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| NHI BI TORY ACTIVITY AND/ OR ANTI OXI DANT ACTI VI TY TECHNI CAL FI ELD [0001]
This invention relates to epigallocatechin dinmers or triners having |lipase
inhibitory activity, and foods and beverages that have those diners or
trinmers incorporated therein. The invention also relates to

epi gal l ocatechin diners or trimers_having antioxidant action, and foods and
beverages that have those di mers oPPEGIFECRTIMor porated therein. The
invention further relates to processes for prodUC|ng t hose epigal |l ocat echin
dimers and triners. BACKGROUND ART [0002] Lipase Inhibitor Wth the recent
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hosul o ) BeHGRaL ers . Rinshou Eiyou 2001, 98(5)577-588).

[0001]

This invention relates to epigallocatechin dimers or
trimers having lipase inhibitory activity, and foods and
beverages that have those dimers or trimers incorporated
therein. The invention also relates to epigallocatechin
dimers or trimers having antioxidant action, and foods and
beverages that have those dimers or trimers incorporated
therein. The invention further relates to processes for

producing those epigallocatechin dimers and trimers.

BACKGROUND ART
[0002]

Lipase Inhibitor

With the recent westernization of life style in Japan,
the intake of high-fat meals by the Japanese people is ever
increasing. According to the 1999 Japanese national nutrition
survey, the energy intake of the Japanese people has been
decreasing each year but yet their lipid energy ratio has
exceeded the normal levels of about 25%. Also, 50-60% of
people aged over 60 have been found to have higher-than-normal
neutral fat and cholesterol levels (Ministry of Health, Labor

and Welfare, "1999 National Nutrition Survey Results



[ 0003] Obesity is one of the npst serious conditions in nodern society and
Is mainly ascribed to excessive intake of |ipids. Besides obesity,
excessive lipid intake is known to cause the onset of associated di seases

i ncl udi ng di abetes, hyperlipema, hypertension, and arteriosclerosis. The
only drug that has been approved in Japan for treating obesity is the
appetite suppressant Mazindol (registered trademark) but Mazindol has been
reported tMEAKZed de BTy é“tKFHJ 20Uy U778 i pation, disconfort
in the stomach,. vomturition or nausea, etc. (R nsho Hyoka, 1985, 13(2),

pp. 419-499003hsho Hyoka, 1985, 13(2). pp. 461-515). Qutside Japan,
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suppressant Mazindol (registered trademark) but Mazindol has

been reported to cause side effects such as dry mouth,
constipation, discomfort in the stomach, vomiturition or
nausea, etc. (Rinsho Hyoka, 1985, 13(2), pp. 419-459; Rinsho
Hyoka, 1985, 13(2), pp. 461-515). Outside Japan, Zenical
(registered trademark), a drug having sufficient lipase
inhibitory activity to suppress intestinal fat absorption, is
on the market for treating obesity, but Zenical has also been
reported to cause various side effects such as fatty stools,
frequent bowel movements, loose passage, diarrhea,
stomachache, etc. (Lancet, 1998, 352, pp. 67-172).

[0004]

Another way that is known to be effective in preventing
obesity is to reduce caloric intake through a diet regimen.
However, this approach requires strict nutritional guidance
and control and, hence, is difficult to implement in everyday
life. Therefore, if body absorption of meal-derived fat could
be suppressed in a safe and healthy manner, a practical and
effective measure could be offered for treating obesity and

associated diseases and promoting health.



[ 0005] Under the circunstances, attention is being drawn to the devel opnment
of "foods for specified health uses" which have been proven to be safe and
effective in humans. Foods for specified health uses that have been sold to
date as having the ability to suppress t3he i ncrease of postprandial serum
neutral fat levels include a globin digest that suppresses fat absorption
by inhibitin pancreatlc | i pase (J. Nutr. 1988, 128, pp. 56-60; Journal of
Nutriti ondi®%8&lence and Vi tam nol ogy, 1999, 52(2), pp. 71-77; KenkouEi you
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tannin derived fromplant bark (JP 60 tannlns avonol ds and

gl ycosi degyduannaf foﬁ"l? Al oM g Nehded e | BIpEROOUS. Phart, (Pggi a nomane
(JP 8-259557 A), lipid absorption suppressing

128, pp. 56-60; Journal of Nutritional Science and
Vitaminology, 1999, 52(2), pp. 71-77; Kenkou‘'Eiyou Shokuhin
Kenkyu, Japan Health Food & Nutrition Food Association, 2002,
5(3), pp. 131-144), diacyl glycerol having different
digestion/absorption characteristics compared to triacyl
glycerol (J. Am. Coll. Nutr. 2000, 19(6), pp. 789-796; Clin.
Chim. Acta. 2001, 11(2), pp. 109-117), and eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA) that are purified
from fish oil. 1In order to suppress the absorption of dietary
fat using the foods for specified health uses listed above, it
is desirable that they are ingested together with meals.
However, it is predicted that the foods listed above may
affect the flavor of food and beverage to be taken in with the
above-listed foods.
[0006]

