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Degranulation inhibitors in plants are widely used for prevention and treatment of immediate-type allergy.
We previously isolated a new ellagic acid glucoside, okicamelliaside (OCS), from Camellia japonica leaves
for use as a potent degranulation inhibitor. Crude extracts from leaves also suppressed allergic conjunctivitis
in rats. In this study, we evaluated the in vivo effect of OCS using a pure sample and performed in vitro exper-
iments to elucidate the mechanism underlying the extraordinary high potency of OCS and its aglycon. The
ICs0 values for degranulation of rat basophilic leukemia cells (RBL-2H3) were 14 nM for OCS and 3 uM for
aglycon, indicating that the two compounds were approximately 2 to 3 orders of magnitude more potent
than the anti-allergic drugs ketotifen fumarate, DSCG, and tranilast (0.17, 3, and >0.3 mM, respectively).
Antigen-induced calcium ion (Ca®™") elevation was significantly inhibited by OCS and aglycon at all concen-
trations tested (p<0.05). Upstream of the Ca®* elevation in the principle signaling pathway, phosphorylation
of Syk (Tyr525/526) and PLCy-1 (Tyr783 and Ser1248) were inhibited by OCS and aglycon. In DNA
microarray-screening test, OCS inhibited expression of proinflammatory cytokines [interleukin (IL)-4 and
IL-13], cytokine-producing signaling factors, and prostaglandin-endoperoxidase 2, indicating that OCS broad-
ly inhibits allergic inflammation. During passive cutaneous anaphylaxis in mice, OCS significantly inhibited
vascular hyperpermeability by two administration routes: a single intraperitoneal injection at 10 mg/kg
and per os at 5 mg/kg for 7 days (p<0.05). These results suggest the potential for OCS to alleviate symptoms
of immediate-type allergy.
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1. Introduction

Allergy is a hypersensitivity disorder of the immune system.
According to Coombs and Gell, allergic reactions can be classified
into four types [1]. Type I allergy, also called immediate-type allergy,
is characterised by inappropriate immunoglobulin E (IgE) production
by plasma cells and excessive activation of mast cells by IgE. Increases
in allergic diseases become social problems in developed countries,
including Japan, where about 30% of the population reportedly suffers
from allergies. Thus, it is highly desirable to identify appropriate mea-
sures to mitigate allergies. Although there have been enormous im-
provements in the medical practices for allergy treatment, difficulty
still lies in the regulation of IgE production. Therefore, suppressive
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treatment for mast cell activation is mainly used in therapy. The
mast cell-activating mechanism has been recently clarified in detail
[2]. Specifically, signal transduction is triggered by the cross-linking
of high-affinity receptors for IgE (FceRI) following IgE and antigen
binding. The beginning stage of the signaling factor phosphorylation
cascade is composed of two main pathways: the principle pathway
(Lyn-Syk-LAT-PLCy-1), including Src-family kinases, and comple-
mentary pathways (Fyn-GAB2-PI3K). After the phosphorylation cas-
cade, calcium ion (Ca?™) mobilization, known as the second messenger
system, occurs. Finally, conformational changes in the cytoskeleton in-
duce ‘degranulation’, which is a release of chemical mediators such as
histamine, serotonin, and leukotriene, followed by allergic reactions.
These signaling events at the molecular level, including phosphoryla-
tion and calcium mobilization, have been analysed by Western blotting
[3,4] and fluorescence imaging [5-8], respectively. Several drugs and
natural products have been analyzed and demonstrated to inhibit de-
granulation via suppression of signaling pathways, suggesting that they
could be valuable compounds for allergy therapy [3-8].
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Recently, we isolated an ellagic acid glucoside named okicamelliaside
(OCS) from Camellia japonica leaves, guided by anti-degranulation assays
in a rat basophilic leukemia cell line (RBL-2H3) [9]. For comparison, the
aglycon, 3,4-dioxoloellagic acid, was also prepared by hydrolyzing OCS
(3,4-dioxoloellagic acid 4’-0-B-p-glucopyranoside) with B-glucosidase
(Fig. 1). OCS and aglycon prominently exhibited anti-degranulation ac-
tivities that were 12,000~ and 50-fold higher, respectively, than that of
the antihistaminic drug ketotifen fumarate [9]. A crude extract of C. ja-
ponica leaves containing OCS also suppressed allergic conjunctivitis in
rats by oral administration [10]. The revelation of these potent activities
encouraged us to continue efforts to accumulate pure material in high
enough quantities for further in vivo and in vitro experiments.

