
Epicatechin-3-O-(3″-O-methyl)-gallate Content in Various Tea
Cultivars (Camellia sinensis L.) and Its in Vitro Inhibitory Effect on
Histamine Release
Mari Maeda-Yamamoto,*,† Kaori Ema,† Mamami Monobe,† Yoshiko Tokuda,† and Hirofumi Tachibana‡

†National Institute of Vegetable and Tea Science, National Agriculture and Food Research Organization, 2769 Kanaya,
Shizuoka 428-8501, Japan
‡Department of Bioscience and Biotechnology, Faculty of Agriculture, and Bio-Architecture Center, Kyushu University,
Kyushu, Japan

ABSTRACT: It has been reported that epigallocatechin-3-O-(3″-O-methyl)-gallate (EGCG3″Me) and the EGCG3″Me-rich
green tea (Camellia sinensis L.) cultivar ‘Benifuuki’ exhibit antiallergic effects. The objective of this study was to investigate the
effect of various tea leaf catechins on histamine release from murine bone marrow mast cells (BMMC). At a dose of 50 μg/mL,
the rank order of histamine release inhibition was observed to be epicatechin-3-O-(3″-O-methyl)-gallate (ECG3″Me) >
gallocatechin-3-O-(3″-O-methyl)-gallate (GCG3″Me) > EGCG3″Me > gallocatechin-gallate (GCG) > catechin-gallate (CG) >
EGCG > epicatechin-gallate (ECG) > epigallocatechin (EGC) > gallocatechin (GC). Of the various tea cultivars analyzed by
HPLC, the greatest content of ECG3″Me was found in the third crop of ‘Benifuuki’ (1.05% dry weight). Moreover, ECG3″Me
content was positively correlated with EGCG3″Me content in ‘Benifuuki’ tea leaves. In an assay of mixtures of ECG3″Me and
EGCG3″Me, inhibitory activity (50 μg/mL in total) was increased as the content of ECG3″Me increased. This suggests that
ECG3″Me might link to the antiallergic effect of ‘Benifuuki’ tea, as has been reported for EGCG3″Me.
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■ INTRODUCTION
Allergy is recognized as a disease of excessive immune activity,
with allergic rhinitis (AR) being one of the most prevalent
allergic disorders affecting productivity and quality of life. The
prevalence of AR varies among populations, but it is estimated
to affect up to 30% of the worldwide population and its
incidence is increasing.1 Because medical costs for treating this
disease are high and the possible adverse effects of available
medication are not negligible, there is great demand for the
development of physiologically functional foods for allergy
prevention. Mast cells play a critical role in the effector phase of
IgE-dependent immediate hypersensitivity and allergic diseases.2

Cross-linking of high-affinity IgE receptors (FcεRI) with IgE
and allergen initiates the activation process, leading to the
release of preformed and de novo synthesized vasoactive amines,
proteases, leukotrienes, cytokines, and chemokines.3−5 These
chemical and polypeptide agents elicit various allergy-associated
pathophysiological changes locally and systemically; for instance,
amines, such as histamine and serotonin, enhance vascular
permeability, and cytokines, such as TNF-α, recruit inflamma-
tory cells to the site of allergen exposure.
It has been reported that O-methylated EGCGs (epigalloca-

techin-3-O-(3″-O-methyl)-gallate (EGCG3″Me; Figure 1), epi-
gallocatechin-3-O-(4″-O-methyl)-gallate (EGCG4″Me),6−8 and
strictinin9 have antiallergic functions and that the Japanese tea
(Camellia sinensis L.) cultivar ‘Benifuuki’ is rich in EGCG3″Me,
which is absent in black tea.10,11 Oral administration of these
O-methylated catechins significantly and dose-dependently
(5−50 mg/kg) inhibited type I allergic (anaphylactic) reactions
in mice sensitized with ovalbumin and Freund’s incomplete

adjuvant. Both EGCG3″Me and EGCG4″Me inhibited hista-
mine release (as a surrogate marker of degranulation of mast
cells) with higher potency than their nonmethylated form of
catechins. These catechins also strongly inhibit mast cell
activation through the suppression of tyrosine phosphorylation
mediated by the cellular protein kinase Lyn,12 suppression of
myosin light chain phosphorylation and high-affinity IgE
receptor expression via binding to the 67 kDa laminin
receptor,13 and suppression of histamine and leukotriene release,
as well as interleukin-2 secretion after FcεRI cross-linking.
Furthermore, in vitro and in vivo effects of ‘Benifuuki’ green

