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A B S T R A C T

Ethnopharmacological relevance: Dryopteris crassirhizoma (DC) is used as a traditional herbal remedy to treat
various diseases, the tapeworm infection, common cold, and cancer in Korea, Japan, and China. DC also has the
antioxidant anti-inflammatory and antibacterial activities. However, the anti-allergic inflammatory effect of DC
and some of its mechanisms in allergic rhinitis model are unknown well.
Aim of this study: The purpose of this study is to investigate the anti-allergic inflammatory effect of DC on the
allergic rhinitis model, mast cell activation and histamine release.
Materials and methods: Allergic rhinitis was induced in BALB/c mice by sensitization and challenge with oval-
bumin (OVA). Different concentration of DC and dexamethasone was administrated by oral gavage on 1 h before
the OVA challenge. Mice of the control group were treated with saline only. Then mice were evaluated for the
presence of nasal mucosa inflammation, the production of allergen-specific cytokine response and the histology
of nasal mucosa.
Results: DC significantly ameliorated the nasal symptoms and the inflammation of nasal mucosa. DC also re-
duced the infiltration of eosinophils and mast cells in these tissues and the release of histamine in blood.
Meanwhile, DC evidently inhibited the overproduction of Th2 cytokines and increased the Th1 and Treg cyto-
kines in nasal lavage fluid by OVA. DC also reduced the levels of OVA-specific IgE, IgG1 and IgG2a in blood.
Conclusions: This study suggests that DC has a significant anti-allergic inflammatory effect in the nasal cavity. DC
may have the therapeutic effect of allergic rhinitis.

1. Introduction

Allergic rhinitis (AR) is a common inflammatory disease of the nasal
mucosa that is characterized by developing several nasal symptoms
including sneezing, nasal itching, rhinorrhea, and nasal congestion. AR
is one of the multiple risk factors for the development of asthma both

for adults and children (Guerra et al., 2002; Wright et al., 1994). The
prevalence of AR is increasing worldwide. Epidemiologic data show
that AR affects up to 50% of the world's population (Strachan et al.,
1997).

AR belongs to one of the chronic inflammatory airway diseases
characterized by intense eosinophil infiltration, mucus hypersecretion,
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and airway remodeling, which is orchestrated mainly by antigen-spe-
cific T helper type 2 (Th2) cells and their cytokines including IL-4, IL-5,
and IL-10 (Liu et al., 2010). AR is caused by allergic mediators such as
inflammatory cytokines and histamine from mast cells (Howarth et al.,
2005). At the beginning of the AR reaction, mast cells combine with
immunoglobulin (Ig) E receptors on the mast cell surface, which can
trigger the release of inflammatory cytokines and histamine (Church
and Levi-Schaffer, 1997). AR has long been considered to result from
the up-regulation of Th2 cells and a relative lack of Th1 cells (Malmhall
et al., 2007). In recent years, the discovery of regulatory T (Treg) cells
introduced complexity into the existing Th1/Th2 balance paradigm and
expanded our understanding of the pathogenesis of AR (Wang et al.,
2014). Treg cells represent a unique subpopulation of CD4+T cells,
which can inhibit T cell proliferation and an autoimmune response
(Wing et al., 2006). In adults, it has been shown that AR has a major
impact on asthma morbidity and that treatment of AR help improves
asthma control (Brozek et al., 2010). Even though there are available
multiple treatments for disease as medical treatment, immunotherapy
or surgery, the rates of side effects and recurrence are high after stop-
ping medication (Jeon et al., 2007). Herbal medicines are generally
recognized to be safe because they are often perceived as “natural”
(Markman, 2002). Hence, many studies aiming to find an appropriate
treatment for AR has focused on traditional medicines, which have
fewer side effects and are more stable than the currently used drugs
(Jung et al., 2013).