In this study, the anti-allergic activities of OCS were evaluated for
the prospect of various uses by in vivo experiments. OCS was found to
suppress immediate-type allergy in mice. In the in vitro experiments,
we aimed to shed light on the mechanisms underlying degranulation-
inhibitory activity, focusing especially on signaling pathways. OCS
and aglycon were found to inhibit degranulation through suppression
of signal transduction.

2. Materials and methods
2.1. Materials

OCS was purified from C. japonica leaves as previously described [9].
In brief, dried leaves of C. japonica were extracted with hot water (80°C)
for 30 min. The extract was treated twice in a Diaion HP-20 resin col-
umn (100x 300 mm, Mitsubishi Chemical Industries, Tokyo, Japan)
with methanol (MeOH):H;0:acetic acid (AcOH) (4:6:0.02 and
8:2:0.02, 30 L each). The residue from the second fraction was chroma-
tographed in a Wakogel 50C;g column (80x240 mm, Wako Pure
Chemical Industries, Osaka, Japan) with MeOH:H,0:AcOH (4:6:0.05,
36L) and then in a Toyopearl HWA40F gel filtration column
(30% 180 mm, Toso, Tokyo, Japan) with MeOH:H,0:AcOH (8:2:0.05).
The fractions containing OCS were evaporated and suspended in etha-
nol. After centrifugation, OCS was collected as a pellet. Further HPLC pu-
rification was first carried out in a Cosmosil 5C;g-ARIl column
(20x 250 mm) with MeOH:H,0:AcOH (7:3:0.05) and second in the
same column by linear gradient elution of 35-80% acetonitrile in
0.05% AcOH. The elution of OCS was monitored by UV absorption at
255nm. OCS was finally purified to greater than 95% by liquid
chromatography-mass spectrometry analysis. OCS aglycon was synthe-
sized from ellagic acid with 95% purity and gifted from Dr. Eiji Asato
(University of the Ryukyus, Okinawa, Japan) [11]. Anti-dinitrophenyl
(DNP)-IgE, anti-rabbit IgG (goat) conjugated with peroxidase, p-
nitrophenyl-N-acetyl-3-D-glucosaminide, and Evans blue were pur-
chased from Sigma-Aldrich (St. Louis, MO, USA). DNP-bovine serum al-
bumin (BSA) was obtained from Cosmo Bio (Tokyo, Japan). Anti-actin
polyclonal antibody, anti-PLCy-1 polyclonal antibody, and anti-Syk
polyclonal antibody were obtained from Santa Cruz Biotechnology
(Santa Cruz, CA, USA). Anti-phospho-PLCy-1 (Tyr783 and Ser1248)
polyclonal antibody, anti-Lyn polyclonal antibody, anti-phospho-Lyn
(Tyr507) polyclonal antibody, and anti-phospho-Syk (Tyr525/526)
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monoclonal antibody were from Cell Signaling Technology (Beverly,
MA, USA). Fluo 3-AM and Cell Counting Kit-8 were from Dojindo Labo-
ratories (Kumamoto, Japan).

2.2. Cell culture and cytotoxicity assay

The RBL-2H3 cell line is of basophilic tumor origin, but is similar to
mast cells with respect to FceRI-mediated signal transduction and
chemical mediators [12,13], making it a suitable alternative for use
in in vitro analyses. RBL-2H3 cells were purchased from the Health
Science Research Resources Bank (Osaka, Japan) and grown in Eagle's
minimum essential medium (MEM; Life Technologies, Carlsbad, CA,
USA) supplemented with 10% fetal bovine serum (FBS, Biological In-
dustries, Kibbutz Beit Haemek, Israel), 2 mM L-glutamine, 100 units/
ml penicillin (Sigma-Aldrich), 100 ug/ml streptomycin (Sigma-Al-
drich), and non-essential amino acids for Eagle's MEM (Dainippon
Sumitomo Pharma, Osaka, Japan) in a humidified atmosphere of 5%
CO, at 37°C.