tea containing EGCG3″Me (in vitro, 50 μg/mL addition; in vivo,
34 mg/day administration to adult human) have been reported,
such as suppression of inflammatory cytokine (TNF-α) and
chemokine (MIP1-α) production from mast cells after antigen
stimulation and significant symptom relief of subjects with
Japanese cedar pollinosis compared to ‘Yabukita’ green tea
without EGCG3″Me (in a double-blinded clinical trial).14 We
also reported that the blood level of EGCG3″Me was higher than
that of EGCG after administering ‘Benifuuki’ green tea to
humans.14 Briefly, after the consumption of ‘Benifuuki’ green tea
containing 43.5 mg of EGCG and 8.5 mg of EGCG3″Me, the
AUC (area under the drug concentration time curve; min·μg/mL)
of EGCG was 6.72 ± 2.87 and that of EGCG3″Me was
8.48 ± 2.54 in healthy human volunteers. Although the dose of
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EGCG was 5.1 times the dose of EGCG3″Me, the AUC of
EGCG3″Me was higher than that of EGCG.
HPLC analysis of O-methylated catechins in green tea detected

the presence of not only EGCG3″Me but also epicatechin-3-O-
(3″-O-methyl)-gallate (ECG3″Me). However, the antiallergic
activity of ECG3″Me has not yet been investigated. In this
study, we attempt to clarify the ECG3″Me content in various
cultivars of tea, and its inhibitory effect on histamine release using
bone marrow derived mast cells (BMMC), which is used as an in
vitro assay.15

■ MATERIALS AND METHODS
Tea Samples. (1) Various cultivars of fresh tea leaves (C. sinensis

L.) were hand plucked from April 29 (first crop) to August 9 (third
crop), 2007, at the plantation of the National Institute of Vegetable and
Tea Science (NITVS) in Kanaya, Shizuoka, Japan. (2) Fresh ‘Benifuuki’
tea leaves were hand plucked from March 17 (first crop) to October 27
(fourth crop), 2006, in Shizuoka, Okinawa, Kagoshima, and Ooita
prefectures. The freshly plucked tea leaves were immediately dried in
a microwave oven and finely powdered using a sample cyclone mill
(1 mm mesh; Shizuoka Seiki, Shizuoka, Japan) and stored in a
refrigerator until analysis.
Chemicals. Ethyl gallate, (−)-epicatechin (EC), (+)-catechin (C),

(−)-epigallocatechin-3-O-gallate (EGCG), epicatechin-3-O-gallate
(ECG), epigallocatechin (EGC), gallocatechin-3-O-gallate (GCG), and
catechin-3-O-gallate (CG) were purchased from Wako Pure Chemical
(Osaka, Japan). EGCG3″Me,6 ECG3″Me, and GCG3″Me (>98% purity)
were kindly provided by Prof. Toshio Miyase of University of Shizuoka.
The chemical structures of the catechins used in this study are shown in
Figure 1.
Acetonitrile (MeCN), N-acetylcysteine (NAC), calcium chloride

(CaCl2), ethanol (EtOH), ethylenediaminetetraacetic acid (EDTA),
ferrous sulfate (FeSO4), gelatin, glucose, glutamine, HEPES, hydroxy
chloride (HCl), magnesium chloride (MgCl2·6H2O), 2-mercaptoetha-
nol, methanol (MeOH), penicillin, o-phthalaldehyde (OPA), phos-
phoric acid (H3PO4), potassium chloride (KCl), potassium dihydrogen
phosphate (KH2PO4), potassium sodium tartrate, sodium azide,
sodium borate, sodium chloride (NaCl), sodium dihydrogen phosphate

(NaH2PO4), and streptomycin were purchased from Wako Pure
Chemical. Anti-2,4,6-trinitrophenyl (TNP) mouse monoclonal IgE
antibody (IgE) was purchased from BD Pharmingen (Franklin Lakes,
NJ, USA). TNP−bovine serum albumin (TNP-BSA) was purchased
from LSL Lifescience (Cosmo Bio Co. Ltd., Tokyo, Japan). Murine
recombinant IL-3 (IL-3) was purchased from PeproTech Inc. (Rocky
Hill, NJ, USA). RPMI 1640 medium and fetal bovine serum albumin
(FBS) were purchased from Invitrogen Japan K.K. (Tokyo, Japan).

