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Inhibitory Effects of Tea Catechins and O-Methylated Derivatives of

(—)-Epigallocatechin-3-O-gallate on Mouse Type IV Allergy
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The inhibitory effects of tea catechins, the O-methylated derivatives of (—)-epigallocatechin-3-O-
gallate (EGCG), and the polyphenol extracts from tea leaves (Camellia sinensis L.) on oxazolone-
induced type IV allergy in male ICR mice were investigated. Four major tea catechins and two
O-methylated derivatives, (—)-epigallocatechin-3-O-(3-O-methyl)gallate (EGCG3"Me) and (—)-
epigallocatechin-3-O-(4-O-methyl)gallate (EGCG4"'Me), showed significant inhibitory effects on
mouse type IV allergy after a percutaneous administration at a dose of 0.13 mg/ear. Among tea
catechins, the compounds including galloyl moieties, such as EGCG and (—)-epicatechin-3-O-gallate
(ECG), showed the strongest inhibitory activities on mouse type IV allergy. The inhibitory activities
of EGCG3"Me and EGCG4''"Me were higher than that of EGCG at a dose of 0.05 mg/ear. Polyphenol
extract from tea leaves of Benihomare cultivar, which includes EGCG3" Me, strongly inhibited mouse
type 1V allergy after percutaneous administration in comparison with that from Yabukita cultivar,
which does not include EGCG3""Me, at doses of 0.05 and 0.13 mg/ear. EGCG3"Me is thought to
contribute, at least in part, to the inhibitory ability of Benihomare tea leaves on mouse type 1V
allergy. EGCG and the polyphenol extracts from Benihomare and Yabukita tea leaves also inhibited
mouse type IV allergy by oral administration at 1 h before the sensitization and at 1 h before the
challenge with oxazolone. Therefore, daily intake of tea drinks could have potential to prevent type

1V allergy.
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INTRODUCTION

Extracts from some kinds of teas (Camellia sinensis
L.), green, oolong, and black teas, are known to exhibit
antiallergic effects in rats, mice, and guinea pigs. The
antiallergic effects were thought to be due to some
components, catechins (Matsuo et al., 1997), flavonoids
(Toyoda et al., 1997), and saponins (Akagi et al., 1997),
in tea leaves and stems. The major catechins in tea
leaves are (—)-epigallocatechin-3-O-gallate (EGCG), (—)-
epicatechin-3-O-gallate (ECG), (—)-epigallocatechin
(EGC), and (—)-epicatechin (EC). These catechins were
reported to inhibit rat and mouse type | allergy (Shioza-
ki et al., 1994; Ohmori et al., 1995; Fukui et al., 1998).
We also reported the inhibitory effect of the O-meth-
ylated derivatives of EGCG, (—)-epigallocatechin-3-O-
(3-O-methyl)gallate (EGCG3"Me) and (—)-epigallocat-
echin-3-0-(4-O-methyl)gallate (EGCG4''Me), on mouse
type | allergy (Sano et al.,, 1999). EGCG3"Me and
EGCG4""Me were separated from Tong ting oolong tea,
a Taiwanese oolong tea product, and Benihomare cul-
tivar, one of the cultivars used for Japanese black tea.
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EGCG3"Me and EGCG4""Me inhibited type | allergy
more effectively compared with EGCG. Chemical struc-
tures of tea catechins, EGCG3"'"Me, and EGCG4"'Me are
summarized in Figure 1. The inhibitory effect of tea
catechins on type | allergy could be partly due to an
inhibition of the histamine release from animal mast
cells (Yamamoto et al., 1998; Ohmori et al., 1995) and
an inhibition of hyaluronidase activity in animal tissues
(Yamamoto et al., 1990). In contrast with the case of
type I allergy, only EGCG was reported as an available
catechin for the inhibition of mouse type 1V allergy (Abe
et al., 1995).

