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22Glucocorticoids (GCs) are well known for their anti-inflammatory effects, which are elicited through a transcrip-
23tional mechanism via a cytosolic glucocorticoid receptor (cGR)-mediated genomic effect. However, recent in
24vitro studies report that GCs can act as amembrane glucocorticoid receptor (mGR) Q3. This study aimed to examine
25whethermometasone furoate (MF) influences the nasal symptoms induced by histamine, substance P, ATP. Fur-
26thermore, the influences of various compounds on MF action were studied in vivo. The mice were intranasally
27administered with nasal symptom-inciting agents, and the occurrences of sneezing and nasal rubbing were
28counted. MF repressed the nasal symptoms caused when it was administered 10, 30 and 60 min before the in-
29duction of nasal symptoms. The repressive effect observed 10 min after the administration of MF was inhibited
30by RU486, a GR antagonist, but not by actinomycin D, a transcriptional inhibitor. In contrast, the repressive effect
31observed 60 min after the administration of MF was inhibited by RU486 and actinomycin D. Therefore, the ef-
32fects observed 10 and 60 min after the MF administration were classified as non-genomic and genomic effects,
33respectively. The non-genomic effect suppressed the nasal symptoms induced by m-3M3FBS, a phospholipase
34C (PLC) activator, and was inhibited by U-73122, a PLC inhibitor. The genomic effect was inhibited by
35N-(p-amylcinnamoyl) anthranilic acid, a phospholipase A2 (PLA2) inhibitor. These results indicate that MF has
36a non-genomic effect through repression of the activation of PLC via the mGR, and MF has also a genomic effect
37that was influenced by the inhibition of PLA2 through transcriptional regulation via cGR.
38© 2013 Published by Elsevier B.V.
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43 1. Introduction

44 Allergic rhinitis is one of the most common immune-mediated dis-
45 eases, and its main symptoms are sneezing, pruritus, rhinorrhea and
46 nasal obstruction. The pathogenesis of the allergic reaction initially in-
47 volves the interaction of allergens with a specific immunoglobulin
48 (IgE) antibody bound to the surface of mast cells and basophils on the
49 nasal mucosa. As a result, many symptoms associated with allergic rhi-
50 nitis are caused by the release of mediators, including histamine, sub-
51 stance P, leukotrienes and cytokines frommast cells and eosinophils [1].
52 In clinical practice, glucocorticoids (GCs) are used to treat allergic
53 rhinitis [2,3]. GCs are part of the normal feedback mechanism in the
54 immune system that reduces inflammation. Therefore, they are used
55 in medicine to treat diseases that are caused by an overactive immune
56 system, such as allergies, asthma, autoimmune diseases, and sepsis
57 [4]. GCs are a class of steroid hormone that binds to the cytosolic glu-
58 cocorticoid receptor (cGR), which is a member of the nuclear receptor

59superfamily and is present in almost every vertebrate animal cell [5,6].
60The activated GR complex in turn upregulates the expression of anti-
61inflammatory proteins in the nucleus and represses the expression
62of pro-inflammatory proteins [7–9]. Because of these genomic action
63mechanisms, a few hours are required after the administration of the
64GCs for their effects to become apparent [10,11]. In clinical practice,
65however, the inhibitory effect of topical administration of GCs on
66nasal symptoms appears in a fewminutes after administration. For ex-
67ample, Tillmann et al. [12] reported that nasal itching was markedly
68reduced 10 min after the administration of dexamethasone. It has
69thus become increasingly apparent that GRs are also present on the
70cell membranes (membrane GR [mGR]) and that GCs can exert non-
71genomic effects via the mGR [13–15].
72Genomic effects involve the regulation of the transcription of spe-
73cific target genes, ultimately resulting in the production of proteins
74that positively or negatively modulate cell function [9,16,17]. In con-
75trast to genomic effects, which tend to be slow in onset and delayed
76in recovery, non-genomic effects occur within minutes, are reversible
77immediately after the removal of the GCs, and are insensitive to sub-
78stances that block RNA transcription [18,19]. Therefore, we propose
79that GCs have some effects in addition to those mediated by tran-
80scriptional regulation. Non-genomic effects of GCs have been demon-
81strated in vitro, but are uncertain in vivo. The present study was
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82 therefore undertaken to clarify the genomic and non-genomic effects
83 of GCs on nasal symptoms using a mouse allergic rhinitis model.