Preparation of Tea Infusion. Powdered tea was extracted at
100 °C for 30 min in a 100-fold dilution with distilled water (w/b).
After filtration, the polyphenol content in the infusion was measured,
as described in the following section, to standardize the polyphenol
levels in each sample.

Analysis of Polyphenol Content. The polyphenol (tannin)
content in the infusion was measured by colorimetry using the ferrous
tartrate method.16 Briefly, solution A (0.1% FeSO4 and 0.5% potassium
sodium tartrate), Sorensen buffer (67 mM Na2HPO4/67 mM KH2PO4,
84:16), and an ethyl gallate standard solution were prepared. A 5 mL
aliquot of infusion sample (standard solution or distilled water as blank)
was placed in a 25 mL flask, 5 mL of solution A was added and mixed
completely, and Sorensen buffer was added to 25 mL. Absorbance of the
reaction was measured by spectrophotometry at 540 nm (Benchmark
Plus; Nippon Bio-Rad Laboratories K.K., Tokyo, Japan). Ethyl gallate
was used as the polyphenol standard. Standard solutions were prepared
at 0, 20, 40, 60, 80, and 100 mg/100 mL to generate a linear calibration
curve. Polyphenol content (mg/100 mL) was calculated by multiplying
ethyl gallate content by a coefficient of 1.5.

Analysis of Catechins. Tea leaves were pulverized into powder for
analysis. Catechins were extracted from 250 mg of tea leaf powder using
20 mL of 2% H3PO4/EtOH (1:1) at 30 °C for 60 min in a water bath.17

The extracts were added to 25 mL of distilled water and centrifuged
at 1200g for 5 min at 4 °C, and the supernatant was diluted 10-fold
with distilled water. Twenty microliters of the sample, filtered through
a membrane filter (DISMIC-13HP, PTFE; pore size = 0.45 μm;
Advantec, Osaka, Japan), was injected into the HPLC apparatus. HPLC
was performed with a Shimadzu LC-10A pump coupled with a UV−vis
detector (SPD-M10Avp; Shimadzu Corp., Kyoto, Japan) using a
reverse-phase Wakopak Navi C18-5 column (4.6 mm i.d. × 150 mm;
granule diameter, 5 μm; Wako Pure Chemical) with Wakopak Navi
C18-5 (4.6 mm i.d. × 10 mm; granule diameter, 5 μm; Wako Pure
Chemical) as a guard column and eluted with an eluent (as described
below) at a flow rate of 1 mL/min at 40 °C. Catechins were measured at
272 nm.

HPLC analysis was performed using a linear gradient system with
mobile phase A (DW/MeCN/H3PO4, 400:10:1) and mobile phase B
(MeOH/mobile phase A, 1:2). Linear gradient elution was performed
as follows: 100% mobile phase A for 2 min; 20% mobile phase A for
27 min; maintain 20% mobile phase A for 10 min; and return to 100%
mobile phase A for 7 min.18

Quantification was carried out using the external standard method.
Quantification of catechins was performed after data acquisition using
an LC workstation (Class VP system; Shimadzu).

Cells and Culture. Pathogen-free 5-week-old female NC/Nga
mice were purchased from Charles River Japan, Kanagawa, Japan.
The animals were handled and sacrificed in accordance with the
procedures outlined in the Guidelines for Animal Experimentation of
National Institute of Vegetable and Tea Science, NARO. Mice were
sacrificed by cervical dislocation prior to evisceration of their femurs.
Ten milliliters of 4 ng/mL of IL-3-containing RPMI 1640 medium,
supplemented with 10% heat-inactivated FBS, 100 μg/mL of
streptomycin, and 100 U/ml of penicillin, 2 mM glutamine, and
50 μM 2-mercaptoethanol, was injected into each femur, which was
cut at the top and bottom, and with a syringe attached to a 26G needle
(Terumo Corp., Tokyo, Japan); bone marrow cells were ejected into
25 cm2 falcon cell culture flasks (Japan Becton Dickinson, Tokyo,
Japan). The obtained bone marrow cells were subsequently cultured in
humidified 95% air/5% CO2 at 37 °C. After 4 weeks of culture, the
obtained BMMC were found to be >95% pure mast cells.