In the present study, we investigated the inhibitory
effect of catechins, EGCG3"'Me, EGCG4"'Me, and tea
polyphenol extracts on mouse type IV allergy and
discuss the important chemical structures in the polyphe-
nols for the antiallergic effect. For an animal model of
type 1V allergy, previously acquired delayed type reac-
tion, mouse contact hypersensitivity to oxazolone (4-
ethoxymethylene-2-phenyl-2-oxazolin-5-one) is often used
(Nakano, 1977; Nakamura et al., 1988). The formation
of ear edema with oxazolone as a simple hapten is
observed in this response, and the immunosuppressive
activity of various chemicals can be estimated using this
model. Therefore, we used oxazolone-induced mouse
type IV allergy for the evaluation of the antiallergic
effects of the samples.
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Figure 1. Chemical structures of tea catechins and the O-methylated derivatives of EGCG.

MATERIALS AND METHODS

Materials and Animals. Oxazolone was purchased from
Aldrich Chemical Co., Milwaukee, WI, and was used as a
sensitizer for type 1V allergy. EGCG, ECG, EGC, and EC were
purchased from Kurita Co., Tokyo, Japan. Gallic acid was
obtained from Wako Pure Chemicals Industry, Ltd., Tokyo,
Japan. EGCG3"Me and EGCG4'Me were prepared from
Benihomare and Tong ting tea leaves according to the method
described previously (Sano et al., 1999). Polyphenol extracts
from Yabukita and Benihomare cultivars were prepared as
follows. Tea was extracted with hot water for 30 min, and the
extract was passed through a porous polymer gel Mitsubishi
Diaion HP-20 column. The adsorbed material was eluted with
MeOH/H-0 (1:1) after a washing with water. The MeOH/H,O
(2:1) eluate was passed through an Amberlyst 15 column to
remove caffeine. The eluate was concentrated under reduced
pressure to give a polyphenol fraction. The catechin contents
in polyphenols were determined using an HPLC system
equipped with an electrochemical detector as described previ-
ously (Sano et al., 1999). Other chemicals used were of a
reagent grade. Male ICR 4-week-old mice were purchased from
Japan SLC, Inc., Shizuoka, Japan.

Determination of Mouse Type IV Allergic Response.
The determination of the type IV allergic response was
identified by the following procedures (Nakano, 1977; Naka-
mura et al., 1988). Briefly, the hair of the abdominal region of
the mice was carefully cut off, and 0.1 mL of a 0.5% oxazolone
solution in ethanol was applied to the skin. This operation was
called sensitization. Five days after the sensitization, 20 uL
of a 0.5% oxazolone solution in acetone was applied to both
sides of the mouse’s right ear. This operation was called
challenge. Twenty-four hours after the challenge, mice were
killed under anesthesia with diethyl ether. The circular parts
(5.0 mm in diameter) of both ears of mice were removed using
a punching apparatus. The weights of the right ear (WR) and
left ear (WL) were measured.

In cases of percutaneous administration of the samples to
mice, catechins, EGCG3"Me, EGCG4''Me, gallic acid, and tea
polyphenol extracts were dissolved in an oxazolone/acetone
solution at the challenge, and the dose was 0.05 or 0.13 mg/
ear. Hydrocortisone, a well-known steroid-type anti-inflam-
matory agent, was also assayed. Control experiments were
performed with the solvents alone used for the dissolution of
the samples.

In cases of oral administration of the samples to mice, tea
polyphenol extracts were dissolved in 0.5% tragacanth gum
solution and administered orally to mice at 1 h prior to the
sensitization or challenge. The dose of tea polyphenol extracts

Table 1. Effect of the Percutaneous Administration of
Tea Catechins, Gallic Acid, and the O-Methylated
Derivatives of EGCG on Oxazolone-Induced Type IV
Allergy in 5-Week-Old Male ICR Mice

sample

dose (mg/ear) ear swelling ratio® (%)

control (oxazolone only) 100.0 + 3.7
steroid-type anti-inflammatory agent as positive control
hydrocortisone 0.05 26.8 + 9.5** (73.2)
0.13 16.2 + 1.9** (83.8)

