by Fig. 1A. It has been reported
that GA possesses a wide range of biological activities, including anti-
oxidant, anti-inflammatory, anti-microbial and anti-cancer activities
[12]. Notably, GA has been determined to be a strong inhibitor against
histamine release and pro-inflammatory cytokines production in mast
cells [12]. However, the anti-allergic rhinitis effect of GA has not been
investigated. So the aim of this study is to investigate the anti-allergic
effect of GA on ovalbumin (OVA)-induced AR mouse model.

2. Materials and methods
2.1. Materials

OVA (grade VI), GA (3, 4, 5-trihydroxybenzoic acid) and dex-
amethasone (Dex) were purchased from Sigma-Aldrich (St. Louis, MO,
USA). Imject Alum was purchased from Pierce (Rockford, IL, USA).

2.2. Mice

Five weeks old male BALB/c mice were purchased from Damool
Science (Daejeon, Korea). These animals were housed in an air-condi-
tioned room with a 12 hour light/dark cycle and had unrestricted access
to OVA-free food and water. All animal experiments were performed in
accordance with the Guidelines on Animal Care and Use and were ap-
proved by the Institutional Animal Care and Use Committee of Chonbuk
National University Laboratory Animal Center (CBN 2016-37).

2.3. AR mouse model establishment and treatment

BALB/c mice were randomly divided into 6 groups, every group
contains 6 mice: group 1: Naive group; group 2: OVA + saline group;
group 3: OVA + GA 20 mg/kg group; group 4: OVA + GA 40 mg/kg
group; group 5: OVA + GA 80mg/kg group;, group 6:
OVA + dexamethasone (Dex) 2.5 mg/kg group.

To develop an AR murine model, as shown briefly in Fig. 1B [13],
mice in OVA, GA and Dex groups were intraperitoneally injected with
50 ug OVA and 1mg alum on days 1, 8 and 15 to induce systemic
sensitization. On days 22 to 28, the mice in the OVA group, GA groups
and Dex group were received an intranasal challenged with 20 ul of
10 mg/ml OVA solution in each nasal cavity. From days 16 to 28, mice
of GA group and Dex group were received 200 pl GA (20, 40, 80 mg/kg)
or Dex (2.5 mg/kg) by oral gavage. Mice of the OVA group were sham
received the same volume of saline. Mice of the naive group were
without sensitization, treatment, and challenge. Mice were sacrificed
24 h after the last OVA challenge on day 29.

2.4. Measurement of nasal symptoms
Nasal symptoms were evaluated by counting the frequencies of

nasal rubbing and sneezing [14]. After OVA intranasal challenge on
days, 22 to 28, the numbers of sneezing and nasal rubbing behaviors

Experimental protocol for murine allergic rhinitis
(AR) model and treatment with GA (B). Mice were
sensitized on days 1, 8 and 15, and challenged on
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days 22 to 28 by ovalbumin (OVA). Mice in the OVA
group was sensitized and challenged by OVA. Mice in
GA or dexamethasone (Dex) treatment groups were
sensitized and challenged by OVA and administered
once a day by oral gavage (200 pl) at 200 mg/kg GA
or 2.5 mg/kg Dex from day 16 to day 28 for 13 days.
The mice in the naive group were without sensitiza-
tion, challenge, and treatment. The mice were sacri-
ficed on day 29.

were recorded during a 15 minute period and then counted by blinded
observers.

2.5. Collection of serum, nasal lavage fluid (NALF) and cell count

Twenty four hours after the last challenge, the mice were anesthe-
tized with diethyl ether and then sacrificed. Blood samples were harvest
by an orbital puncture and centrifuged to obtain serum. NALF was
collected via an 18-gauge catheter. The trachea was partially resected, a
catheter was inserted from the trachea into the nasopharynx, and the
nasal passages were gently perfused with 1 ml saline. The NALF were
centrifuged at 10,000 RPM/min for 10 min at 4 °C. The supernatants
were kept at —70°C until for enzyme-linked immunosorbent assay
(ELISA) analysis.

To determine the differential cell counts, 150 pl NALF was cen-
trifuged onto the sliders using a cytospin device (Centrifuge 5403,
Eppendorf, Hamburg, Germany) at 1000 RPM/min for 10 min, 4°C.
Then the sliders were stained with Diff-Quik staining reagent (1-5-1
Wakinohama-Kaigandori, Chou-Ku, Kobe, Japan) for cell staining ac-
cording to the manufacturer's instruction.