RBL-2H3 cells (5x10% cells/0.1 ml/well) were cultured in a 96-
well plate overnight and incubated with OCS and OCS aglycon for
1 h. The cells were further incubated with 10 pl of a Cell Counting
Kit-8 solution containing water-soluble tetrazolium salt for 3 h. The
absorbance at 450 nm was then measured to calculate cell viability
according to the kit instructions.

2.3. 3-Hexosaminidase release assay

A B-hexosaminidase release assay was used to evaluate antigen-
induced degranulation [14,15]. B-hexosaminidase is stored in gran-
ules and released in parallel with histamine after antigen stimulation
of mast cells [16]. RBL-2H3 cells (5x 10* cells/0.1 ml/well) in a 96-
well plate were cultured with anti-DNP IgE (0.2 pg/ml) overnight.
The supernatants were discarded, and cells were washed twice with
200 pl of phosphate buffered physiological saline (PBS) and 130 pl of
releasing mixture (25 mM HEPES-KOH, pH 7.6; 116.9 mM NadCl,
5.4 mM KCl, 0.8 mM MgSO,, 2 mM CaCl,, 5.6 mM glucose, 0.1% BSA)
was added. Cells were incubated with 10 ul of sample solution for
10 min at 37°C and stimulated with 10 pl of DNP-BSA (2 pg/ml) for
1h at 37°C. To determine the released B-hexosaminidase activity,
45 pl of supernatant and 15 pl of 5 mM p-nitrophenyl-N-acetyl-B-p-
glucosaminide in 50 mM citrate buffer (pH 4.5) was incubated for
3 h at 37°C. The reaction was stopped by adding 180 pl of carbonate
buffer (0.1 M NaHCO3/Na,COs3, pH 10.0). The absorbance due to the
formation of p-nitrophenol was measured at 415 nm by a microplate
reader. Three anti-allergic drugs, ketotifen fumarate, disodium cro-
moglycate (DSCG), and tranilast, all obtained from Sigma-Aldrich,
were measured for comparison. Tranilast and OCS aglycon were dis-
solved in 1% dimethylsulfoxide (DMSO). The final concentration of
DMSO was 0.067%, and there were no effects of DMSO on this assay.
Anti-degranulation activity (%) was calculated by the following equa-
tion: anti-degranulation activity (%)=[1—(S—B)/(C—B)]x100. C
represents the absorbance of the control and B represents the
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Fig. 1. Chemical structures of okicamelliaside (OCS) isolated from Camellia japonica leaves and chemically synthesized OCS aglycon. (A) 3,4-dioxoloellagic acid 4'-O-3-p-glucopyr-

anoside: okicamelliaside (OCS). (B) 3,4-dioxoloellagic acid (OCS aglycon).
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Table 1
ICsp values of anti-degranulation activity on RBL-2H3 cells.
1Cs0 (M)

ocs 14x10782
OCS aglycon 3.0x10°%2
Ketotifen fumarate 1.7x10742
DSCG 3.0x1073
Tranilast >3.0x10"4

2 1Csq values of OCS, OCS aglycon, and ketotifen fumarate were
cited from reference [9] with permission from the Japan Society
for Bioscience, Biotechnology, and Agrochemistry.

absorbance of the blank (without cells) for the control. S represents
the absorbance of the samples.

2.4. Measurement of intracellular Ca®* levels

Intracellular Ca®" levels were determined using the calcium-
reactive fluorescence probe Fluo 3-AM. RBL-2H3 cells (1x 10 cells/
ml) in 10 mM PIPES buffer (pH 7.4; 140 mM NaCl, 5mM KCl,
0.6 mM MgCl,, 1 mM CaCl,, 5.5 mM glucose, and 1% BSA) were incu-
bated with anti-DNP IgE (0.2 pg/ml) and Fluo 3-AM (4.4 uM) for
30 min at 37°C. After washing and resuspension, 10 pl of each sample
was added to 0.5 ml of cell suspension and incubated for 10 min at
37°C. The cells were stimulated with DNP-BSA (2 pg/ml) and moni-
tored for fluorescence (excitation and emission at 488 and 525 nm,
respectively) by a MACSQuant flow cytometer (Miltenyi Biotech,
North Rhine-Westphalia, Germany). Mean fluorescence intensity
(MFI) was calculated using associated equipment software. Intracel-
lular concentration of Ca?* ([Ca%™]) was thought to be almost 0% at
the stationary phase before antigen stimulation, and alterations in in-
tracellular [Ca®*] were calculated using the following equation: in-
crease of [Ca®™] (%)= (S—B)/Bx100. B represents the MFI of the
blank (adding vehicle without antigen stimulation), and S represents
the MFI of the samples (adding samples with antigen stimulation).