polyphenolic compounds

EGCG 0.05 103.4 £ 13.6 (—3.4)
0.13 12.0 £ 1.5** (88.0)
ECG 0.05 101.1 +11.7 (—1.1)
0.13 37.8 £ 7.4** (62.2)
EGC 0.05 116.6 &+ 14.9 (—16.6)
0.13 53.7 + 11.1* (46.3)
EC 0.05 94.9 + 16.4 (5.1)
0.13 52.3 + 11.2* (47.7)
gallic acid 0.05 91.7 £ 7.9 (8.3)
0.13 70.5 £ 5.7** (29.5)
EGCG3"Me 0.05 63.8 £+ 10.0** (36.2)
0.13 26.8 £ 6.4** (73.2)
EGCG4"'Me 0.05 58.4 £ 4.7** (41.6)
0.13 22.4 £ 6.9** (77.6)

2 Values are the mean + SE, n = 5. Statistically significant
difference from the control value: *, P < 0.05; **, P < 0.01.
Numbers in parentheses represent percentage inhibition of type
1V allergy, which was calculated using the following equation:
percentage inhibition = 100 — ear swelling ratio.

was 10, 50, or 100 mg/kg of body weight, respectively. Control
experiments were performed using 0.5% tragacanth gum
solution.

The ear swelling ratio was calculated using the following
equation:

ear swelling ratio (%) = [(WRmpie = Wkeampie)/ WL sampiel/
[(WRcontroI - WLcontroI)/WLcontrol] x 100.

Statistical Analysis. Statistical analysis in this study was
tested using the nonparametric Mann—Whitney U test.

RESULTS AND DISCUSSION

Inhibitory effects of tea catechins, gallic acid, and the
O-methylated derivatives of EGCG, EGCG3""Me, and
EGCG4"Me on type IV allergy in ICR mice after
percutaneous administration are shown in Table 1. All
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Table 2. Catechin Contents of Tea Leaves and the Polyphenol Extracts®
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sample EGCG GCG ECG EGC EC EGCG3"Me total catechins
% of Dry Weight of Tea Leaves
Yabukita 9.22 0.36 1.78 3.45 0.97 NDP 15.78
Benihomare 10.09 0.41 2.36 4.43 1.08 0.50 18.87
% of Dry Weight of Polyphenol Extracts
Yabukita 34.66 10.10 10.02 5.96 10.59 tre 71.33
Benihomare 38.75 13.77 15.53 6.88 7.83 3.90 86.66

aValues are the means of duplicate determinations. ® ND, not detected (<0.01%). ¢ Trace.

tea catechins used significantly inhibited the mouse type
IV allergy at a dose of 0.13 mg/ear. The inhibitory effects
of ECG, EGCG3"Me, and EGCG4"Me on mouse type
IV allergy were slightly weaker than that of hydrocor-
tisone used as a positive control at this dose. The
inhibitory effect of EC on mouse type IV allergy was
similar to that of EGC; therefore, the 3',4'5'-triol
structure in the B ring of EGC could not be important
for the antiallergic effect. However, inhibitory effects
of EGCG and ECG on mouse type 1V allergy were higher
than those of catechins without the galloyl moieties,
EGC and EC. This indicates that the galloyl moieties
of EGCG and ECG contribute to the inhibitory effect
on type 1V allergy. Gallic acid significantly inhibited the
mouse type IV allergy, although more weakly than
EGCG and ECG at a dose of 0.13 mg/ear. Therefore,
not only the galloyl moieties in catechins but the
flavanol or flavane structures would be important for
the inhibitory effects on mouse type 1V allergy. One of
the hydroxyl groups in the galloyl moieties of EGCG is
methylated in EGCG3"Me and EGCG4""Me. However,
inhibitory effects of EGCG3"Me and EGCG4"'Me were
not lowered compared with their parent compound,
EGCG, at a dose of 0.13 mg/ear. Inhibitory effects of
EGCG3"Me and EGCG4"'Me on type 1V allergy were
stronger than that of EGCG at a dose of 0.05 mg/ear. It
was reported that the metabolites of (+)-catechin were
more stable compared with (+)-catechin in human
plasma (Hackett and Griffiths, 1983). We have previ-
ously demonstrated that the inhibitory effects of
EGCG3"Me and EGCG4"Me on mouse type | allergy
were stronger than that of EGCG (Sano et al., 1999).
EGCG is known to be unstable and is degraded easily
in animal bodies. However, EGCG3""Me and EGCG4''Me
were more stable than EGCG in mouse plasma in anin
vitro study, and the flavanol structures could have
remained in the animal bodies. Therefore, the high
inhibitory activities of EGCG3""Me and EGCG4''Me on
mouse type | and type IV allergies are thought to be
associated with the stability of the O-methylated de-
rivatives of EGCG in animal bodies.