Some polyphenols are known to have activity in inhibiting
lipase. Among the examples reported so far are tannin derived
from plant bark (JP 60-11912 B), tannins or flavonoids and

glycosides thereof that are contained in the leguminous plant

Cassia nomame (JP 8-259557 A), lipid absorption suppressing



- 4 foods having incorporated therein epigallocatechin gallate and

epi cat hechin gallate that are the nmain conponents in green tea (JP 3-228664
A), lipase inhibitors conprising water extracts of green pepper, shingji
mushroom punpkin, Gifola frondosa, Sargassum fusifornme (Harvey) Setchell,
green tea or oolong tea (JP 3-219872 A), flavone and flavonols (JP 7-61927
A), hydroxybenzoic acids (gallic acid) (JP 1-102022 A), triterpene
conmpounds &arfls fEvinerincaiRa e thexssigy enigahpcakrfabesgallakegand
contai ning procyanidin of tamarind as an_active ingredient (JP 9-291039 A).
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addition, the subjects show ng high blood neutral fat |evels exhibited
antiobesity drugs containing procyanidin of tamarind as an
active ingredient (JP 9-291039 A). Also known are lipase
inhibitory action of grape seed extract (Nutrition, 2003, 19,
(10), pp. 876-879), the lipase inhibitory action of Salacia
oblonga derived polyphenols and their antiobesity action in
rat (J. Nutr., 2002, 132, pp. 1819-1824) and the antiobesity
action of oolong tea extract in mouse (Int. J. Obes., 1999,
23, pp. 98-105).
[0007]
The lipid lowering effect of oolong tea has been reported
by many researchers. In one report, subjects were allowed to
drink commercial oolong tea in 1330 ml portions daily for six
weeks to show a significant drop in blood neutral fat levels
(Journal of Nutritional Science and Vitaminology, 1991, 44(4),
PpP. 251-259) and in another, 102 male and female subjects with
simple obesity were orally administered oolong tea (2 g x
4/day) for six consecutive weeks and a weight loss of at least
1 kg was observed in 67% of the subjects and, in addition, the

subjects showing high blood neutral fat levels exhibited

significant improvements after ingesting oolong tea (Journal



significant inprovenents after ingesting oolong tea (Journal - 5 of The
Japanese Society of Clinical Nutrition, 1998, 20(1), pp. 83-90). Non-patent
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Survey Results Summari zed" Rinshou EiyQu 2001, 98(5)577-588 Non-patent
docunent 2: Rinsho Hyoka, 1985 13(2), pp. 419-459 Non-patent docunent 3:
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DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
{o008]

The previously reported lipase inhibitors shown above are
by no means satisfactory in their efficacy. Even if the
extract of a certain plant is shown to be effective, its
lipase inhibitory activity is difficult to maintain in a
consistent way unless the amount of the active ingredient in
the plant extract is clarified, because the extract is of
natural origin.

[0009]

In addition, a lipase inhibitor derived from a plant that
does not suit many consumers' taste is most likely to affect
the flavor of food or beverage in which it is incorporated.
Hence, lipase inhibitors originating from tea that suits many
consumers' taste can be promising candidates. On the other

hand, if one wants to lower the lipid level with oolong tea



consuners' taste can be prom sing candidates. On the other hand, if one
wants to lower the lipid level with oolong tea - 7 that suits nmany
consuners' taste, it has to be drunk in large enough quantities to prove
effective but this is not practical inr gveryday life. Supplying a sinple
concentrate of oolong tea is not a practical nmethod, either, since it has

too much |ttern%§s and pungenc al.so hi caffelne ontent 0010] An
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i nvention fightgq Provi de foods and beverages that have the lipase inhibitors
of the |nvent|on I ncorporated therein. [0014] Yet another object of the

present inventig) dsjdcx Prieréore, of the present invention is to
provide a lipase activity inhibitor that shows high inhibitory
activity against pancreatic lipase to suppress the absorption
of meal-derived triglyceride and/or which contributes to
suppressing and preventing obesity.
[0011]

Another object of the present invention is to provide a
lipase inhibitor of oolong tea origin that suits many
consumers' taste and which will not impair the flavor of the
food or beverage when incorporated therein.

[0012]

Still another object of the present invention is to
provide processes for producing said lipase inhibitors.
[0013]

A further object of the present invention is to provide
foods and beverages that have the lipase inhibitors of the
invention incorporated therein.

[0014]

Yet another object of the present invention is to provide
an antioxidant that can prevent a variety of conditions
resulting from active oxygen including, for example, life-

style related diseases such as hypertension, diabetes and



an antioxidant that can prevent a variety of conditions resulting from

active oxygen including, for exanple, life- style related diseases such as
hypert ensi on, diabetes and - 8 hyperlipem a, cardi ac di seases such as
arteriosclerosis, and aging and cancer. g Q015] A still further object of

the present invention is to provide a |ipase inhibitor and/or an
antioxidant, an effective anount of which can be correctly incorporated in
f oods or hypetldigreniaEANS HGT SUSENG STHRIGRGE: EMtef posslerosis, and

Epi gal | ocat hechin dinmers and triners As neans for attaining those objects,

t he presem9inhA GFa9¥und i ngredients in ool ong tea that inhibited
pancreatic |ipase essential to fat absorption. The present inventors

eval uat ed k9fEt3} pase inhibitory activity of the various polyphenols present

in oolong tea and found_ that an _  epigal)]ocatechin djiner of the fol] ow ng

Structure | n il it LEp o SRR B {0 R he R UGt P8 48 hbShyl ane

aroup | LN QA o el de CTURIBN: 1 "8 P %n Cdn PLBREALAEM h 002t ive
amount of which can be correctly incorporated in foods or

beverages.