Dryopteris crassirhizoma Nakai (DC), a species in the genus Dryopteris
(family Dryopteridaceae), is used as a traditional herbal remedy for
various diseases and widely distributed in Asia, especially, to treat ta-
peworm infestation, common cold, and cancer in Korea, Japan and

China (Chang et al., 2010). And it was formerly used as an anti-hel-
minthic herbal remedy against Diphyllobothrium latum (Shinozaki
et al., 2008) and an anti-infection agent to treat the flu (Yang et al.,
2013), and treatment for respiratory tract infections, uterine bleeding,
mumps and feverish illnesses (Ha et al., 2013). Previous studies have
shown that the rhizome of DC has antioxidant, anticancer, anti-in-
flammatory and antibacterial activities (Ha et al., 2013). These activ-
ities are mediated by active components such as phloroglucinol deri-
vatives (albaspidin, aspidin, flavaspidic acids, and dryocrassin),
triterpenes such as acylphloroglucinols, and dimethylflavanones such as
desmethoxymatteucinol, matteucinol, and methoxymatteucin (Chang
et al., 2006; Lee et al., 2009, 2008; Liang et al., 2010). Further assays
for genetic toxicity demonstrated that DC was devoid of its genotoxic
effect under the experimental conditions (Hwang et al., 2013). How-
ever, thus far, the pharmacological effect of DC on allergic disorders
and its mechanisms are unknown well. To the best of our knowledge,
the current studies have investigated the effect of DC on the ovalbumin
(OVA)-induced AR model and further clarified its mechanism of DC on
anti-allergic inflammatory response involved.

2. Materials and methods

2.1. Preparations of Dryopteris crassirhizoma

The DC (KFRI-SL-2021) was deposited at Herbarium, Korea Food
Research Institute and provided from the division of nutrition and
metabolism research. The DC used in this study was purchased from the
Kyeong-Dong Oriental Pharmacy Market (Seoul, Korea). The underwent
reflux extraction twice in 95% ethanol. The ethanol extract was dried

Fig. 1. Experimental protocol for AR mouse model and effect of DC on the nasal symptoms and the nasal inflammation in OVA-induced AR mouse model. (A) Time
schedule of the OVA-induced AR mouse model and treatment with DC. (B) The frequencies of total sneezing and rubbing numbers during 5 days were evaluated by
counting that occurred in the 20min after the OVA challenge without anesthesia and total cell numbers in NALF. (C) Cytospin cell preparations were made by NALF
onto clean glass slides and stained with Diff-Quik (Red arrows indicate the eosinophils). Scale bar= 100 µm. (###P < 0.001 significantly different from the value of
control group (DC:Dryopteris crassirhizoma, P.O:per oral, I.N:intranasal). ***P < 0.001 significantly different from the value of OVA group).
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under a vacuum in a rotary evaporator. The concentrated extract was
finally lyophilized, yielding a dried powder that was kept at 4°C until
needed. The dried ethanol extract was dissolved in saline prior to use.

2.2. Animals

Specific pathogen-free male 5-week-old BALB/c mice, weighing
approximately 20 g, were purchased from Damool Science (Dae-jeon,
Korea). They were housed 5 per cage in a laminar air-flow cabinet
maintained at 23 ± 2 °C at a relative humidity of 55 ± 10% with a
12 h dark/light cycle throughout the study. All animal experiments
were performed in compliance with NIH guideline for the care and use
of laboratory animals and were approved by the Animal Research
Committee of Chonbuk National University.

2.3. Murine AR model and treatment

The DC ethanol extract was dissolved in saline at three dose levels
(100, 200, 400mg/kg body weight) and administered by a single oral
gavage. The schedule for allergen sensitization and the intranasal
challenge is summarized in Fig. 1A.