2.6. Histopathologic observation

Heads of mice were excised and fixed in 10% formalin for 3 days at
room temperature. After the fixation, the heads were decalcified in
histological decalcifying agent containing hydrochloric acid and EDTA
(National Diagnostics, Atlanta, GA) for 6 days and then embedded in
paraffin. Samples were cut into 4 um-thickness sections and the sections
were stained with hematoxylin-eosin (H&E) for overall inflammation,
Periodic acid-Schiff (PAS) for goblet cells and mucus, and Giemsa for
eosinophils infiltration.

The histopathologic observation of lung was performed according to
routine procedures. The middle lobe of the lung was removed and fixed
in 10% formalin. The specimen was dehydrated with ethyl alcohol and
xylene. Tissues were embedded in paraffin and cut into 5 pm-thickness
sections. The sections were stained with H&E to identify general mor-
phology.

2.7. Measurement of cytokine and immunoglobulin levels in NALF or serum

The levels of Thl cytokines interferon-gamma (IFN-y, R&D System:s,
Catalog No. MIF00), interleukin (IL)-12 (R&D Systems, Catalog No.
M1270); Th2 cytokines IL-4 (R&D Systems, Catalog No. M40000B), IL-5
(R&D Systems, Catalog No. M5000) and IL-13 (CUSABIO, Catalog No.
CSB-E04602m); Th17 cytokines IL-17 (R&D Systems, Catalog No.
M1700), Thl7-transcription factor retinoic acid receptor-related or-
phan nuclear receptor gamma t (ROR-yt, Fine Test, Catalog No.
ER8104) in NALF were measured using the cytokine assay kits ac-
cording to the manufacturer's instruction. The levels of OVA-specific
IgE (BioLegend, Catalog No. 439807), OVA-specific IgG; (Cayman,
Catalog No. 500830) and OVA-specific IgG2a (Chondrex, Catalog No.
3015) in serum were quantified using ELISA kits followed the manu-
facturer's instruction.
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Fig. 2. The nasal symptoms in the murine allergic rhinitis (AR) model. (A) Rubbing and (B) Sneezing scores. The values represent the mean
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2.8. Statistical analysis

The results were performed using Graph Pad Prism software (v 5.0,
La Jolla, CA, USA). Data were expressed as means = SEM. The dif-
ferences among the groups were analyzed by one-way ANOVA, fol-
lowed by Tukey's test. Statistical significance was considered at
P < 0.05.

3. Results
3.1. Effect of GA on nasal symptoms in OVA-induced AR mice

To investigate the anti-allergic effect of GA, we used OVA to induce
the AR mouse model and counted the frequencies of sneezing and nose
rubbing for 15 min after the last OVA intranasal challenge. Mice in the
OVA-induced AR group were significantly increased the number of nose
rubbing and sneezing after intranasal OVA challenge compared to those
in the naive group. The incidence of sneezing and rubbing were reduced
by the treatment of GA compared with OVA group. Similarly, the Dex
group also showed an inhibition effect on nasal symptoms (Fig. 2A, B).
The results indicate that GA treatment can alleviate AR symptoms.

3.2. Effect of GA on the infiltration of differential inflammation cells in
NALF

To determine the effect of GA on nasal inflammation in the AR
mouse model, the number of total cells and differential cells in NALF
were counted. The number of total and inflammatory cells including the
eosinophils, neutrophils, and macrophage were significantly increased
in OVA-induced AR mice compared that in naive mice, but after the
treatment with GA or Dex, the number of total and inflammatory cells
were significantly reduced (Fig. 3A).

The NALF cytospin preparations showed that inflammatory cells,
especially eosinophils showed by the red arrows were obviously in-
creased in OVA group compared with that in the naive group, but after
the treatment with GA or Dex, the infiltrated inflammatory cells were
significantly decreased (Fig. 3B). These results indicate that GA has an
effect on alleviating the infiltration of inflammatory cells in the NALF of
AR mice.

3.3. Effect of GA on histopathological change in lung tissue

To evaluate the anti-inflammatory effect of GA in the OVA-induced
AR mice, the H&E stain for lung tissue was performed. There were the
histopathological changes, such as a marked mucus production in
bronchial lumen, goblet cell hyperplasia in bronchial epithelium, and
the infiltration of inflammatory cells in perivascular and bronchial
areas, in the lung tissue sections for the OVA-induced AR mice com-
pared with that in the naive group (Fig. 4). However, the lung tissues of
groups treated with GA or Dex, the histopathological changes were
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significantly alleviated. These results show that GA has an effect on
ameliorating the inflammation in the lung tissues of AR mice.