Degranulation by FcεRI Cross-Linking and Histamine Anal-
ysis. BMMC were passively sensitized at a density of 2 × 106 cells/mL

Figure 1. Structural formulas of catechins used in this study.
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with 0.5 μg/mL of IgE at 37 °C overnight. After washing in Tyrode
solution (Ca2+-free; 10 mM HEPES, pH 7.4; containing 0.8% NaCl,
0.02% KCl, 0.056% NaH2PO4, 0.1% glucose, 0.05% gelatin, and 1 μM
MgCl2·6H2O), the cells were resuspended in Tyrode buffer at a
density of 1 × 107 cells/mL, incubated for 20 min with samples at
37 °C, and then stimulated by 300 ng/mL of TNP-BSA with 300 μM
CaCl2 for 10 min at 37 °C. Cell suspensions were briefly centrifuged at
15000g for 5 min at 4 °C to separate Tyrode solution from cell pellets.
The supernatant was added to 4 mM EDTA/Tyrode solution and
cooled on ice to stop the reaction.
For histamine determination, an equivalent volume of 0.1 N HCl

was added to the supernatant, and the released histamine was measured
by on-column HPLC.19 HPLC was performed using a Shimadzu
LC-10A pump coupled with a fluorescent photometric detector (ex
330 nm, em 430 nm; RF-10AxL; Shimadzu) with a reverse-phase
Asahipak-ODP-50-4E column (4.6 mm i.d. × 250 mm; particle size,
5 μm; Showa Denko, Tokyo, Japan). The solution was eluted with
50 mM sodium borate/MeCN (80:20) buffer containing 1 mM OPA
and 1 mM NAC at a flow rate of 0.5 mL/min at 37 °C. Quantification
was carried out using the external standard method.
Moisture Analysis. The moisture content of tea samples was

determined using a moisture analyzer (MX-50; A&D Co., Ltd., Tokyo,
Japan).
Statistical Analysis. The data are expressed as the mean ± SD of

triplicate experiments. Differences in histamine release between each
group were assessed using the Tukey−Kramer multiple-comparison
test, and the correlation between ECG3″Me and EGCG3″Me was
assessed using the Pearson correlation coefficient test, assuming a
significance level of 5 or 1%, using Statcel software (ver. 2).

■ RESULTS
Inhibitory Effect of Various Catechins on Histamine

Release. To reveal the catechin with the highest activity in tea
leaves, we investigated the inhibitory effects of EGC, GC, ECG,
CG, EGCG, GCG, EGCG3″Me, GCG3″Me, and ECG3″Me on
histamine release using BMMC. Figure 2 shows the histamine

release inhibitory effects of nine catechins (50 μg/mL) in
BMMC after antigen (TNP−BSA) stimulation. The rank order
of histamine release inhibition was as follows: ECG3″Me >
GCG3″Me > EGCG3″Me > GCG > CG > EGCG > ECG >
EGC > GC, with 42.0 > 32.6 > 29.2 > 22.0 > 19.0 > 15.5 > 6.8 >
5.1% inhibition, respectively.

ECG3″Me Content in Various Tea Cultivars. To identify
the tea cultivars with high ECG3″Me content, we determined
the ECG3″Me content in various tea cultivars. Figure 3 shows

the HPLC chromatograms for catechin standards (Figure 3A)
and ‘Benifuuki’ green tea infusion from the second crop of
the 2007 season (Figure 3B). Table 1 shows ECG3″Me and
EGCG3″Me contents in various tea cultivars from the first to
third crops of the 2007 season. Among the tea cultivars tested,
ECG3″Me was most abundantly found in ‘Benifuuki’, and
ECG3″Me content in the third crop was 1.05% (dry weight).
Moderate amounts of ECG3″Me were also found in the cultivars
‘Asahi’, ‘Benihomare’, ‘Ujihikari’, ‘Tamamidori’, and ‘Yamatomi-
dori’, and all other cultivars contained minimal amounts.
Figure 4 shows the correlation between EGCG3″Me and

ECG3″Me contents in ‘Benifuuki’ tea leaves. ECG3″Me content
was positively correlated with EGCG3″Me content in ‘Benifuuki’
tea leaves (r = 0.803, t = 21.50, P = 4.10 × 10−59).