Briefly, the mice were divided randomly into six groups (n=5 per
group), namely control group, OVA group, 100mg/kg of DC (DC-100),
200mg/kg of DC (DC-200), 400mg/kg of DC (DC-400) and 2.5 mg/kg
of Dexamethasone (Dex) group. Sensitization was performed on days 1,
8 and 15 by intraperitoneal injection of 50 µg of OVA (Grade V, Sigma,
St. Louis, MO, USA) emulsified in 1mg of alum (Imject Alum; Pierce,
Rockford, IL, USA) in a total volume of 200 µl. On days 22–26, mice
were challenged by intranasal instillation of OVA (10mg/ml solution,
20 µl/nostril). From days 16–26, mice were received DC (100, 200,
400mg/kg body weight) and Dex (2.5 mg/kg) dissolved in saline in a
total volume of 200 µl by orally 1 h before every OVA challenge a day
for 11 consecutive days. Mice of the control group were treated with
saline only (NaCl 0.9%; B. Braun Medical BV, Oss, The Netherlands)
without sensitization and challenge. Mice were sacrificed 24 h after the
last challenge for further analysis.

2.4. Evaluation of nasal symptoms

After the last OVA challenge, mice were placed into observation
cages and nasal symptoms were evaluated by counting the frequencies
of nasal rubbing and sneezing that occurred in the 20-min observation
period to evaluate early allergic responses.

2.5. Analysis of nasal lavage fluid (NALF) and blood sample collection

24 h after the last OVA challenge, blood was collected from the
orbital venous plexus of anesthetized mice 24 h after the last challenge.
The samples were centrifuged (1000×g, 10min, 4 °C) to isolate the
serum and stored at − 80 °C until analysis. After sacrifice, the NALF
was obtained immediately after the blood collection. The nasal cavity
was gently perfused with 1ml of saline from the choana to the nostril
and the NALF was centrifuged and the supernatants of NALF were
stored at −80 °C. The cell pellets were resuspended in 1ml of saline.
The total NALF cells were counted double-blindly using a hemocyt-
ometer. Total cell numbers were conducted using trypan blue staining
and standard with light microscopy. Cytospin cell preparations were
made by NALF onto clean glass slides for 10min (150 µl, 4 °C), and
staining with Diff-Quik (1–5–1 Wakinohama-Kaigandori, Chuo-Ku,
Kobe Japan).

2.6. Histopathological examination of nasal tissues

After performing the NALF, the heads of mice were removed and
then fixed in 10% paraformaldehyde 3 days, followed by decalcification
in an ethylenediamine triacetic acid decalcifying solution for 5 days,

and the specimens were embedded in paraffin wax. Nasal tissues were
coronally sectioned into 5 µm slices, and stained with hematoxylin and
eosin for general morphology, periodic acid-Schiff for goblet cell hy-
perplasia and sirus red staining for eosinophil and giemsa staining for
epithelial mast cell infiltrations. Subsequently, the number of differ-
ential inflammatory cells were counted and the epithelial damage was
evaluated in randomly selected high-power fields at 400× magnifica-
tion.

2.7. Histamine assay

The level of histamine was measured from serum according to the
manufacturer's specifications using the histamine assay kit (R&D
Systems Inc, USA) following the manufacturer's instruction.

2.8. In vitro study with compound 48/80-induced mast cell activation

Rats were anesthetized and intraperitoneally injected with 50ml of
saline and gentle kneading of the abdominal region for 90 s. After
gentle massaging, the cavity was carefully opened and the fluid was
aspirated by Pasteur pipette. Next, peritoneal lavage was collected and
centrifuged (1000×g, 10min, at 4 °C). The supernatant was discarded
and the cells were collected and resuspended in 7ml HEPES. Rat
peritoneal mast cells (RPMCs) were preincubated with different con-
centrations (10, 20, 40mg/ml) of DC at 37 °C for 10min, and then
incubated with compound 48/80 (final concentration, 5 μg/ml) at 37 °C
for 15min. After incubation, the RPMCs were placed between slides
and cover slip and observed under a high-power microscope. Then the
RPMCs degranulation rate was counted under the high-power fields at
400× magnification.