MEANS FOR SOLVING THE PROBLEMS
[0016]

Epigallocathechin dimers and trimers

As means for attaining those objects, the present
inventors found ingredients in oolong tea that inhibited
pancreatic lipase essential to fat absorption. The present
inventors evaluated the lipase inhibitory activity of the
various polyphenols present in oolong tea and found that an
epigallocatechin dimer of the following structure in which
epigallocatechin units are polymerized via a methylene group
that bridges their chroman rings at 6- or 8-position:

[0017]

[Formula 1]

OH

”OD\“ 0" “MCOH  OH
HO CH, QOH
\@)"IORZ

OH



HOCH2 OH OH HO/0 IOH '"OR2 OH 9 - EO00181 wherein R1 and R2 are each

I ndependently H or a galloyl group, had high inhibitory activity. [0019]
Preferred dinmers of the present invention are conpounds represented by the
following forrmulas: [0020] [Forrmula 2. gH_. ROH OHHO OOH HO O OH OH CH
HC'OCHz &Hz OHR HOOHHOI OOOHHOI OOHOH~~ OH~OYYROO
1: R=galloYl ~ OHz OHOH2: R- =RE=galloyl 5. R=H 6: Rl1=RE=H [0021]

whi ch ar e [88¥&1g honobi sfl avan A(1), ool ong homobi sfl avan

wherein R; and R, are each independently H or a galloyl group,
had high inhibitory activity.
[0019]

Preferred dimers of the present invention are compounds
represented by the following formulas:
{0020]

[Formula 2]

R OH
o.

Eh, OH
HO Ho_L_O_.
OH N\ OH

0

OH OH SO
ogwi;r R2/0 OH
1: R=galloyl OH OH

OH 2: R;=R,=galloyl

5: R=H
6: R=R,=H

[0021]
which are oolong homobisflavan A(1l), oolong homobisflavan
B(2), monodesgalloyl oolong homobisflavan A(5), and
didesgalloyl oolong homobisflavan B(6).
[0022]

According to the present invention, a novel, synthesized
epigallocatechin dimer, named oolong homobisflavan C(3):
[0023]

[Formula 3]



B(2), nonod
honobi sfl av
synt hesi zed

esgal | oyl
an B(6). [0022]
epi gal | ocat echi n di ner,

ool ong honobi sfl avan A(5),
According to the present

and didesgal | oyl
i nventi on,

ool ong

a novel ,

naned ool ong honobi sflavan C(3):

HOO A OHH2C OH 0 Y- CH

[0023] [Fornula 3] 10 - OH OH OH HO 0_ 1y, OH HO
a.. \l HO~. OOHOH OH HO'lY OH [00241 al so had high |ipase inhibitory
activity. [0025] Also according to the present invention, an

epi gal | ocatechin trinmer of the foll owi fHstructure in which
epi gal |l ocatechin units are pol ynerize

their chroman 6hngs at 6- apgy.or_SpPos

0 (0]

s,

[0024]

OH

L,

OHet hyl ene groups
on:

)\[;:[OH
OH

OH

also had high lipase inhibitory activity.

[0025]

Also according to the present invention,

an

that bridge

[ 00261 [ Fornul a 4]

epigallocatechin trimer of the following structure in which

epigallocatechin units are polymerized via methylene groups

that bridge their chroman rings at 6- and/or 8-position:

[0026]

[Formula 4]

OH
R;0.

HO. 0™ oH
HO CH,
OH HO

OH
/VTCHZOH

HO Y 0

-~ OH
oRsL Ion

OH

[0027]

O
"OR,

OH

o
OH

wherein R;, R, and Rs are each independently H or a galloyl

group, also had strong lipase inhibitory activity.



OH R30', HO~0~11 OHOH HOt CH2 OH OHHO O .:, OHOH OR4 CH2 OH |
HOY O- OH ORS OH OH [00271 wherein R3, R4 and R5 are each independently

H or a galloyl group, also had strong lipase inhibitory activity. - 11 -
[0028] A preferred epigallocatechin trimer 4s a conpound represented by the
following fornmula: [00291 [Formula 5] OH HOHOI OCHa. ,1 HO~: OCOH

HO | CH2 ?UOS@]

A preferred epigallocatechin trimer is a compound
represented by the following formula:
[0029]

[Formula 5]

”°©Y
H O oH
°’0¢L
0
(0] OH OH
HO OH [iIOH
0. o

o

I

H
‘0
CH
o OH
Ei 0|-| OH
0_0 OH
OH
HO OH
OH ,
[0030]

which is named as compound (4).

Production of epigallocatechin dimers and trimers

The epigallocatechin dimers of the present invention can
mostly be synthesized or purified for recovery by methods well
known to skilled artisans. For example, oolong homobisflavan
A(1l) and B(2) which are both epigallocatechin dimers can be
synthesized by the method described in Chem. Pharm. Bull
37(12), 3255-3563 (1989), whereas monodesgalloyl oolong
homobisflavan A(5) and didesgalloyl oolong homobisflavan B(6)

can be recovered from tea leaves by the method described in



OHHOI O0-""OH OHCH2 OHO I-OH HOB10 OHOHOH OO1 "("OH hOH HO ~ OH
OH [0030] which is naned as conpound (4). Production of epigallocatechin
dinmers and triners The epigallocatechin dinmers of the present invention can
nostly be synthesized or purified for regpvery by nmethods well known to
skilled artisans. For exanple, ool ong honmobi sflavan A(1) and B(2) which are

bot h epi gal | ocatechin dinmers can be %%nthesized by the nethod described in
Chem Phafhemsyfhargz Ball 3745 95632 63 i8S nonodesgal | oyl ool ong

honobi sf | ?vag A(5) and didesgal | oyl ool ong honobi sfl avan B(6) can be
recover ed (P95t ea | eaves by the nethod described in - 12 Chem Pharm Bull