Inhibitory Effect of Mixtures of ECG3″Me and
EGCG3″Me on Histamine Release. To obtain further
information on the inhibitory effect of ECG3″Me, we examined
the effect of mixtures of EGCG3″Me and ECG3″Me on
histamine release inhibition. Mixtures 1 (EGCG3″Me 50 μg/
mL + ECG3″Me 0 μg/mL), 2 (EGCG3″Me 37.5 μg/mL +
ECG3″Me 12.5 μg/mL), 3 (EGCG3″Me 25 μg/mL + ECG3″Me
25 μg/mL), 4 (EGCG3″Me 12.5 μg/mL + ECG3″Me 37.5 μg/mL),
and 5 (EGCG3″Me 0 μg/mL + ECG3″Me 50 μg/mL) and a
‘Benifuuki’ infusion (50 μg/mL as tannin content) were examined
with respect to histamine release inhibition. As shown in Figure 5,
the inhibitory activity was increased in proportion to the ECG3″Me
dose, up to 50 μg/mL addition; however, the activity of the
‘Benifuuki’ infusion was the greatest.

■ DISCUSSION

In our previous study, we demonstrated that EGCG3″Me
exhibited greater inhibition of histamine release than EGCG,8,12

Figure 2. Inhibitory effects of various catechins on histamine release in
BMMC. Results are expressed as the percentage of histamine release
compared to vehicle after antigen stimulation (%) (n = 3, mean ±
SD). Mean values in a column not sharing letters are significantly
different by the Tukey−Kramer test (P < 0.01).

Figure 3. HPLC chromatograms of catechin standards (A) and
‘Benifuuki’ green tea infusion (B). The ‘Benifuuki’ green tea used was
plucked from the second crop of the 2007 season.
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in which an antiallergic action had been observed, using an in
vivo type-I allergic PCA test.6 Furthermore, when the in vitro
antiallergic effects of EGCG3″Me and EGCG and their C-2
epimers GCG3″Me and GCG were compared, it was found that
GCG3″Me had the greatest activity, with the order of potency
as follows: GCG3″Me > EGCG3″Me > GCG > EGCG.20

GCG3″Me and GCG, EGCG3″Me, and EGCG C-2 isomers
were not present in the fresh tea leaves, but are generated
by the heating process (>80 °C) in infusions.21,22 It is known
that tea leaves include various catechins,23 and the presence of
O-methylated catechin, with the exception of EGCG3″Me, is

suggested in ‘Benifuuki’ tea leaves. Therefore, to reveal the
catechin with the greatest activity in ‘Benifuuki’ tea leaves, we
investigated the histamine release inhibitory effects of EGC,
GC (EGC isomer), ECG, CG (ECG isomer), EGCG, GCG,
EGCG3″Me, GCG3″Me, and ECG3″Me.
Figure 2 shows that the in vitro antiallergic activity of

ECG3″Me is greater than that of EGCG3″Me. High levels of
ECG3″Me were observed in ‘Benifuuki’, ‘Asahi’, ‘Benihomare’,
‘Ujihikari’, ‘Tamamidori’, and ‘Yamatomidori’, and minimal
levels were found in the remaining cultivars (Table 1). However,
previous results revealed that EGCG3″Me was not found in any

Table 1. Contents of ECG3″Me and EGCG3″Me in Various Cultivars of Green Tea from the First to Third Crops of the 2007
Season in Kanaya (Mean ± SD)

first crop (% dry weight) second crop (% dry weight) third crop (% dry weight)