3.4. Effect of GA on the nasal thickness, goblet cell hyperplasia and
eosinophil infiltration in the nasal mucosa

The samples of the head were collected after the mice were sacri-
ficed, the sectioned sliders were stained with H&E to show the general
structure. The thickness of nasal mucosa was conspicuously increased in
the OVA group compared with the naive group. In the mice treated with
GA or Dex groups, the thickness of nasal mucosa was significantly de-
creased (Fig. 5A).

The goblet cell hyperplasia was measured by PAS stain. The number
of goblet cell indicated by black arrows was remarkably increased in
the OVA group compared with that in the naive group, but after the
treatment of GA or Dex, the number of goblet cell in the nasal mucosa
was significantly decreased (Fig. 5B).

To investigate the infiltration of eosinophil in the nasal mucosa, the
Giemsa stain was used. Fig. 5C showed that the number of eosinophil in
nasal mucosa showed by the red arrows was obviously increased in the
OVA group compared with the naive group, it was significantly reduced
after treated with GA or Dex. These results suggest that GA has the
protective effect on the nasal mucosa, and the effects on alleviating the
infiltration of inflammatory cells, such as eosinophil and mast cell, in
the nasal mucosa of AR mice.

3.5. Effect of GA on the production of OVA-specific antibodies in serum

After the mice were sacrificed, the blood samples were collected and
centrifuged to get the serum. The levels of OVA-specific IgE, OVA-
specific IgG; and OVA-specific IgG2a were measured by ELISA kit. Mice
in the OVA group showed the acceleration of the OVA-specific IgE level
compared with that in the naive group. Treated with GA or Dex reduced
the levels of OVA-specific IgE in serum (Fig. 6A).

The level of OVA-specific IgG; was increased in the OVA group
compared with that in the naive group but decreased in the GA or Dex-
treated groups (Fig. 6B). The level of OVA-specific IgG2a was sig-
nificantly reduced in the OVA group, but the expression was recovered
after treated with GA and Dex (Fig. 6C). These results showed that GA
suppressed allergic responses by modulating the levels of im-
munoglobulin in serum.

3.6. Effect of GA on the production of Thl, Th2 and Th17 cytokines in
NALF

The NALF was collected after the mice were sacrificed, and the
production of Th1 cytokines (IFN-y and IL-12) was measured by ELISA
kit. The levels of IFN-y in the OVA-induced AR mice were obviously
reduced compared with the naive group, the groups treated with GA or
Dex were recovered the expression of IFN-y (Fig. 7A). And the level of
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Fig. 3. The number of differentials and total cells (A) and the photograph of cytospin cells (B) in nasal lavage fluid (NALF). Cytospin cell preparations were made by
NALF onto clean glass slides and cells were stained with Diff-Quik. Red arrows indicated eosinophils. The values represent the mean *+ SEM (n = 6/group).
Significant differences at “P < 0.05, *#P < 0.01, **#P < 0.001, compared with the Naive group; *P < 0.05, **P < 0.01, ***P < 0.001 compared with the
ovalbumin (OVA) group. Bars = 50 um. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

IL-12 was remarkably suppressed in the OVA group compared with that
in the naive group. In contrast, with the treatment of GA or Dex, the
levels of IL-12 were significantly increased (Fig. 7B). These results in-
dicated that GA can relieve the inflammation in the AR mice by up-
regulating the levels of Thl cytokines.

To investigate the effects of GA on the secretion of Th2 and Th17
cytokines in NALF, the levels of IL-4, IL-5, IL-13, IL-17, and Th17-
transcription factor ROR-yt were measured by ELISA kits. In the OVA-
induced mice, the levels of Th2-related cytokines IL-4, IL-5 and IL-13
also Th17-related cytokines IL-17 and ROR-yt transcription factor levels
were increased compared with the naive group.

However, with the treatment of GA or Dex, the levels of IL-4, IL-13,
IL-17, and ROR-yt were conspicuously decreased; even there was no
significance, the level of IL-5 was also suppressed compared with those
in the OVA group (Fig. 7C-G). Results suggest that GA has an effect on
the inhibition of the nasal inflammation in the AR mice by down-

OVA

regulating the levels of Th2 and Th17 cytokines (Fig. 8).