37(12), 3255-3563 (,1989).. 1] The triners of, the present inyentiqQn are
produced by t hg‘%ef (%Irll&ﬁ}rﬁg 0;[3698: d RS KPR, FH%"‘{H‘EFQ%&% ﬁ’iﬁ a
process incl gdi ng the stedo of react i)ﬂ%’fl van- 3- ol.s such. as

epi gal | oc&CEHAATS. BIPGEE ( 7 Pt ¥ oMU SRHLT PRI AN Buch as

met hanol %Eo%%@%nQEbﬂﬂayﬁazyﬂé/éggﬂ“g¥ﬂreééking flavan-3-o0ls such as

epigallocatechin-3-0O-gallate (7) with formaldehyde in a
solvent such as methanol or ethanol, preferably methanol, in
the presence of an acid'such as hydrochloric acid or sulfuric
acid, preferably 0.01N hydrochloric acid. The reaction
temperature is not limited to any particular value as long as
the starting materials and the product are stable but it is
preferred to carry out the reaction at room temperature.
Alternatively, the trimers can be produced by dissolving
flavan-3-0l such as epigallocatechin-3-O-gallate (7) in
dimethyl sulfoxide (DMSO) and heating the solution. The
heating reaction conditions are not limited in any particular
way as long as the starting materials and the product are
stable but the reaction is preferably carried out at
150-200°C, more preferably at 180°C, for a period that is
preferably between 1 and 30 minutes, more preferably for 15
minutes. The concentration of formaldehyde in the reaction
solution is preferably 3-37 w/v%&. The resulting product may
optionally be esterified, hydrolyzed or otherwise treated to
make derived forms.
[0032]

The methods described above for producing the trimers are
also suitable for producing the dimers. For example, as will

be later described in Example 3, some dimers including novel



t he presence of an acid such as hydrochloric acid or sulfuric acid,
preferably 0. OLN hydrochloric acid. The reaction tenperature is not limted
to any particular value as long as the starting materials and the product
are stable but it is preferred to carry;9ut the reaction at room
tenperature. Alternatively, the trimers can be produced by dissol ving
flavan-3-0l such as epigallocatechin-3-Ogallate (7) in dinethyl sulfoxide
(DVBO) an&offeRdisid avian S;J(I:Ut e Beed iy thess ingthesdtti ti ons are not
limted in any particular way as long as the starting materials and the
product are stable but the reaction is preferably carried out at 150-200C,
nore preferably at . 180 for period that is preferably between 1 and 30
m nut es, gsérb.g?g’%?RXHaﬁﬁ}v%ﬁxnnes. The concentration of formal dehyde

in the reactio sQlution 4.s ferably 3-37. W v%, The resulting product may
optionally be gg’teercloﬂpé’dl,n‘#yac&;)letyhzeecpro‘%/se&thelfwes%tJt%;taevae tj‘]olpar%ke deri ved
forms. [O 1o t . Jdescri he bove for_producin he trinmers are

al so sui tgg)%]elbflga%ar oﬁ}é&fiﬁlg 'hglddibpnaf(:rrt?%cqﬁoarr e aaon%cfre%atalscgvéjrqas%e | at er

descri bed ;iR . . di mers including novel - 13 honobisflavan C(3)
wer e proddggﬂﬁﬁéﬁﬁloégﬂﬁ%t ds. Lipase inhibitory activity The conpounds of

t he preseqbob@wention have |ipase inhibitory activity, in particular
pancreatic lipase inhibitory activity. [0033]

Lipase inhibitory activity can be measured by any one of

the lipase activity assays that are described in the prior
applications mentioned in the Background Art. As for
inhibitory activity against pancreatic lipase, an oleic ester
of fluorescent 4-methylumbelliferone may be used as a
substrate to measure the fluorescence from
4-methylumbelliferone that is formed by reaction with the
lipase. The amount of a sample that provides 50% inhibition
of lipase activity (ICss) may be substituted to express lipase
inhibitory activity in accordance with the usual method.
[0034]

As will be shown in Example 1, compounds of the present
invention had very low ICsq values against pancreatic lipase as
compared with the known lipase inhibitor epigallocatechin-3-0O-
gallate (7).

[0035]

Therefore, the lipase inhibitors of the present invention
can be used in smaller amounts than the heretofore known
lipase inhibitors of natural origin and can yet suppress body
absorption of meal-derived fat, thereby suppressing the

elevation of blood neutral fat and/or preventing obesity.



Li pase inhibitory activity can be neasured by any one of the |ipase
activity assays that are described in the prior applications nentioned in

t he Background Art. As for inhibitory activity against pancreatic |ipase,
an oleic ester of fluorescent 4-methyluppelliferone may be used as a
substrate to neasure the fluorescence from 4-nethylunbelliferone that is
formed by reaction with the |ipase. The anmpbunt of a sanple that provides
50% i nhi bitiinste e |qqmpungds jaf tthg [IERHemnyinentinn jaxe colf tmatwpakss
lipase inhibitory activity in accordance with the usual nmethod. [0034] As
will be siddim BhapifeatunefahEaiits Hevrksand arg el babhadfe®ery | ow
| C50 val ues agai nst pancreatic lipase as conpared with the known |ipase

i nhi bi t or d@dilg’alarntﬂ/é}re(ﬂﬁ%@@d gdtiake §7)thatoddmy canreiiRittHee | i pase

i nhibitors, of the present inventiqgi_can be used in smaller ambunts than the
her et of or e”}{tr‘?d()é]?d 15 S¥rhi bit GG e BRAYP LT P ahhG RTEIFRT ess
body absarptian of al.-derjved fat, thereby s ressing the _elevation of
bl ood neutllrg’fer’fthtoréﬁ"gﬁocrh At R Tig _c}/n_g Lﬁépa ‘—‘Hf:eeg’fl'hee LLVARERR of
the present. inventl e tggﬂ t(ggéﬁrn they feature high safety

tion ar f n
| evel s antffarseu%ulir{gaﬁrfogs% ocroonsd%%ely and/’or~ prol onged i ntake so that they can

exhibit the intended efficacy. In addition, the conpounds of the present
i nvention which originate from ool ong tea have the advantage of suiting

most CONSWIR Sx it activity

The present inventors also found that the dimers and

trimers of the present invention had the activity of
scavenging superoxide anion radicals.
[0036]