2.5. Western blot analysis

IgE-sensitized RBL-2H3 cells in a 35-mm dish were incubated with
15 UM OCS aglycon or 100 nM OCS for 10 min and then treated with
DNP-BSA (2 pg/ml) or PBS for 10 min. The cells were lysed in 0.3 ml
of ice-cold lysis buffer (50 mM Tris-HCI, pH 8.0; 150 mM NadCl,
1 mM EDTA-2Na, 1 mM PMSF, 1 pg/ml aprotinin, 1 pg/ml leupeptin,
1 pg/ml pepstatin, 1 mM Nas3VO,4, and 1 mM NaF) using a sonicator
(Ultrasonic Processor XL, Astron Electronic, Feistritz, Austria). The
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cell lysates were resolved by 7.5% sodium dodecylsulfate electropho-
resis (SDS-PAGE) and transferred onto nitrocellulose acetate mem-
branes (Hybond-ECL, GE Healthcare Japan, Tokyo, Japan). After
blocking, the membranes were incubated with the appropriate pri-
mary antibody overnight at 4°C and then incubated with horseradish
peroxidase-conjugated secondary antibody for 30 min at room tem-
perature. Immunoreactive proteins were detected with an ECL Ad-
vance Western Blotting Detection Kit (GE Healthcare Japan) by a
chemiluminescence detector (LAS 4000mini, GE Healthcare Japan).

2.6. DNA microarray analysis

IgE-sensitized RBL-2H3 cells were incubated with 2.1 uM OCS or
vehicle for 10 min. As described in 3-hexosaminidase release assay,
cells were stimulated by DNP-BSA for 1 h at 37°C and collected by
trypsin-EDTA treatment. Total RNAs were extracted with an RNeasy
Plus Mini Kit (QIAGEN K.K., Tokyo, Japan). DNA microarray analysis
using rat oligo DNA microarray (22,575 spots; Agilent Technologies,
Santa Clara, CA, USA) was consigned to Hokkaido System Science
(Hokkaido, Japan).

2.7. Animals

Male ICR mice were purchased from CLEA Japan (Shiga, Japan).
They were housed in air-conditioned rooms maintained at 23°C+
3°C with relative humidity of 55% 4 15% under a 12-h light-dark
cycle. The animals had ad libitum access to laboratory rodent chow
(Oriental Yeast, Tsukuba, Japan) and tap water. The experimental
protocols of this study were approved by the Animal Experiment
Ethics Committee of the University of the Ryukyus. All animals were
maintained according to the Guidelines for Proper Conduct of Animal
Experiments established by Science Council of Japan.