EGCG3"Me and EGCG4"'Me, which were stronger
antiallergic agents than EGCG, are known to be in-
cluded in Tong ting oolong tea, and EGCG3"Me was
included in the Benihomare cultivar, classified as Assam
hybrids, whereas they are not detected in the Yabukita
cultivar, which accounts for >90% of the green tea
manufactured in Japan, as shown in Table 2. The
content of EGCG in the polyphenol extract from Beni-
homare tea leaves was slightly higher than that from
Yabukita tea leaves, as shown in Table 2. Table 3 shows
the percutaneous administration of tea polyphenol
extracts from Yabukita and Benihomare tea leaves
inhibitied the mouse type IV allergy. The extract from
Benihomare tea leaves, which included EGCG3"Me,
showed a strong inhibitory effect on mouse type IV
allergy compared with that from Yabukita tea leaves,
which did not include EGCG3"Me, at both doses, 0.05

Table 3. Effect of the Percutaneous Administration of
Tea Polyphenolic Extracts on Oxazolone-Induced Type
1V Allergy in 5-Week-Old Male ICR Mice

sample dose (mg/ear) ear swelling ratio? (%)

control (oxazolone only) 100.0 + 3.7

tea polyphenolic extracts

Yabukita 0.05 104.6 + 16.8 (—4.6)
0.13 31.7 + 5.3** (68.3)
Benihomare 0.05 55.5 £+ 11.9* (44.5)
0.13 12.4 £+ 2.0** (87.6)

2 Values are the mean + SE, n = 5. Statistically significant
difference from the control value: *, P < 0.05; **, P < 0.01.
Numbers in parentheses represent percentage inhibition of type
1V allergy, which was calculated using the following equation:
percentage inhibition = 100 — ear swelling ratio.

Table 4. Effect of Oral Administration of Polyphenol
Extracts of Yabukita and Benihomare on
Oxazolone-Induced Type IV Allergy in 5-Week-Old
Male ICR Mice

sample dose (mg/kg of BW)  ear swelling ratio? (%)

control (oxazolone only) 100.0 + 3.7
single application at 1 h before the sensitization

Yabukita 10 97.6 +30.1 (2.4)
50 87.8 + 16.5 (12.2)
100 67.5 + 10.8* (32.5)
Benihomare 10 39.4 4+ 8.2** (60.6)
50 80.6 + 17.4 (19.4)
100 90.3 +18.8 (9.7)
single application at 1 h before the challenge
Yabukita 10 92.4 + 14.8 (7.6)
50 45.5 £ 9.8** (54.5)
100 41.8 + 8.4** (58.2)
Benihomare 10 42.2 + 8.7** (57.8)
50 52.6 + 14.2* (47.4)
100 72.6 £ 9.0* (27.4)

2 Values are the mean + SE, n = 5. Statistically significant
difference from the control value: *, P < 0.05; **, P < 0.01.
Numbers in parentheses represent percentage inhibition of type
IV allergy, which was calculated using the following equation:
percentage inhibition = 100 — ear swelling ratio.

and 0.13 mg/ear. Because of the strong inhibitory effect
of EGCG3""Me on mouse type 1V allergy, this compound
is thought to contribute, at least in part, to the ability
of Benihomare tea leaves.