2.9. Ultra performance liquid chromatography-quadrupole-time of flight
(UPLC-Q-TOF) mass spectrometry (MS)

To identify chemical constituents of DC, chemical constituents from
70% ethanolic extract of DC were analyzed by an ultra performance
liquid chromatography-quadrupole-time of flight (UPLC-Q-TOF) MS
(Waters Corp., Milford, MA, USA). The extract was injected into an
Acquity UPLC BEH C18 column (2.1×100mm, 1.7 µm; Waters Corp.)
at a column temperature of 40 °C. Mobile phase consisted of water with
0.1% formic acid (FA) and acetonitrile with 0.1% FA at a flow rate of
0.35ml/min for 9min. The eluents were ionized by electrospray ioni-
zation (ESI) with positive or negative mode and analyzed using a Q-TOF
MS. The scan range of TOF MS data was from 50 to 1500m/z with a
scan time of 0.2 s. The capillary voltage was set at 3 or 2.5 kV for po-
sitive mode and negative mode, respectively, while the sample cone
voltage was 40 V. The desolvation flow rate was 900 l/h at a tem-
perature of 400 °C and source temperature set to 100 °C. Leucine-en-
kephalin ([M+H]=m/z 556.2771) was used as a reference for lock
mass at a frequency of 10 s. The MS/MS spectra were obtained using
collision energy ramps from 20 to 45 eV. Metabolites were identified by
Unifi software with various LC/MS databases

2.10. Statistical analysis

Each experiment was repeated three times with 5 animals per
group. Data are expressed as mean± SEMs. Statistical comparisons
were performed using one-way ANOVA, followed by the Fisher test.
Statistical significance was defined as P < 0.05.

3. Results

3.1. Effects of DC on nasal symptoms in a murine AR model

To determine the effect of DC on nasal symptoms, the frequencies of
nasal rubbing and sneezing behaviors were evaluated for 20min after
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the OVA challenge. As shown in Fig. 1B, intranasal OVA challenge to
the OVA-sensitized mice induced the rubbing and sneezing responses.
However, DC and Dex groups were significantly decreased the nasal
rubbing and sneezing frequencies compared to those in the OVA group
(Fig. 1B). These findings suggested that DC treatment efficiently im-
proved OVA-induced allergic nasal symptoms.

3.2. Effects of DC on the infiltration of inflammatory cells in NALF

To examine the effect of DC on inflammation in the nasal cavity of
AR murine model, total cell numbers in NALF were counted. OVA group
showed significantly increased total cell numbers in NALF than the
control group, and most of these cells were epithelial cells and a few
eosinophils were shown. (Fig. 1B-C). However, the DC group markedly
decreased and this suppressive of the effect exerted similar to Dex group
(Fig. 1B-C).

3.3. Effects of DC on histopathological changes in nasal mucosa tissues

To explore whether DC administration was able to prevent the in-
flammatory cells infiltration in nasal mucosal tissues, we next examined
the histological changes of the OVA-induced AR model including mu-
cosal thickness, eosinophil and mast cell infiltration and goblet cell
hyperplasia from mice of each group. As shown in Fig. 2A-B, the OVA
group caused remarkably histological alterations such as epithelial
disruption and edema, infiltration of mast cells. Also, the mucosal
thickness of nasal septum was significantly higher in OVA-induced AR
mice than control mice (Fig. 2A). Fig. 2C-D showed that the OVA group
induced significantly increased the eosinophil infiltration and goblet
cell hyperplasia. As expected DC oral administration notably mitigated
these histopathological changes, such as DC treatment improved less
epithelial disruption, and inhibited the infiltration of eosinophils, mast
cells and the hyperplasia of goblet cells and these effects were more
obvious in a high dose of DC group. These results suggested that DC has
anti-inflammatory effects by attenuating the inflammatory cells in-
filtration in nasal tissues.