Superoxide anion radicals (0,”) are a kind of active
oxygen formed within the 1living body, where the radicals not
only exhibit sterilizing action but also induce an
indiscriminate, strong oxidizing reaction. This effect is
believed to cause conditions such as aging and canceration in
the living body, typically through the peroxidation of
unsaturated fatty acids in cell membranes (see, for example,
NANZANDO'S MEDICAL DICTIONARY, 18th ed., p. 329, published
January 16, 1998). In addition, a peroxidation reaction of
unsaturated fatty acids in food will lead to its deterioration
and may even be involved in the emission of off-odor from the
food. Therefore, the compounds of the present invention which
can scavenge superoxide anion radicals have beneficial
characteristics in that they can prevent a variety of
conditions resulting from active oxygen including, for

example, life-style related diseases such as hypertension,



Anti oxi dant activity The present inventors also found that the diners and
trimers of the present invention had the activity of scavengi ng superoxi de
anion radicals. [0036] Superoxide anion radicals (Qz-) are a kind of active
oxygen formed within the living body, where_the radicals not only exhibit
sterilizing action but also induce an indiscrimnate, strong oxidizing
reaction. This effect is believed to cause conditions such as agi ng and
cancer at i shiabheteshand \iypppbiiemiy picafdiac hibsems ¢hespeh ox$ dat i on of
unsaturated fatty acids in cell nmenbranes (see, for exanple, NANZANDO S
MEDI CAL DiazheaNARCclemRied.ang aguny gnb| ¢ameer - January 16, 1998). In
addition, a peroxidation reaction of wunsaturated fatty acids in food wll
lead to itld krioration and may even be involved in the emi ssion of

of f-odor fromthe food. %ﬁgrefore, t he, conpounds of the present invention

which can scavéify RABEULHERDIF FFTh SCHERIRAAT LI B LY was _
From act| RS ThamiREAdD 1o ama et Thed Lo jreatiala bu BELEElE. such
TS DTN ST LT R IR e T L
o B of | F SRR B R B L B F N a R ST AT e T dace
trapping agent to perform measurement by ESR. Measurements
were conducted in the presence or absence of compounds of the
present invention and the results were expressed as ICsy or the
amount of a sample that provided 50% suppression of 0;°
generation.
[0038]
According to Example 5, compounds of the present
invention had very low ICs, values as compared with compound
(7)., a known superoxide anion radical scavenger.
[0039]
Therefore, the compounds of the present invention can be
used in smaller amounts than the conventional superoxide anion
radical scavengders of natural origin and can yet prevent a
variety of conditions resulting from active oxygen including,
for example, life-style related diseases such as hypertension,
diabetes and hyperlipemia, cardiac diseases such as
arteriosclerosis, and aging and cancer. In addition, since
the compounds of the present invention are of natural origin,

they feature high safety levels and can be ingested over a

prolonged period to exhibit the intended efficacy.



reaction and 5,5-dinmethyl-I-pyrrolin-Noxide was used as a trapping agent
to perform neasurenent by ESR Measurenents were conducted in the presence
or absence of conpounds of the present invention and the results were
expressed as 1C50 or the anpount of a sapgle that provided 50% suppression
of Oz- generation. [0038] According to Exanple 5, conmpounds of the present
I nvention_had very |ow | C50 val ues as conpared with coqpound (7),.a known
super oxi d&°2H; 8R4 e129e; havidg 1ipgseginhibdtor, and/ 9 adiakidddtor t he

present invention ca used in smal | er amounts than the conventi onal
superoxidéggﬂﬁgﬁfgigakgiﬁfgéébengers of natural origin and can yet prevent a
TTecstyle rol AP SHigEIaesSoan IS IR RS T o2 g Bresent ©
hyper | i pemi r di di.se arteriqscl | and agi.ng and
cancer. | ghg&ai%?iogn?lggi P%eqﬂ%%ﬁéb%%?n g’ of ?\%’ ﬁ%;d%:rnﬁfol r%%rﬁﬁol ste of
nat ural ogidi f ULr i f . EQQ% over a
prolongedEBgr'8&Y®§%égﬁggﬁﬁ'?ﬁg 8%?%%%’d*ﬁ%?¥§g2§ﬁg%éﬁ¥]4§§) an§£§%3%rage
having |ipase hHabkbhber oY ¥ I+ P aTeTe | MeToldr 1Al -Ta R ST g T =T e

epi gal | ocat %?h;h%% #grs an% orhe?;altdrrtg)rgs?_d%?[trﬁe pre er?t% | r%/le(r?_traleeo_r%n-rgqay be

| nCOprrafp%@vbﬂttiﬁg E@r@&qﬁratti%rp%tfe&tﬂﬁd%, A RPN MU ) Idut HFSFDY
produci ng foods an everages that have not only the action of reducing
neutral fahe@B@tion of preventing a variety of conditions resulting

from active oxygen including, for example, life-style related
diseases such as hypertension, diabetes and hyperlipemia,
cardiac diseases such as arteriosclerosis, and aging and
cancer.

[0040]

Examples of beverages in which the compounds of the
present invention may be incorporated include soft drinks, tea
beverages, liquid tonics, health drinks, nutrition supply
drinks, sports drinks and carbonated drinks (including liquid
concentrates and preparatory powders for these Beverages), and
exemplary foods in which the compounds may be incorporated
include gums, candies, jellies, confectioneries in tablet
form, health foods, nutrition supply foods, and dietary

supplements.