cultivar ECG3″Me EGCG3″Me ECG3″Me EGCG3″Me ECG3″Me EGCG3″Me

Benifuuki 0.38 ± 0.00 0.74 ± 0.01 0.65 ± 0.01 1.90 ± 0.01 1.05 ± 0.01 3.16 ± 0.03
Hatsumomiji 0.38 ± 0.02 0.08 ± 0.01 0.19 ± 0.01 0.00 0.09 ± 0.00 0.00
Benihomare 0.27 ± 0.01 0.62 ± 0.01 0.44 ± 0.01 1.13 ± 0.03 0.35 ± 0.01 1.04 ± 0.03
Benihikari 0.24 ± 0.01 0.30 ± 0.01 0.26 ± 0.01 0.66 ± 0.06 0.31 ± 0.01 1.20 ± 0.03
Ujihikari 0.22 ± 0.00 0.25 ± 0.01 0.26 ± 0.01 0.34 ± 0.05 0.22 ± 0.01 0.49 ± 0.02
Asahi 0.20 ± 0.00 0.00 0.09 ± 0.00 0.00 0.04 ± 0.00 0.00
Yamatomidori 0.20 ± 0.01 0.32 ± 0.01 0.25 ± 0.02 0.53 ± 0.03 0.23 ± 0.00 0.75 ± 0.01
Benifuji 0.20 ± 0.00 0.83 ± 0.01 0.36 ± 0.01 1.89 ± 0.04 0.68 ± 0.03 3.07 ± 0.15
Okumusashi 0.17 ± 0.01 0.26 ± 0.00 0.17 ± 0.03 0.26 ± 0.00 0.13 ± 0.00 0.45 ± 0.01
Ryofu 0.16 ± 0.00 0.25 ± 0.01 0.15 ± 0.01 0.32 ± 0.01 0.19 ± 0.00 0.80 ± 0.02
Yutakamidori 0.16 ± 0.01 0.12 ± 0.00 0.15 ± 0.00 0.24 ± 0.01 0.13 ± 0.01 0.44 ± 0.02
Inzatsu131 0.15 ± 0.00 0.19 ± 0.00 0.15 ± 0.01 0.44 ± 0.01 0.16 ± 0.00 0.43 ± 0.01
Minamisayaka 0.15 ± 0.01 0.26 ± 0.01 0.17 ± 0.00 0.42 ± 0.00 0.24 ± 0.01 0.85 ± 0.02
Hokumei 0.14 ± 0.01 0.00 0.10 ± 0.00 0.04 ± 0.00 0.05 ± 0.00 0.00
Sayamakaori 0.14 ± 0.01 0.00 0.09 ± 0.00 0.00 0.06 ± 0.01 0.00
Kanayamidori 0.12 ± 0.01 0.25 ± 0.01 0.09 ± 0.01 0.42 ± 0.01 0.15 ± 0.01 0.73 ± 0.09
Sayamamidori 0.12 ± 0.00 0.05 ± 0.01 0.09 ± 0.00 0.00 0.02 ± 0.00 0.00
Izumi 0.12 ± 0.00 0.00 0.06 ± 0.00 0.00 0.05 ± 0.00 0.00
Minekaori 0.11 ± 0.00 0.00 0.07 ± 0.00 0.00 0.07 ± 0.00 0.00
Yamakai 0.11 ± 0.00 0.24 ± 0.01 0.13 ± 0.00 0.38 ± 0.02 0.17 ± 0.00 0.79 ± 0.01
Ooiwase 0.11 ± 0.01 0.05 ± 0.00 0.10 ± 0.00 0.14 ± 0.01 0.07 ± 0.00 0.00
Tamamidori 0.11 ± 0.00 0.00 0.09 ± 0.01 0.00 0.07 ± 0.01 0.00
Gokou 0.11 ± 0.01 0.00 0.05 ± 0.00 0.00 0.06 ± 0.00 0.00
Okumidori 0.11 ± 0.01 0.26 ± 0.01 0.12 ± 0.00 0.41 ± 0.00 0.19 ± 0.00 0.83 ± 0.01
Asatsuyu 0.10 ± 0.01 0.00 0.06 ± 0.00 0.00 0.05 ± 0.01 0.00
Saemidori 0.10 ± 0.00 0.00 0.06 ± 0.01 0.00 0.04 ± 0.00 0.00
Sofu 0.10 ± 0.00 0.12 ± 0.00 0.09 ± 0.01 0.15 ± 0.00 0.15 ± 0.01 0.54 ± 0.01
Kuritawase 0.09 ± 0.00 0.13 ± 0.01 0.11 ± 0.00 0.20 ± 0.01 0.06 ± 0.00 0.18 ± 0.00
Samidori 0.09 ± 0.01 0.00 0.11 ± 0.01 0.00 0.03 ± 0.00 0.00
Fushun 0.09 ± 0.01 0.00 0.05 ± 0.00 0.00 0.04 ± 0.00 0.00
Asagiri 0.08 ± 0.01 0.10 ± 0.00 0.10 ± 0.00 0.17 ± 0.00 0.11 ± 0.00 0.55 ± 0.02
Fukumidori 0.08 ± 0.00 0.00 0.03 ± 0.00 0.00 0.03 ± 0.00 0.00
Toyoka 0.08 ± 0.00 0.00 0.05 ± 0.00 0.00 0.03 ± 0.00 0.00
Surugawase 0.07 ± 0.00 0.18 ± 0.01 0.18 ± 0.01 0.34 ± 0.01 0.20 ± 0.00 0.66 ± 0.01
Seishin-oolong 0.07 ± 0.01 0.00 0.06 ± 0.00 0.00 0.03 ± 0.00 0.00
Komakage 0.07 ± 0.00 0.00 0.04 ± 0.00 0.00 0.05 ± 0.01 0.04 ± 0.00
Meiryoku 0.07 ± 0.00 0.00 0.04 ± 0.00 0.00 0.06 ± 0.01 0.00
Minamikaori 0.07 ± 0.00 0.00 0.06 ± 0.00 0.00 0.04 ± 0.00 0.00
Shunmei 0.06 ± 0.00 0.15 ± 0.00 0.15 ± 0.00 0.24 ± 0.01 0.14 ± 0.01 0.52 ± 0.02
Okuyutaka 0.06 ± 0.00 0.00 0.04 ± 0.00 0.00 0.03 ± 0.00 0.00
Sakimidori 0.05 ± 0.00 0.14 ± 0.01 0.11 ± 0.00 0.44 ± 0.00 0.10 ± 0.01 0.38 ± 0.01
Yabukita 0.05 ± 0.00 0.00 0.05 ± 0.00 0.00 0.06 ± 0.00 0.00
Seishin-taipan 0.05 ± 0.00 0.26 ± 0.01 0.15 ± 0.01 0.56 ± 0.00 0.22 ± 0.01 1.30 ± 0.07
Harumidori 0.05 ± 0.00 0.00 0.05 ± 0.00 0.00 0.01 ± 0.00 0.00
Yaeho 0.17 ± 0.00 0.22 ± 0.01 0.14 ± 0.01 0.48 ± 0.04
Ohba-oolong 0.09 ± 0.03 0.31 ± 0.00 0.23 ± 0.00 0.95 ± 0.01
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cultivar.11 ECG3″Me content in ‘Benifuuki’ showed the same
trend as observed with EGCG3″Me, and the ECG3″Me content
increased in the rank order of third > second > first crop season.
Although the EGCG3″Me content of ‘Benifuji’ was almost the