3.4. Effects of DC on levels of Th1, Th2 and Treg cytokines in NALF

Further, we determined the effect of DC on Th1/Th2/Treg allergic
responses in OVA-induced AR model, the levels of secreted cytokines in
NALF were measured. First, we examined the secretion of the in-
flammatory cytokines (Th2-related cytokines) IL-4 and IL-5 using
ELISA. OVA group showed increased in the levels of IL-4 and IL-5 in
NALF, respectively. However, DC treatment significantly decreased the
cytokine levels, respectively (Fig. 3A). In addition, the anti-in-
flammatory cytokines (Th1-related cytokines) such as IFN-γ and IL-12
levels were assayed. Secretion of IFN-γ induced by OVA was sig-
nificantly increased by DC and Dex treatment (Fig. 3B). While the
production of Treg cytokines IL-10 and TGF-β1 were measured. The
levels of IL-10 and TGF-β1 were significantly decreased in the OVA
group (Fig. 3C). In contrast, DC treatment was markedly diminished
(Fig. 3C). These results were consistent the reduced infiltration of in-
flammatory cells in NALF of the DC treatment mice via modulating the
Th1/Th2/Treg cytokines.

3.5. Effect of DC on serum levels of OVA-specific immunoglobulins

In order to examine whether the DC affected the OVA-specific im-
munoglobulins production in the AR model, the serum levels of OVA-
specific IgE, IgG1 and IgG2a were measured. They were significantly
higher in the OVA group compare to the control group. However, DC
and Dex groups were markedly inhibited the levels of OVA-specific IgE,
IgG1 and IgG2a (Fig. 3, D-F). These results indicated that DC might
have anti-allergic activity via suppression of allergic mediator produc-
tions.

3.6. Effect of DC on compound 48/80-induced RPMCs degranulation

In this study, we used RPMCs to evaluate the anti-allergic in-
flammatory effect of DC in vitro, RPMCs were treated with compound
48/80 and morphological changes of RPMCs were observed. As shown
in Fig. 4A, RPMCs stimulated with compound 48/80 clearly showed
extensive degranulation processes and multiple granules extruding
from the RPMCs. However, in RPMCs treated with DC at doses of 10, 20
and 40mg/ml for 15min prior to stimulation with compound 48/80,
these degranulations were suppressed and their morphology was si-
milar to those of saline-treated RPMCs (Fig. 4A). Compound 48/80
group induced highly RPMCs degranulation rate, however, DC stimu-
lated mast cell showed significantly prevented the RPMCs degranula-
tion rate (Fig. 4B).

3.7. Effects of DC on level of histamine in serum

To explore whether DC inhibited histamine release from mast cell,
OVA-induced histamine level in serum were measured. As shown in
Fig. 4C, the OVA group showed that histamine release significantly
increased as compared to the control group. However, DC and Dex
groups significantly decreased the OVA-induced histamine levels in
serum (Fig. 4C). Therefore, these results suggest that the inhibition of
histamine release is associated with the anti-allergic effect of DC.

3.8. Active components of DC

To investigate the main components of ethanol extract of DC, the DC
was analyzed by UPLC-Q-TOF MS. The results showed main four peaks
in negative mode (Fig. 5A) and eight peaks in positive mode (Fig. 5B),
which were identified as follows; caffeic acid 3-glucoside, chlorogenic
acid, isoquercetin, pinellic acid, procyanidin B, quercetagetin dehy-
drate, asterric acid, isoquercetin, skimming/protexin, pravastatin, 4-
methylumbelliferyl-hexoside, and Gabexate/5-((6,7,8-trimethox-
yquinazolin-4-yl) amino) pentan-1-ol.

4. Discussion

In the present study, the effect of DC on OVA-induced AR mouse
model was investigated. These data demonstrated that DC has a sig-
nificant anti-allergic inflammatory effect in nasal airways resulting
from the down-regulated the inflammatory cells, the adjusted Th1/
Th2/Treg cytokines balance, the inhibited mast cell degranulation and
histamine release, and the decreased the serum concentration of OVA-
specific IgE, IgG1 and IgG2a levels. In addition, DC significantly in-
hibited AR symptoms such as sneezing and nasal rubbing.