2.8. Passive cutaneous anaphylaxis reactions

The ICR mice (10-12 weeks of age) were sensitized with 50 pl of
anti-DNP-IgE/PBS by intradermal injection in the ears using a 0.5-ml
insulin syringe. After 24 h, DNP-BSA (0.2 mg/head) in PBS containing
1% Evans blue was intravenously injected to induce passive cutaneous
anaphylaxis (PCA) reactions. Samples were administered per os (p.o.)
or intraperitoneally (i.p.) 1 h before the antigen challenge. Tranilast
(RIZABEN Fine Granules 10%, Kissei Pharmaceutical, Nagano, Japan)
suspended in 0.5% methyl cellulose solution (Wako Pure Chemical In-
dustries, Osaka, Japan) was used as a comparison sample. Thirty mi-
nutes after the antigen challenge, mice were sacrificed under
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Fig. 2. Effects of OCS and OCS aglycon on antigen-induced degranulation and RBL-2H3 cell viability. Cells were sensitized with anti-DNP IgE (0.2 pug/ml) and stimulated with DNP-
BSA (2 pg/ml) for 1 h. Before stimulation, cells were incubated with OCS (A) or OCS aglycon (B) for 10 min. OCS was tested at 11, 21, 105, 210, and 1050 nM. Aglycon was assayed at
2.5, 5,75, 10, 12.5, and 15 mM. Anti-degranulation activities (closed circle) are expressed as the percentage of inhibition of 3-hexosaminidase release as compared with that of
DNP-BSA alone. Cell viability was evaluated by the Cell Counting Kit-8 (closed triangle). Each point represents the mean (n=4) 4 SD.
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Fig. 3. Effects of OCS and OCS aglycon on antigen-induced intracellular [Ca>*] elevation in RBL-2H3 cells. Cells were incubated with anti-DNP IgE (0.2 ug/ml) and Fluo 3-AM
(4.4 uM) for 30 min. After washing, cells were incubated with OCS (A) or OCS aglycon (B) for 10 min and then stimulated with DNP-BSA (2 pg/ml). Increases in [Ca®*] were eval-
uated by mean fluorescence intensity. Each point represents the mean (n= 3) = SD. *OCS and aglycon significantly inhibited antigen-induced increases in [Ca**] as compared with

DNP-BSA alone (p<0.05).

anesthesia, and their ears were removed and immersed in 1 ml of
formamide. The Evans blue was extracted at 80°C for 2 h followed
by extraction at 40°C for 14 h, and the absorbance at 620 nm was
measured. The first experiment was performed by single sample ad-
ministration with the following 5 experimental groups: normal
group (PBS was injected into the ears instead of anti-DNP IgE,
n=6), allergy group (n=23), tranilast 200 mg/kg p.o. group
(n=35), and OCS 10 mg/kg p.o. and i.p. groups (n=9 and 6, respec-
tively). OCS has been evaluated for safety by single administration
at 10 mg/kg p.o. and i.p. in mice (unpublished data). Next, repetitive
administration (once a day, from 7 days before antigen challenge)
was performed to investigate the preventive effects of OCS using
the following two experimental groups: allergy group (n=15) and
0OCS 5 mg/kg p.o. group (n=8). Because of the limited availability of

OCS, the repetitive administration dose was set at 5 mg/kg body
weight.

2.9. Statistical analysis

In vitro assay data were expressed as the mean + standard devia-
tion (SD) and analyzed by a Student's t-test, which compared the con-
trol and each sample. In vivo assay data were expressed as the mean +
standard error (SE) and analyzed using a one-way analysis of variance
(ANOVA) followed by Duncan's new multiple range test with Statistical
Analysis System software (ver. 9.2, SAS Institute Japan Ltd., Tokyo,
Japan). In all cases, probability (p) values of <0.05 were considered sta-
tistically significant.
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Fig. 4. Effects of OCS and OCS aglycon on antigen-stimulated signal transduction in RBL-2H3 cells. Cells were sensitized with anti-DNP IgE and stimulated with DNP-BSA (2 ug/ml)
for 10 min. Before stimulation, cells were incubated with 15 uM OCS aglycon or 100 nM OCS. Whole cell lysates were analyzed by Western blotting as described in the Materials and
methods. (A) The blots are representative of three independent experiments. (B) The data are presented as means (n=3) £ SD. *p<0.05 compared with antigen stimulated cell.
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Table 2
DNA microarray analysis of antigen-stimulated RBL-2H3 cells. (A) Genes downregu-
lated by more than 2-fold as a result of OCS treatment.