84 2. Materials and methods

85 2.1. Animals

86 Five week-old female ICR mice were obtained from Japan SLC, Inc.
87 (Shizuoka, Japan). The animals were housed in an air-conditioned
88 room with controlled temperature (24 ± 2 °C) and humidity (55 ±
89 15%). Food and water were given ad libitum. Ten animals were used
90 for the investigation of the nasal symptoms. All the procedures involv-
91 ing the animals were conducted in accordance with the guidelines for
92 animal experiments at Okayama University Advanced Science Research
93 Center, and all the procedures were licensed by the Animal Research
94 Control Committee of Okayama University.

95 2.2. Materials

96 The following reagents were obtained from the sources shown in the
97 parentheses: histamine dihydrochloride (Sigma, St. Louis,MO, USA) and
98 substance P (Peptide Institute, Inc., Osaka, Japan). These reagents were
99 dissolved in saline. Adenosine 5′-triphosphate disodium salt hydrate
100 (ATP, Sigma) was dissolved in phosphate-buffered saline (PBS). RU486
101 (Cayman Chemicals, Ann Arbor, MI, USA) and U-73122 (Tocris, Bristol,
102 UK) were suspended in 10% dimethyl sulfoxide (DMSO)-saline. Actino-
103 mycin D (Wako Pure Chemicals, Osaka, Japan) was suspended in 10%
104 ethanol-saline. m-3M3FBS (Sigma) was suspended in 10% DMSO 10%
105 Tween80-saline. N-(p-amylcinnamoyl) anthranilic acid (ACA, Sigma)
106 was suspended in 20% DMSO-PBS. A mometasone furoate (MF, MSD,
107 Tokyo, Japan) nasal spray (500 μg/mL) was used as the model GCs.
108 The mice were given a nasal instillation of the all drugs in volume of
109 2 μL into the bilateral cavities using a micropipette.

1102.3. Evaluation of the nasal symptoms in mice

111Before the experiment, the animals were placed in an observation
112cage (31 × 25 × 18 cm) for approximately 10 min for acclimatiza-
113tion. After the nasal instillation of 2 μL of the drugs into the bilateral
114cavities using a micropipette, the animals were placed back into the
115observation cage (1 animal per cage), and the frequencies of sneezing
116and nasal rubbing in 15 min were counted.

1172.4. Statistical analysis

118All the values are expressed as themean ± SEM. The statistical eval-
119uation of the results was performed by one-way ANOVA, followed by
120the Dunnett's test or, when only two means were to be compared, the
121unpaired Student's t-test. A probability value of less than 0.05 was con-
122sidered statistically significant.

1233. Results

1243.1. Effects of MF on the nasal symptoms induced by histamine in mice

125Fig. 1A shows the incidence of sneezing and nasal rubbing over the
12615 min period after the intranasal administration of histamine. Hista-
127mine at a dose of 5 μmol/site significantly elicited nasal symptoms
128compared with the saline treatment. MF at a dose of 1 μg/site was ad-
129ministered 5, 10, 30, 60 or 120 min before the induction of nasal symp-
130toms by histamine (5 μmol/site). As shown in Fig. 1B, MF inhibited the
131sneezing and the nasal rubbing induced by histamine. Significant effects
132of MF were observed when it was administered 10, 30 and 60 min
133before the induction of nasal symptoms by histamine compared with
134the saline treatment.
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Fig. 1. (A) Sneezing and nasal rubbing induced by an intranasally administration of histamine in mice. The mice were given an intranasal administration of saline or histamine (0.5 and
5 μg/site) and the sneezing and nasal rubbingwere counted for 15 min. Each column and vertical bar represents themean ± SEM (n = 10). **: Significantly different from saline-treated
group at p b 0.01. (B) Effects of MF on sneezing and nasal rubbing induced by histamine. The mice were given an intranasal administration of saline or MF (1 μg/site) 5, 10, 30, 60 or
120 min before the induction of nasal symptoms. Each value represents the mean ± SEM (n = 10). *, **: Significantly different from saline-treated group at p b 0.05 and p b 0.01,
respectively.
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