As well known, airway inflammation present in asthma and rhinitis
mouse model is characterized by the infiltration of inflammatory cells
such as eosinophils, neutrophils, and lymphocytes. The allergic re-
sponse in the nasal mucosa challenged with OVA in this study includes
a late phase response characterized by the recruitment of eosinophils,
basophils, and T cells secreting Th2 cytokines (Broide, 2010). OVA
sensitization and challenge in mouse model led to increasing the levels
of histamine and antigen-specific IgE in serum and the infiltration of
inflammatory cells in epithelium and sub-epithelium of the nasal mu-
cosa (Bahekar et al., 2008). In the present study, DC treatment sig-
nificantly reduced the number of eosinophils, neutrophils, and lym-
phocytes in NALF. It also inhibited the infiltration of eosinophils, mast
cells, goblet cells, and epithelial cells extensive into nasal mucosa.
These results suggested that DC may have anti-inflammatory activities
in OVA-induced allergic rhinitis.

OVA is an antigen that has been widely used as a sensitizer in stu-
dies of AR (Kool et al., 2008). Aluminum hydroxide can induce a Th2
immune response in mice without significant toxicity (Bahekar et al.,
2008). Based on the previous models reported and our experience, we
prepared OVA with aluminum hydroxide and the dose was adjusted
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Fig. 2. Effect of DC on the infiltration of inflammatory cells in AR nasal mucosa tissues. (A) Structure of nasal septum and epithelium thickness of mucosa. H-E
staining. (B, C) Infiltration of eosinophils and mast cells. Sirus Red and Giemsa staining. (D) Goblet cells hyperplasia. PAS staining. The epithelium thickness and
inflammatory cells were counted. (#P < 0.05, ##P < 0.01, significantly different from the value of the control group. *P < 0.05, **P < 0.01, significantly different
from the value of OVA group). Scale bar= 50 µm.
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according to repeated sensitization and challenge principles to sensitize
and challenge mice to the allergen in order to induce AR. This allows
adequate time for the development of OVA-specific IgE in these ani-
mals. In this study, the AR model was developed in mice by using the
method and timeline that were modified from previously successful
allergy model development (Mo et al., 2011; Sookrung et al., 2008).

In the immune system, Th1 and Th2 cells influence the production
of IgE. Th2 cells secrete IL‑4 and IL‑5, the characteristic factors leading
to enhanced IgE production, eosinophilia and atopic disease (Fallon
et al., 2002). In contrast, Th1 cells secrete IL‑12 and IFN‑γ, which are
responsible for the suppression of IgE synthesis as well as the inception
of IgE‑mediated allergies (Chung, 2001). Reduced serum levels of
OVA‑specific IgE may be associated with enhanced production of Th1
cytokines, decreased synthesis of Th2 cytokines, or both in some in-
stances, as both Th1 and Th2 cytokines were down-regulated (Borchers
et al., 2009). The present study demonstrated that IL‑4 and IL-5 se-
cretions were significantly lower in the DC and Dex groups than in the
OVA group, supporting a reduced Th2 response, meanwhile, DC group
up-regulated in Th1 representative factors IFN‑γ and IL-12. This sug-
gests DC instates Th1/Th2 equilibrium mainly through the inhibition of
the Th2 response with promoting a Th1 response. Treg cells could po-
tently suppress IgE production and directly or indirectly suppress the
activity of effector cells, including eosinophils, basophils, and mast cells
of allergic inflammation (Ozdemir et al., 2009). Tregs are the mediators
of immunological tolerance and possess anti‑inflammatory capabilities
(Sakaguchi et al., 2008). Tregs play a central role in the regulation of
autoimmune, infectious, and allergic diseases by cell-to-cell contact-
dependent inhibition and by the secretion of anti-inflammatory