No. Gene name Fold
decrease
1 Interleukin 3 (113) 35.71
2 Early growth response 1 (Egr1) 30.42
3 Interleukin 4 (114) 16.48
4 Chemokine (C-C motif) ligand 2 (Ccl2) 9.58
5  Zinc finger protein 36 (Zfp36) 8.13
6 Sphingosine kinase 1 (Sphk1) 7.85
7  Immediate early response 3 (Ler3) 5.68
8  Early growth response 3 (Egr3) 4.64
9 Protein phosphatase 1, regulatory (inhibitor) subunit 14c 3.83
(Ppplrl4c)
10 Interleukin 13 (I1113) 3.55
11  Colony stimulating factor 1 (macrophage) (Csf1) 3.26
12 Immediate early response 2, predicted 3.21
13 G protein-coupled receptor 37 (Gpr37) 293
14  G-protein coupled receptor 65 (Gpr65), predicted 2.69
15 SH2 domain protein 2A (Sh2d2a) 2.67
16  Prostaglandin-endoperoxide synthase 2 (Ptgs2) 2.64
17 Regulator of G-protein signaling 2 (Rgs2) 2.36
18 Nuclear factor, interleukin 3 regulated (Nfil3) 232
19 MAP kinase-activated protein kinase 2 (Mapkapk2) 2.18
20 Mitogen-activated protein kinase kinase kinase 8 (Map3k8) 2.16
21 Nuclear receptor subfamily 2, group F, member 1 (Nr2f1) 2.10

22 Protein tyrosine phosphatase, non-receptor type 12 (Ptpn12) 2.09
23 Cytokine inducible SH2-containing protein (Cish), predicted 2.09
24 Regulator of G-protein signaling 1 (RGS1) 2.04

(B) Genes upregulated by more than 2-fold as a result of OCS treatment.

No. Gene name Fold
increase

1 Hematopoietically expressed homeobox (Hhex) 3.11

2 Phosphoinositide-3-kinase, regulatory subunit, polypeptide 2.95
p101, predicted

3 Stress-induced protein SIP18, partial (77%) 2.68

4 ATPase, Ca®" transporting, plasma membrane 3 (Atp2b3), 2.65
predicted

5  Nuclear receptor coactivator 7, predicted 2.57

6 Senataxin; DEAXQ-box helicase; tRNA splicing endonuclease 2.46
regulator 1, predicted

7  Actin related protein M1, predicted 2.37

8  ADP-ribosylation factor-like 11 (Arl11), predicted 2.16

9  Calcium/calmodulin-dependent protein kinase kinase 1, alpha  2.10
(Camkk1)

10 GDP-l-fucose:beta-d-galactoside 2-alpha-1-fucosyltransferase, — 2.04
predicted

11  Fat tumor suppressor homolog 2 (Fath2) 2.01

3. Results

3.1. Inhibitory effects of OCS and OCS aglycon on antigen-induced
degranulation of RBL-2H3 cells

OCS and OCS aglycon showed more potent anti-degranulation ac-
tivities than the antihistaminic drug ketotifen fumarate, as shown in a
previous study [9]. However, an additional experiment was necessary
to compare their activities to major mast cell stabilizers such as DSCG
and tranilast. In addition, the cytotoxicity of both compounds was
unclear. To address these issues, a 3-hexosaminidase release assay
and cytotoxicity assay were performed. Table 1 summarizes the ICsg
values of degranulation for OCS, aglycon, and typical anti-allergic
drugs. Tranilast showed <50% inhibition at 0.3 mM, which was the
maximum concentration in this assay. ICsq values of OCS and aglycon
(14 nM and 3 pM, respectively) were approximately 2 to 3 orders of
magnitude lower than those of ketotifen fumarate, DSCG, and trani-
last (0.17, 3.0, and > 0.3 mM, respectively). OCS, which has a hydro-
philic glucose residue, was about 200-fold more potent than aglycon
in terms of inhibitory activity. There were no observed effects of
OCS or aglycon on cell viability at concentrations capable of

exhibiting anti-degranulation activities (Fig. 2). Hence, the inhibitory
effects of both compounds are suggested not to result from their
cytotoxicity.

3.2. Effects of OCS and OCS aglycon on antigen-induced intracellular
calcium mobilization and phosphorylation of signaling factors in
RBL-2H3 cells

To investigate the mechanisms of degranulation inhibition by OCS
and OCS aglycon, we measured antigen-induced intracellular Ca* mobi-
lization after sample treatments. As shown in Fig. 3, intracellular [Ca®*]
maximally increased at approximately 30 s after antigen stimulation.
The antigen-induced [Ca®"] elevation was significantly inhibited by
OCS (30 to 90 s) and aglycon (30 to 210 s) at all concentrations tested
when compared with DNP-BSA alone (p<0.05). These results indicate
that OCS and aglycon inhibit antigen-induced degranulation in RBL-
2H3 cells via inhibition of intracellular Ca>* mobilization.