same as that of ‘Benifuuki’, the ECG3″Me content of ‘Benifuji’ was
about half that of ‘Benifuuki’. We demonstrate that ECG3″Me in
‘Benifuuki’ varies in the same manner as EGCG3″Me content.
‘Benifuuki’ is rich in not only EGCG3″Me but also ECG3″Me.
As shown in Figure 3, the activity of ‘Benifuuki’ green tea infusion
(50 μg tannin) was greater than that of 50 μg of ECG3″Me.
Interestingly, ‘Benifuuki’ infusion included only 3.61 μg of
EGCG3″Me and 0.72 μg of ECG3″Me per 50 μg equivalent to
tannin. These results suggest that an unknown antiallergic sub-
stance or a synergistic effect with other substances might exist
in ‘Benifuuki’ green tea infusion. To clarify this point, further
experimentation will be initiated.
Previous studies have demonstrated antiallergic activity, using

the histamine-dependent PCA test, of a single oral dose of
50 mg/kg EGCG3″Me in ddY mice,6 as well as improvements
in the nasal symptoms of allergic rhinitis with ‘Benifuuki’ green
tea infusion containing 34 mg of EGCG3″Me in a double-blind
placebo-controlled trial.14 EGCG is the most abundant

polyphenol in tea leaves, and the major EGCG metabolites
found in the plasma of EGCG-treated mice were monomethy-
lated EGCG, monosulfated methyl EGCG, monoglucuronide
EGCG, and monoglucuronide methyl EGCG.24 Moreover,
4″-O-methyl-EGCG (EGCG4″Me) was identified as the major
monomethylated EGCG metabolite in mouse plasma,24