Pharmaceutical composition comprising lipase inhibitor and/or

antioxidant

The epigallocatechin dimers and/or trimers of the present
invention may be used to produce pharmaceuticals that have not

only such actions as the one of reducing triglycerides, but



preventing peroxidation of |ipids, aging and obesity, but also the action
of preventing a variety of conditions resulting fromactive oxygen
including, for exanple, life-style related diseases such as hypertension,
di abet es and hyperlipem a, cardiac diseases such as arteriosclerosis, and
aging and cancer. [0040] Exanples of beverages in which the conpounds of
the present invention nay be incorporated include soft drinks, tea

bever ages,2}§Quie t 3RFLRN " AEPTRVERFARE, anvieFiet¥notupprgitdPrsks, sports
powder s { T HLCb U EMAGRE Lve BV ERB P eyt Bt e s GRABRIERC. compounds
tablet TolHeTeN iR TEbabed BETRarER ShER ot rhupE Rt afgioRe: argbetes aha
ant ) oxl dardVATEL RPEERT oSaratalnoRrbePEs CRUPD, St Aret ERGPo REORiRCcARA”

i nvention e e roduce pharmaceuticals that have not only such
actions agﬂ?ﬁggo%géogaﬁgﬁﬁéing triglycerides, but - 17 also the action of
preventing[@byﬁjiety of conditions resulting fromactive oxygen including,
for exanpl e, Ife-style rel ated di seases such as hypertension, diabetes and

hyperlipeni a, cppdipe dbmpaardsSUENtAe prbsehesehfLntisn ad +89HBIuARY
cancer. [0041]
as medicines, they are provided in the form of powder,
granule, tablet, capsule, solution, injection, dermal

solution, emulsion, ointment, etc.

Cosmetics having lipase inhibitor and/or antioxidant

incorporated therein

The epigallocatechin dimers and/or trimers of the present
invention may be used to produce cosmetics that have various
actions including the prevention of lipid peroxidation,
retardation of aging, and skin whitening.

[0042]

Cosmetics in which the compounds of the present invention
may be incorporated are facial, skin and hair creams, lotions,
gels, mousse, shampoo, rinse, etc.

[0043]

The compounds of the present invention, which may be
synthesized products or purified extraction, may independently
be used in foods/beverages, pharmaceutical compositions or
cosmetics; alternatively, a mixture comprising more than one
compound of the present invention may be added to foods or

beverages.



| f the conpounds of the present invention are to be used as nedicines, they
are provided in the formof powder, granule, tablet, capsule, solution,

i njection, dermal solution, ermulsion, ointnent, etc. Cosnetics having

| i pase inhibitor and/or antioxidant ipcegporated therein The

epi gal | ocatechin dinmers and/or triners of the present invention may be used
to produce cosnetics that have various actions including the prevention of
lipid perd@Qﬁﬁlon retardation of aging, and skin whitening. [004ﬂ
Cosnetics in which the co ounds of the present jnvention

i ncor por at ed af%h?Eﬁﬁ%ﬁe F rPRREHRCT P ERfs? FHRFBHRY mﬁE?EXa%Dﬁggﬁ as

h t Th d f th t ch
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d f d /b t t
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d f . h
;RVZQHS&{% FLOCE ey R de R l@ﬁ%%%@f?s 10085, st PERRELAC er et an

one conpoqﬂg% P vention, the extracted m xture may be
enpl oyed a ‘P%%§% 8% %#%br of the present invention w thout

separati ng the i ndi vi dual conponents.

ADVANTAGES OF THE INVENTION
[0045]

By adding whichever of oolong tea's polyphenols or
epigallocatechin dimers and/or trimers that is a component of
the higher lipase inhibitory activity, one can provide
beverages that retain the flavor of tea, suit many consumers'
taste, and serve the purposes of preventing obesity and
promoting health.

[0046]

The compounds as well as foods and beverages of the

present invention also have antioxidant activity and

contribute to preventing lipid peroxidation and ageing.

BRIEF DESCRIPTION OF THE DRAWINGS
[0047]

[Fig. 1] Fig. 1 shows the chemical structural formulas
of the samples subjected to the evaluation of their lipase
inhibitory activity and antioxidant activity;

[Fig. 2] Fig. 2 is a 'H-NMR spectrum of oolong
homobisflavan C(3);

[Fig. 3] Fig. 3 is a '’C-NMR spectrum of oolong



ADVANTAGES OF THE | NVENTI ON [0045] By addi ng whi chever of oolong tea's

pol yphenols or epigallocatechin dinmers and/or trinmers that is a conponent
of the higher lipase inhibitory activity, one can provide beverages that
retain the flavor of tea, suit many consygers' taste, and serve the

pur poses of preventing obesity and pronoting health. [0046] The conpounds
as well as foods and beverages of the present invention also have

ant i oxi dartorepisfikavamdC(Tbntri bute to preventing |ipid peroxidation and
ageing. BRI EF DESCRI PTION OF THE DRAWNGS [0047] [Fig. 1] Fig. 1 shows the
chem cal structlffig- oy mH¥S- ofisme dniPRespadimam af ttrimer ) uandn of
their lipase inhibitory activity and.ntioxidant activity, [Fig. 2] Fig. 2
is a'H NWR spddi¥am>df  dotdng® Fondbi §rN¥RasPeciyum pfgtrimer; 8.4)3 is a
13C- NWR spectrum of oolong - 19 - honobisflavan C(3); [Fig. 4 Fig. 4is a
1H NMVR spe[&qmnof trimer (4): and [Fig. 5] Fig. 5is a 13C NMWR spectrum of
trimer (4). [QQ48] Thelgresent | hvention is described nnre,gﬁeciiicall

with reference 1% RHEEIE I W HE AT cde ST TR BOLS FReGLERSaL R ¥hERd to
limt thef%%%%%ﬁgetgga%ﬂg”¥%ifghing examples which are by no means

intended to limit the scope of the invention.