To further elucidate the inhibitory mechanisms of degranulation,
we examined the effects of OCS and OCS aglycon on the phosphoryla-
tion of protein tyrosine kinases (Lyn and Syk) and PLCy-1 located up-
stream of the [Ca%™] elevation in the principle signaling pathway. As
shown in Fig. 4, phosphorylation of Syk (Tyr525/526) and PLCy-1
(Tyr783 and Ser1248) by DNP-BSA stimulation for 10 min was inhib-
ited by OCS and OCS aglycon, whereas OCS and OCS aglycon did not
affect Lyn. These results indicate that OCS and aglycon inhibit degran-
ulation via the suppression of signaling molecules for phosphoryla-
tion in the principle pathway.

3.3. DNA microarray analysis of RBL-2H3 cells treated with OCS

Because OCS showed strong anti-degranulation activity, a DNA
microarray analysis was performed for a more comprehensive under-
standing of the anti-allergic effect of OCS. Compared with the control,
113 genes were downregulated by >2-fold as a result of OCS treat-
ment (annotated genes totalled 53). On the other hand, 41 genes
were upregulated by >2-fold as a result of OCS treatment (annotated
genes totalled 11). Typical genes related to allergy and inflammation
are shown in Table 2. Proinflammatory cytokines such as interleukin
(IL)-3, IL-4, and IL-13, and cytokine-producing signaling molecules
such as MAP kinase-activated kinase 2 and mitogen-activated protein
kinase-kinase-kinase were markedly downregulated. The expression
of prostaglandin-endoperoxidase (cycloxygenase; COX) 2, which pro-
duces prostaglandins that are important chemical mediators, was also
suppressed by OCS treatment. These results indicate that OCS sup-
presses allergy not only by inhibition of degranulation, but also by
downregulation of cytokines and chemical mediator production.

3.4. Effects of OCS and OCS aglycon on PCA reaction in mice

PCA reaction tests in mice were designed to clarify the anti-
allergic effects of OCS in vivo, as a model for immediate-type allergy.
As shown in Fig. 5A, Evans blue leakage was significantly increased
from 1.98 4-0.06 pg/ml in the normal group to 12.14 £ 0.97 pg/ml in
the allergy group by PCA reaction (p<0.05). Tranilast (200 mg/kg
p.o.), an anti-allergic drug, significantly suppressed Evans blue leak-
age (6.21 +0.14 pg/ml, 58.4% inhibition, p<0.05). Oral administration
of OCS at 10 mg/kg had no effect; however, intraperitoneal adminis-
tration significantly inhibited Evans blue leakage to 6.33 4+ 0.85 pg/
ml (57.2% inhibition, p<0.05). Furthermore, repetitive sample admin-
istration from 7 days prior to antigen challenge was examined to re-
veal the preventive effects of OCS (Fig. 5B). Repetitive
administration of OCS (5 mg/kg p.o.) had no effect on body weights
of mice (data not shown). Evans blue leakage was significantly de-
creased from 12.20 £ 0.81 pg/ml in the allergy group to 8.7440.92
pg/ml by OCS (33.9% inhibition, p<0.05).
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Fig. 5. Effects of OCS on the passive cutaneous anaphylaxis reaction in mice. ICR mice were sensitized with anti-DNP IgE (0.5 pg/50 pl/head) by intradermal injection in the ears.
After 24 h, passive cutaneous anaphylaxis (PCA) was induced by intravenous injection of DNP-BSA/PBS containing 1% Evans blue (0.2 mg/0.2 ml/head). Single samples were admin-
istered at 1 h before the antigen challenge (A) and repeated for 7 days (B). Thirty minutes after the antigen challenge, Evans blue leakage was measured. Values represent the mean 4 SE.

*p<0.05 compared with allergy group.