whereas in rats, the ECG metabolites were shown to be
(−)-epicatechin-gallate, 3′-O-methyl-ECG, 4′-O-methyl-ECG,
4″-O-methyl-ECG, and 3′,4″-di-O-methyl-ECG.25 Therefore,
the EGCG3″Me and ECG3″Me detected in plasma are likely
to be primarily derived from ingested material. On the other
hand, it has been reported that the maximum drug con-
centration (Cmax) for EGCG3″Me after oral administration of
‘Benifuuki’ green tea containing 8.5 mg of EGCG3″Me and
43.5 mg of EGCG was 12.4 ng/mL at 6 h compared with
16.3 ng/mL for EGCG at <1 h in a human trial.14 The delay in
the methylated EGCG (EGCG3″Me) achieving its Cmax might
suggest that it is formed in part by methylation of EGCG in the
liver. We have previously reported that EGCG4″Me inhibited
histamine release in BMMCs, with a rank order of inhibition of
EGCG3″Me > EGCG4″Me at a dose of 50 μg/mL.12 ECG3″Me
(0.07%) has an absorption rate similar to that of EGCG3″Me
(0.06%) in humans (unpublished data). According to HPLC
analysis of ‘Benifuuki’ tea leaves, ECG3″Me content is expected
to be approximately 15 mg in a ‘Benifuuki’ green tea infusion
containing 34 mg of EGCG3″Me. From these findings, the Cmax
of ECG3″Me is expected to be 21 ng/mL after oral administra-
tion of ‘Benifuuki’ green tea. In this study, we compared the
inhibition of histamine release by tea leaf catechins at 50 μg/mL,
a dose that was determined according to the results of our
previous in vitro study.12

In a previous study, EGCG, O-methylated EGCGs, or pro-
cyanidin C1 inhibited histamine release through the prevention
of tyrosine phosphorylation by cellular protein kinases.26−29 We
predict that ECG3″Me might also inhibit histamine release
through the suppression of tyrosine phosphorylation; therefore,
we are currently investigating whether or not ECG3″Me affects
signal transduction in mast cells.
These results suggested that ECG3″Me has greater histamine

release inhibitory activity than EGCG3″Me in vitro and that
‘Benifuuki’ green tea, which is rich in ECG3″Me and EGCG3″Me,
could be a valuable tea cultivar with antiallergic effects. The
present study was undertaken in an attempt to elucidate the
differences in in vitro inhibitory activity of ECG3″Me and
EGCG3″Me on histamine release, which has been shown to
have antiallergic effects in previous in vivo studies.6,7 Further
experimentation on the antiallergic effect of ECG3″Me at lower
doses, comparable to levels expected in vivo, should be initiated in
the future.
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Figure 4. Correlation between EGCG3″Me and ECG3″Me contents in
‘Benifuuki’ tea leaves. The test samples (256) were plucked in Shizuoka,
Kagoshima, Okinawa, and Ooita from the first to fourth crops of the
2006 season.

Figure 5. Inhibitory activity of various mixtures of EGCG3″Me and
ECG3″Me. Results are expressed as the percentage of histamine release
compared to vehicle after antigen stimulation (%) (n = 3, mean ± SD). 1,
EGCG3″Me 50 μg/mL + ECG3″Me 0 μg/mL; 2, EGCG3″Me 37.5 μg/
mL + ECG3″Me 12.5 μg/mL; 3, EGCG3″Me 25 μg/mL + ECG3″Me
25 μg/mL; 4, EGCG3″Me 12.5 μg/mL + ECG3″Me 37.5 μg/mL; 5,
EGCG3″Me 0 μg/mL + ECG3″Me 50 μg/mL; BF, ‘Benifuuki’ infusion
(as tannin content; 50 μg/mL). Mean values in columns not sharing
letters are significantly different by the Tukey−Kramer test (P < 0.01).
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■ ABBREVIATIONS USED
EC, epicatechin; C, catechin; EGC, epigallocatechin; GC,
gallocatechin; ECG, epigallocatechin-3-O-gallate; CG, catechin-
3-O-gallate; EGCG, epigallocatechin-3-O-gallate; GCG,
gallocatechin-3-O-gallate; EGCG3″Me, epigallocatechin-3-O-
(3″-O-methyl)-gallate; GCG3″Me, gallocatechin-3-O-(3″-O-
methyl)-gallate; ECG3″Me, epicatechin-3-O-(3″-O-methyl)-gal-
late; BMMC, bone marrow derived mast cells; PBS, phosphate-
buffered saline; BSA, bovine serum albumin.
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