The inhibitory effects of the oral administration of tea
polyphenol extracts prepared from Yabukita and Beni-
homare tea leaves on mouse type IV allergy were
investigated, and the findings are presented in Table
4. In the oral administration at 1 h before the challenge,
both tea extracts showed significant antiallergic effects
at a dose of 50 mg/kg of body weight, and Benihomare
extract at a dose of 10 mg/kg of body weight showed
the most significant antiallergic effect. However, a dose-
dependent manner was not observed in the antiallergic
effect of Benihomare extract. Oral administration of tea
polyphenol extracts at 1 h before the sensitization also
caused significant inhibition of mouse type IV allergy
at 100 mg/kg of body weight of Yabukita and at 10 mg/
kg of body weight of Benihomare, as shown in Table 4.
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The finding suggests that tea polyphenol extracts could
also suppress the early immune process in type IV
allergy induction. The reasons for the non-dose depen-
dency for Benihomare polyphenols administered orally
to mice are unknown, and further investigations are
necessary. We have previously found that the polyphe-
nol extracts from Benihomare exhibited strong inhibi-
tory effects on mouse type | allergy at a lower dosage
(5 mg/kg, p.o.) than did Yabukita (Sano et al., 1999). It
is expected that the optimal dose for the inhibitory effect
on type 1V allergy would exist in oral administration of
tea polyphenols. The optimal dose of Benihomare
polyphenols may be around 10 mg/kg.

Very few studies on the mechanisms for the inhibitory
effect of tea catechins on type IV allergy have been
reported. The difficulty of such an investigation would
be due to the complexity of the type 1V allergic response
(Florentin et al., 1982). In a typical type 1V allergic
response mediated by appropriately sensitized lympho-
cytes, early and predominant mononuclear cell infiltra-
tion probably occurs (Dietrich and Hess, 1970; Evans
et al., 1971). Furthermore, the inflammation by ox-
azolone sensitization could be mediated by lymphokine,
cytokine, and histamine, the metabolites of arachidonic
acid with 5-lipoxygenase and cyclo-oxygenase (Naka-
mura et al., 1988). The inhibitory effects of tea polyphe-
nol extract on the activities of lipoxygenase and cyclo-
oxygenase in the mouse ear (Katiyar et al., 1993) and
on the release of histamine from the mast cells (Ohmori
et al., 1995; Yamamoto et al., 1998) would partly
contribute to the anti-inflammatory effect. However,
some active oxygen species, superoxide anion radical,
hydrogen peroxide, and hydroxyl radical produced from
these free radicals and iron in the Fenton reaction or
the Harber—Weiss reaction, play an important role in
the process of inflammation (Britigan et al., 1994;
Ramos et al., 1995). Tea catechins are well-known as
natural antioxidants, especially as an iron chelators and
free radical scavengers (Salah et al., 1995; Rice-Evans
et al., 1996; Kondo et al., 1999; Yoshino et al., 1999).
They could show antioxidative activity in vivo (Yoshino
et al., 1994; Zhang et al., 1997; Silva et al., 1998;
Nakagawa et al., 1999) and inhibit inflammation (Wei
et al., 1993; Katiyar et al., 1995). Part of their anti-
allergic effects may be due to their anti-inflammatory
effects. However, the antiallergic effects of tea catechins
and the O-methylated derivatives of EGCG could not
be explained from their anti-inflammatory effects alone,
because they inhibited mouse type IV allergy by oral
administration before sensitization. Further investiga-
tions are necessary to clarify the mechanisms of the
inhibitory effects of tea catechins and the O-methylated
derivatives of EGCG on mouse type IV allergy. Tea is
one of the most popular beverages in the world; there-
fore, the findings of the present study indicate that daily
intake of tea drinks, especially Benihomare tea infusion,
is thought to have the potential to prevent type IV
allergy.

ABBREVIATIONS USED

EGCG3"Me, (—)-epigallocatechin-3-O-(3-O-methyl)-
gallate; EGCG4"'Me, (—)-epigallocatechin-3-O-(4-O-
methyl)gallate; EGCG, (—)-epigallocatechin-3-O-gallate;
ECG, (—)-epicatechin-3-O-gallate; EGC, (—)-epigallocat-
echin; EC, (—)-epicatechin.
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