4. Discussion

AR is one of the most common allergic diseases and is an allergic
inflammation of the nasal airways. This inflammation can cause a
variety of annoying symptoms, including sneezing, itching, nasal con-
gestion, rhinorrhea (anterior and posterior) and post-nasal drip [5]. AR
is a respiratory disease of the upper airways characterized by the high
concentrations of serum allergen-specific IgE, the infiltration of in-
flammatory cells in the nasal mucosa, and the release of several in-
flammatory cytokines [15]. Previous studies have suggested that the
pathogenesis of allergic diseases is mainly associated with the im-
balance of Th1/Th2 cells [16]. So, it is very important to find the ef-
fective treatment of AR to improve the quality of life.

Allergic diseases are traditionally referred to as immediate or type 1

Dex

Fig. 4. Histopathological changes in the lung tissues. The sections were stained with H&E to show the inflammation in the lung tissues, and it was significantly

alleviated by the treatment of gallic acid (GA). Bars = 100 pm.
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Fig. 5. The thickness of nasal mucosa (A), goblet cell hyperplasia (B) and eosinophil infiltration (C) in the nasal mucosa. (A) The thickness of the nasal mucosa.
Hematoxylin and eosin (H&E) staining. (B) The number of goblet cells (black arrows), Periodic acid-Schiff (PAS) staining. (C) The number of eosinophils (red arrows),
Giemsa staining. The thickness of nasal mucosa in ovalbumin (OVA) group was significantly thicker than that of the naive group; the epithelial swelling was
ameliorated by gallic acid (GA) and dexamethasone (Dex) treatment. The number of goblet cells and eosinophils in the nasal mucosa of the OVA group was
significantly increased compared to the naive group and markedly decreased by GA and Dex treatment. Significant differences at “*#P < 0.001, compared with the
Naive group; **P < 0.01, ***P < 0.001, compared with the OVA group. Bars = 50 um. (For interpretation of the references to color in this figure legend, the reader
is referred to the web version of this article.)

hypersensitivity reactions, with IgE as a critical factor [17]. IgE is in- rhinitis challenged intranasally with an allergen includes a late-phase
volved in allergic inflammation, especially in early-phase response, but response characterized by recruitment of eosinophils, basophils and T
it may also be involved in the late-phase allergic response [18]. The cells expressing Th2 cytokines including IL-4 [19]. Recruitment of in-
inflammatory response in the nasal mucosa of subjects with allergic flammatory cells like eosinophils, mast cells, basophils, and T cells,
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mean * SEM (n = 6/group). Significant differences at *#*#P < 0.001, compared with the Naive group; *P < 0.05, “P < 0.01, ***P < 0.001 compared with the
OVA group.
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results in the further release of histamine and leukotrienes, as well as in
the release of other compounds, such as pro-inflammatory cytokines,
which sustain the allergic response and promote the late phase response
[20,21].

In this study, we investigated the anti-allergic effect of GA on an
OVA-induced AR mouse model by inhibiting the clinical symptoms, IgE
production, and inflammatory cytokines production. The symptoms of
AR are by eosinophilic dependent inflammation and Th2 excessive ac-
tivation [22]. Evidence has shown that the Th2 cytokines which include

4x

_— 5IL4, IL5, IL-13l,
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Fig. 8. The diagram of the anti-allergic effect of Gallic
acid (GA) in the ovalbumin (OVA)-induced murine al-
lergic rhinitis (AR) mouse model. In this research, OVA
can induce AR by inhibited Thl cells and activated Th2
and Th17 cells. However, GA can activate Thl cells and
increase the secretion of IFN-y and IL-12; GA also can
inhibit Th2, Th17 cells and suppress the production of IL-
4, IL-5, IL-13, IL-17, and ROR-yt. Taken together, GA may
alleviate the inflammation in the AR mouse model.