Example 1
[0049]

Measurement of lipase inhibitory activity

For lipase activity measurement, an oleic ester of
fluorescent 4-methylumbelliferone (4-UMO) was used as a
substrate and the fluorescence from 4-methylumbelliferone
formed by enzyme reaction was measured.

[0050]

The buffer used in the measurement was 13 mM tris-HC1l
(pH 8.0) containing 150 mM NaCl and 1.36 mM CaCl,. The
substrate 4-UMO (product of Sigma-Aldrich Co.) was prepared as
0.1 M solution in DMSO and then diluted 1,000-fold with the
buffer. The lipase subjected to enzyme measurement was swine
pancreatic lipase (product of Sigma) that had been diluted to
a concentration of 400 U/ml with the buffer.

[0051]

To start the enzyme reaction, 50 ul of buffered 4-UMO
solution and 25 ul of distilled water (or an aqueous solution
of sample) were loaded and mixed on a 96-well microplate and

25 ul of the buffered lipase solution was then added. After



Exanple 1 [0049] Measurenent of lipase inhibitory activity For |ipase
activity neasurenent, an oleic ester of fluorescent 4-nethylunbelliferone
(4-UMD) was used as a substrate and the fluorescence from

4-met hyl unbel I'i ferone formed by enzyme jgaction was neasured. [0050] The
buffer used in the measurement was 13 mMtris-HCL (pH 8.0) containing 150
mV NaCl and 1.36 nM CaCl2. The substrate 4-UMO (product of Sigma-Aldrich
Co.) was BPeﬂ‘&P@G%é—'ea@’t}% s 3108t iMdn ofn OpNSY &idnaten cififigred s5000-ifom d
with the buffer. The |§ se subj ect ed to enzynme nmeasurenment_ was Sw ne

pancr eat i ¢PHi fa2d [§So dortosiapemchy e Wé@%@ﬁl @ndttde tfduorescence
concentratlon of 453WH%NQ§ th the buyffer. [Q051] Tq start the enzyne
reacti on, T568M 45Me A3gGRBoneg,| l?t’ﬁcdﬁ" nzﬂ’aéﬂel@fnﬁlbt i3 d®iat er (or
an aqueous..solution of sa m xed on a 96-wel |

micr gpl at glaﬁa%fﬁnlc of" 3R gpeﬁ‘iﬁ égo “H& ‘ﬁ’t Wit \Hfé‘etrr?é:l‘?dadﬁ’e&heAf ter -
20 30-mnute,reaction, 100 | % ¥IC|trate buf f d SO|%{IOH (pH 4. 2)
was added £8S§d&fen Pﬁenfgg%klonW%$ h lPI&SF@?@@ﬁb@ Fi%header

vl ongt R Ligs R Aty (B SRR TS aned Skl on. “uas. moasured wi th

a quoreSQ%nglplate r eader (Fluoroskan Asent CF. product of Labsystens).
[ 0052]

The inhibitory activity of the test sample was determined
as its amount that would provide 50% inhibition of lipase
activity (ICse in pl) compared to the activity of the control

(distilled water).

Example 2
[0053]

Samples of measurement

Oolong homobisflavan A(1l) and oolong homobisflavan B(2)
were synthesized in accordance with the article Chem. Pharm.
Bull 37(12), 3255-3563 (1989). Monodesgalloyl oolong
homobisflavan A(5) and didesgalloyl oolong homobisflavan B(6)
were extracted and purified from tea leaves by the method
described in Chem. Pharm. Bull 37(12), 3255-3563 (1989).
Alternatively, they can be obtained by hydrolysis of oolong
homobisflavan A(l) and oolong homobisflavan B(2) with tannase.
Novel compounds, oolong homobisflavan C(3) and trimer (4),
were synthesized and purified by the methods of Examples 3 and
4 and thereafter determined by instrumental analysis to have
the structures shown in Fig. 1. Incidentally, (-)-

epigallocatechin-3-0O-gallate (EGCG, compound 7) was purchased



The inhibitory activity of the test sanple was determined as its anount
that woul d provide 50% i nhibition of |ipase activity (1C53 in |) conpared
to the activity of the control (distilled water). Exanple 2 [0053]

Sanpl es of neasurenent Ool ong honobi sfd gan- A(1) and ool ong honobi sfl avan
B(2) were synthesized in accordance with the article Chem Pharm Bull
37(12), 3255-3563 (1989). . Mounodesgall oyl ool on honobi sfl avan A(5) and
didesgalI%§Pmogﬁgﬁg£ﬁ5ﬁoﬁpgml n%§0€f¥rﬁéﬁe é&@raoted and purified fromtea
| eaves by the nethod described in Chem Pharm Bull 37(12), 3255-3563
(1989). Alternatively, they can be obtained by hydrol ysis of ool ong
honnbisflg&g& ﬁglb and ool ong honobi sflavan B(2) wth tannase. Novel
conpounds, oolFong honobi sflavan C(3) and trinmer (4), were synthesized and
purified I?)éot_-)laq met hods of Exanples 3 and 4 and thereafter determ ned by
instrunental analysis to have the structures shown in Fig. 1. Incidentally,
(-) - epi 9alheeatachiiadpRraaliala onFEEC0 AN Withoh 445 i

from Wako—Pure Che 3 siv eS, d—Exanpte G054 AL ES
purificat nongoh +@elsqrg honobi sflavans (OHBFs) A Synthesis: A hundred
mlligranms of "(-)-epigallocatechin-3-Ogallate (Wako Pure Chem cal
Industries, Ltgd hutd$ed m3214Q¢as &£M(-9Lepigallocatechin-3-0-gallate