cytokines such as IL-10 and TGF-β (Taylor et al., 2005). IL-10 and TGF-
β decrease IgE production and inhibit the production of Th2 cytokines
such as IL-4 and IL-5 (Larche et al., 2006). In the present study, the
production of IL-10 and TGF-β1 were significantly reduced in the OVA
group compared with the control group, whereas the levels of IL-10 and
TGF-β1 were markedly increased in the DC group. Results from this
study, we speculated that inhibition of nasal tissue inflammation by DC
administration may be associated with the induced activity of Tregs and
Th1 response and inhibited Th2 response. In particular, to investigate
the any impact of the DC treatment in the process of OVA sensitization
and Th2 polarization, we did experiments with DC-treated and DC-non-
treated mice splenocytes and challenged with OVA. Splenocytes iso-
lated from the mice were cultured with OVA for 72 h and then the
supernatant used to measure Th2-mediated main cytokine IL-4. As a
result, OVA group (OVA sensitization) increased IL-4 secretion and Dex
group decreased IL-4 production in splenocytes. However, DC group
was not changed IL-4 secretion compared with OVA group (Not shown
data). Therefore, this result indicated that DC did not affect the phase of
sensitization and immunization by OVA. So, we thought that the DC,
could inhibit Th2-related immune response, affected after the sensiti-
zation of OVA.

In recent years, Th2 cells have been known as the dominant mod-
ulators in regulated downstream cell differentiation and proliferation
including B cells class switch to secreting IgE, IgG1, and eosinophils
(Hsieh et al., 2010). After the establishment of the systemic IgE-medi-
ated response, continuous exposure to the same allergen at a specific
site may lead to the development of Th2-dominant local allergic reac-
tions, such as skin or nasal symptoms (Shimizu et al., 2000; Tsunematsu

Fig. 3. Effect of DC on the levels of Th1/Th2/Treg cytokines in NALF and OVA-specific immunoglobulins in serum. (A-C) The levels of IL-4, IL-5, IL-10, IL-12, IFN-γ,
and TGF-β1 were determined in NALF. (D-F) The measurement of OVA-specific IgE, IgG1 and IgG2a in serum. (#P < 0.05, ###P < 0.001, significantly different
from the value of control group. *P < 0.05, **P < 0.01, ***P < 0.001, significantly different from the value of OVA group).
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et al., 2007). We showed that repeated topical intranasal OVA appli-
cation caused typical AR symptoms, whereas DC strongly reduced nasal
symptoms, serum levels of histamine and OVA-specific im-
munoglobulins. Our result suggested that DC may have an anti-allergic
effect by preventing the production of allergic mediators including
immunoglobulins and histamine.

Glucocorticoids are used as mainstay therapy for allergic disease;
however, treatment is not always effective, and there are side effects
(Adcock et al., 2008; Ulrich et al., 2008). Thus, the development of
more targeted anti-inflammatory therapies may be beneficial for the
treatment of AR. Although modes of delivery of our interventions are
not directly comparable and Dex is currently the most relevant ap-
proach to therapy, our study provides proof-of-principle data that DC
has the potential to suppress allergic inflammation. Here we demon-
strate that DC was as effective as glucocorticoid therapy. In the present
study, mice treated with DC or Dex displayed a significant reduction in
the severity of the inflammatory lesions induced by OVA challenge. Dex
has previously been shown to inhibit inflammation in OVA exposure
models of allergic asthma (Ulrich et al., 2008). Here we confirm the
anti-inflammatory actions of Dex after acute exposure to OVA. Dex
suppressed eosinophil recruitment, mucus hypersecretion, mast cell
infiltration, and Th2/Treg and immunoglobulin productions in NALF or
blood after OVA exposure. The anti-inflammatory effect of DC was si-
milar to Dex. However, its effect on cytokines production was not as
dose-dependent manner. Dex treatment completely suppressed, this
partial reduction in cytokines and immunoglobulin productions by DC
treatment was clearly therapeutically beneficial.