Allergic Rhinitis

—_

£
=
~ e
~ e

IL-4, IL-5 and IL-13 down-regulated by T cells were elevated in AR
patients [23]. Among Th2-related cytokines, IL-4, IL-5, and IL-13 have
been reported to regulate the growth and differentiation of eosinophils
[24]. IL-13 induces inflammation, mucus hypersecretion, subepithelial
fibrosis and eotaxin production [25]. Furthermore, recent studies re-
ported that IL-4 and IL-13 disrupted the junctional structure and epi-
thelial barrier function of nasal epithelial cells via diverse mechanisms
[26]. It was reported that these interleukins could inhibit the functions
of Thl immune response [27]. IFN-y is the principal Thl effector
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cytokine which affects Th1/Th2 differentiation and triggers the pro-
duction of macrophages and also inhibits Th2 cell proliferation [28]. In
this study, the levels of Th2 cytokines (IL-4, IL-5, and IL-13) were sig-
nificantly decreased after the treatment of GA. In contrast, Th1 related
cytokines IFN-y and IL-12 were increased in the presence of GA group
compared to OVA group, which provide another evidence of the ability
of GA on shifting Th2 to Thl immune response to allergens [29]. The
eosinophilic inflammation controlled by Th2 and Thl cytokines is also
reduced by GA treatment, in this study.

Recently, reported that IL-17A expression is associated with eosi-
nophilic inflammation [30]. IL-4 and IL-5 regulate the growth and
differentiation of eosinophils [24]. IL-17 producing Th2 cells resulted in
profound goblet hyperplasia as well as elevated mucin production [31].
In terms of the Th17 response, ROR-vyt is a key transcription factor for
the differentiation and effector function of the pro-inflammatory Th17
cells [32]. Overexpressing ROR-yt induces IL-17 production [33]. Re-
cently, Th17 cells have been associated with Th2-predominant allergic
diseases [34]. This study showed that ROR-yt and IL-17 levels in NALF
were increased in the AR mice. However, the expression of ROR-yt and
IL-17 were down-regulated in NALF with GA treatment.

Since immunoglobulins may play major roles in mediating allergy
and inflammatory reactions, we investigated the expressions of several
main immunoglobulin antibodies (IgE, IgG;, and IgG2a) that have been
implicated in B-cell immune responses controlled by cytokines from
helper T cells [29]. In this study, the expression of IgG2a was increased
in the GA and Dex-treated groups, suggested that GA may up-regulate
Th1l immune response. The levels of OVA-specific IgE and OVA-specific
IgG; were significantly increased in the OVA group compared with
those in the naive group. However, the treatment of GA had a statis-
tically significant tendency to reduce the secretions of OVA-specific IgE
and OVA-specific IgG;, suggesting GA may down-regulate Th2 immune
responses.

In the responses of AR, the infiltrations of various inflammatory
cells occurred, resulting in the induction of airway and nasal in-
flammation. In this study, we investigated the histopathological
changes, the thickness of nasal mucosa, the number of goblet cells and
the infiltration of eosinophils in the nasal mucosa were increased in the
OVA group, but after the treatment of GA, the swelling of epithelium in
nasal mucosa as well as in lung tissues was ameliorated. Furthermore,
the overexpression of mucus-secreting goblet cells in the respiratory
epithelium and the number of eosinophils were significantly inhibited
by GA.

Wang's study showed GA is able to improve pro-inflammatory cell
infiltration and airway hyperresponsiveness in OVA-induced mouse
model of asthma. And, the effects of GA may be associated with in-
activated group 2 innate lymphoid cells and suppressed the release of
IL-5 and IL-13 via down-regulation of the MyD88/NF-kB signaling
pathway [35]. Although here were used the same mice background and
an OVA-induced mouse model, our study used the AR model and con-
centrated upon the effects of GA on the activation of Th1 cytokine and
the inhibition of Th2 and Th17 cytokines, as well as the histopatholo-
gical changes of the nasal cavity.

However, further studies are needed to confirm the effect of GA on
the development of AR, correlate with the natural pathway of the de-
velopment of AR in human. In our research, IL-17 is associated with the
AR process. Although IL-17 is expressed most abundantly by Th17 cells,
this cytokine is also can be produced by other immune cells, including
macrophages, B cells, NKT cells, innate lymphoid cells, and CD8* T
cells [36]. To determine whether these cells play roles in the develop-
ment of AR, further work is needed.

Collectively, this study demonstrated that oral gavage administra-
tion of GA significantly attenuated airway inflammation in OVA-in-
duced AR model. GA alleviated the nasal allergic symptoms; reduced
the thickness of nasal mucosa, attenuated goblet cell hyperplasia and
eosinophil cell infiltration in the nasal mucosa; decreased IL-4, IL-5, IL-
13, IL-17 and ROR-vyt levels in NALF; diminished the levels of OVA-
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specific IgE and OVA-specific IgG; in serum; but increased IFN-y and IL-
12 expression in NALF. Taken together, these results suggest that GA
may be used as a therapeutic agent for allergic rhinitis.
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