4. Discussion

Natural organic compounds are widely used for allergy therapy.
DSCG and tranilast are well-known mast cell stabilizers whose lead
compounds were originally derived from plants. The structures of
these lead compounds where then modified to enhance anti-allergic
activities. Compared with these medicines, OCS purified from C. ja-
ponica leaves and chemically synthesized OCS aglycon had much
higher anti-degranulation activities in vitro (Table 1). OCS and agly-
con are ellagic acid analogues with a cyclic structure at the 3,4-OH po-
sition (Fig. 1) and low molecular weights (476 and 314, respectively)

@ Antigen
Y*Y IgE

[9]. These structural features seem to contribute to their remarkable
activities. Although the role of the glucose residue is unclear, the am-
phipathic properties caused by the cyclic structure and glucose resi-
due are considered to be necessary for the high activity, as OCS was
more potent than aglycon.

A schematic diagram of the anti-allergic effects of OCS and OCS
aglycon on RBL-2H3 cells based on our results is shown in Fig. 6.
OCS and aglycon inhibit degranulation via the suppression of Syk-
phosphorylation followed by inhibition of PLCy-1-phosphorylation
and Ca?*-mobilization in the principle pathway. At the start of signal
transduction, phosphorylation of Lyn might immediately occur after
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Fig. 6. Schematic diagram of the anti-allergic effects of OCS and OCS aglycon on RBL-2H3 cells. Bold lines drawn from ‘OCS & aglycon’ on the left side express the inhibitory effects
observed by intracellular Ca>* measurement and Western blot analysis. Bold dashed lines drawn from ‘OCS’ on the right side express inhibitory effects predicted by DNA microarray

analysis.
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antigen stimulation; however, it was not detected at 10 min. There-
fore, the effects of OCS and aglycon on Lyn are unknown. Both com-
pounds may act at an earlier stage (e.g., cross-linking of FceRI on
cell surfaces or Lyn-phosphorylation). Additional studies are neces-
sary to reveal the precise mechanisms of action. With respect to
PLCy-1, phosphorylation at Ser1248 was reportedly involved in a sig-
naling pathway related to the epidermal growth factor receptor [17].
It was also found in the FceRI induced-signaling pathway.

OCS should inhibit the production of proinflammatory cytokines
and chemical mediators. It is well known that IL-4 and IL-13 promote
the proliferation and activation of helper T2 cells and accelerate hu-
moral immunity [18,19]. Prostaglandins are also known to induce
vascular hyperpermeability, smooth muscle contraction, and eosino-
phil migration. In addition, they lead to deterioration in allergic in-
flammation [20]. OCS interferes with these critical factors, indicating
that it broadly suppresses allergic inflammation. Further effort is
being made to confirm the suppression of proinflammatory cytokines
and chemical mediators with decreased amounts of OCS and with
quantitative methods such as real time PCR and enzyme linked
immunoassay.

In the in vivo analysis, OCS significantly inhibited the PCA reaction
in mice via two routes of administration: (i) single i.p. at 10 mg/kg
and (ii) repetitive p.o. at 5 mg/kg for 7 days (Fig. 5). We previously
reported the anti-allergic activity of the crude extract of C. japonica
leaves [10]. In addition, the present study demonstrates the anti-
allergic activity of purified OCS. Because oral administration is avail-
able, OCS may be useful in health foods or as a lead compound of
oral drugs. The remarkable anti-degranulation activity of OCS in
vitro led us to expect powerful anti-allergic activities in vivo. Howev-
er, judging from the 33.9% inhibition of vascular permeability by OCS
at 5 mg/kg p.o., the potency can be regarded as moderate. Plausible
explanations include a low rate of absorption through the digestive
membrane and conversion to metabolites of lower potency, as exem-
plified by the deglucosidation of OCS to aglycon.

In conclusion, OCS and its aglycon exert prominent anti-
degranulation activities by suppressing Syk-phosphorylation and
inhibiting intracellular calcium mobilization in the principle signaling
pathway. OCS is also likely to prevent deterioration of allergic reac-
tions by inhibiting the expression of proinflammatory cytokines and
COX-2. Moreover, preventive oral intake of OCS could exert anti-
allergic activity in vivo. Thus, OCS may be a valuable source for func-
tional foods and lead compounds in medicine. For further utilization,
optimization of effective doses or chemical modifications to enhance
absorption and metabolic stability would be required.
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