Among effective cells, mast cells are one of the most important cells
in allergic responses, such as AR (Ito et al., 2012). Mast cells are re-
sponsible for a variety of allergic disorders including allergic rhinitis,
dermatitis, asthma, and food allergies, as well as catastrophic anaphy-
lactic reactions (Hollander et al., 2003). Among the inflammatory
mediators released from mast cells, histamine is one of the most potent
vasoactive mediators implicated in the acute phase of immediate hy-
persensitivity (Cook et al., 2002).

Mast cells are major immune cells involved in allergic diseases with

versatile physiological functions and are important for allergic re-
sponses to the stimuli-induced release of histamine (Bischoff, 2007;
Mekori and Metcalfe, 2000; Prussin and Metcalfe, 2003). Compound
48/80 induces signal transduction pathways, leading to exocytosis and
of mast cells causing histamine release (Kim et al., 2005). Although
several traditional herbal medicines have been shown to have in-
hibitory effects on allergic inflammation, there is little information
about the effect of DC on RPMCs. Therefore, in this study, the effect of
DC on RPMCs degranulation in vitro, RPMCs were treated with com-
pound 48/80 and morphological changes of RPMCs were observed. DC
treatment evidently inhibited the RPMCs degranulation stimulated with
compound 48/80. These results clearly indicated that allergic reactions
were suppressed by DC according to the decreased histamine level from
mast cells.

Natural products contribute new strategy to novel drug develop-
ment efforts, therefore, played a significant role in drug discovery and
development for the treatment of some inflammatory diseases
(Camateros et al., 2007). DC was safe after single oral administration to
both male and female Sprague-Dawley rats up to 2000mg/kg (Hwang
et al., 2013). Therefore, 400mg/kg as the maximal dose of oral DC was
selected. Actually, no deaths or significant adverse events were noted in
the DC treated groups. Isoquercitrin which is one of the components of
DC suppressed the PMACI-mediated activation of NF-κB in the human
basophil cells and present the potential therapeutic use of isoquercitrin
for the treatment of inflammatory and allergic reactions (Li et al.,
2016). Procyanidins are widely found in plants and have anti-in-
flammatory activities. Procyanidin B2 inhibits production of proin-
flammatory cytokines in macrophages (Tanaka et al., 2017). Chloro-
genic acid protects against hydrogen peroxide induced oxidative stress
in MC3T3-E1 cells through the Nrf2-signaling pathway (Tanaka et al.,
2017). Isoquercetin ameliorates via anti‑oxidative, anti‑inflammatory,
and anti‑apoptotic effects in cerebral impairment (Ma et al., 2018).
Isoquercetin, a novel extracts of plants and fruits could protect neuronal
cells from neurotoxicity and neuro-inflammation (Lu et al., 2016).
Based on these reports, the DC is believed to have an anti-allergic in-
flammatory effect because it contains the active components such as

Fig. 4. Effect of DC on the compound
48/80 (C48/80)-induced mast cell de-
granulation and histamine release in
serum. (A) Morphologies of compound
48/80-stimulated RPMCS pretreated
with DC. (B) Mast cell degranulation
rate. (C) Histamine release from serum.
(##P < 0.01, significantly different
from the value of the control group.
**P < 0.01, ***P < 0.001, sig-
nificantly different from the value of
OVA group).
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isoquercitrin and procyanidin B.

5. Conclusion

In summary, the results of this study demonstrated that DC exerts
anti-allergic inflammatory effects, particularly on nasal tissues in a
mouse model of rhinitis and that its mechanisms mainly include the
induction of Treg and Th1 cytokines and inhibition of Th2 cytokines
and histamine release. Meanwhile, these results provide underlying
mechanistic evidence for the clinical use of DC to treat the allergic
rhinitis.
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