BFs)

(Wako Pure Chemical Industries, Ltd.) was dissolved in 2 ml of
methanol containing 0.01N HCl1l and 18.5% formaldehyde and the
solution was stirred at room temperature for 1 hour. After
the end of the reaction, the mixture was purified by high-
performance liquid chromatography.
B. Conditions of preparative HPLC:
Column: Develosil C30-UG-5 (2 cm¢ x 25 cm; Nomura Chemical
Co., Ltd.)
Mobile phase: A, 0.1% TFA/H,0; B, 90% CH;CN, 0.1% TFA/H,0;
6 ml/min
Gradient program: B 10% — 40% (0-40 min); B 40% iso (40-60
min)
Detection: A 280 nm

Preparative HPLC was performed under the conditions
specified above, yielding OHBF-A, OHBF-B, OHBF-C and the
trimer in respective amounts of 24.2 mg, 17.2 mg, 5.6 mg, and
13.8 mg. The individual compounds were subjected to MS by
micromass Q-TOF in a positive mode, whereupon [M+H]" ion peaks
were detected at m/z 929, 929, 929 and 1399 for OHBF-A, OHBF-
B, OHBF-C and the trimer, respectively. The spectral data for

OHBF-A and OHBF-B agreed with those shown in Chem. Pharm. Bull



met hanol containing 0. OLN HC1 and 18.5% f or mal dehyde and the solution was

stirred at roomtenperature for 1 hour. After the end of the reaction, the
m xture was purified by high- performance |iquid chromatography. B.

Condi tions of preparative HPLC. Columm: $evelosil C30-UG5 (2 cn x 25 cm

Nonura Chem cal Co., Ltd.) Mobile phase: A 0.1% TFA/ H20; B, 90% CH3CN,

0. 1% TFA/ H20; i t B.10% ~ 40% (0- 40 B 40% i
(4060 " i) 1Bdcedesa 358 280 SAHP %&%ww@%g% pRUEE KL

conditi on?P\? g%ﬁ %1130\%% | el %PQ%XO%F A, OH F g%d 1t he tr| mer
in respec The A

i ndi vi dual__co Qu %Pq;ected tQ m Cr.onas n positive
ode.  wherSABORS] RAEE G, GRL S Cogied Nﬁ@f@aasa{remez‘ 0% 24 N85 g
1399 for frs asy t ri r Vv spectral
data for Qﬁm Gﬁg Cs-gl'—H%@gr eé %t%%bs@gg e gg‘?eﬁ@ ﬁég%har Bul | -
22 37(12 7 @e t

struct ure? r%%?@ggﬁ%&%%ﬁ%ﬂnsﬁl taS d(g;ﬂ;ftl n (I'#lﬂﬁ&% Mr‘%’a 83&5@ C and
t1:21{612%2:') nﬁ%sl}'ﬂ\/? %Sgngi \?dlwere ;;cérre g vmet]l#(ﬁﬁcafég%?cectronet er
(BRUKER BlegShlhst @ %*ﬁ@"u tltﬁath?hoqe C@H%OuﬁdﬁMﬁathh@élI\fM{‘@t dctra
represented by formulas 3 and in Fig. 1. The 'H NWR and - NMR spectra
of OHBF-C are shown in Figs. 2 and 3, whereas the H-NMR and

13C-NMR spectra of the trimer are shown in Figs. 4 and 5.

Example 4
[0055]

Lipase inhibitory activities of oolong homobisflavans and

their trimer

The lipase inhibitory activities of six compounds (dimers
of OHBFs and their trimer), as well as epigallocatechin
gallate (EGCG) were measured in accordance with Example 1 and
the results are shown in Table 1. The chemical structural
formulas of the compounds evaluated in Example 4 are listed in
Fig. 1.

[0056]

Dimers of flavan-3-ol having a galloyl group attached to
the chroman ring at 3-position via an ester bond, for example,
oolong homobisflavan A, B and C, as well as the trimer showed
potent lipase inhibitory activity compared with EGCG, so it
was suggested that the dimers and trimer in which EGCGs are
polymerized would be useful as lipase inhibitors.

[0057]



OHBF-C are shown in Figs. 2 and 3, whereas the 'H- NVR and 13C NWR spectra
of the trimer are shown in Figs. 4 and 5. Exanple 4 [0055] Lipase
inhibitory activities of ool ong honobi sflavans and their trimer The |ipase
inhibitory activities of six conpounds- (2B rers of OHBFs and their triner),
as well as epigallocat echi n gal | at e (EGCG) were neasured in accordance with

Exanpl e 1 and ahbegr €84 &%%Ip?lo%fb‘m%ﬁgﬁgﬂ ?alan% ctural

formul as of the coffpoun s eva uate are

[ 0056] %H@&ﬁtgoga&‘ki\é%ﬂa%l@ sh:%‘ﬂn@g 161p%%| | %hl%rlct%yatatcaﬁhﬁd%} %nag(]it %en

chroman ring a position via an ester bond, for exanple

honobi sf| g¥ad rAedBtan®eCcontai®lda 3h JdAon'd Hfa.showed potent |ipase
inhibitory activity conpared with EGCG so it was suggested that the diners
and trimer in which EGCGs are polynerized would be useful as |ipase

i nhibitors. [0057] - 23 Anong those conmpounds, ool ong honobi sflavan A and B
havi ng parabgel ar.| Liplaseng nhiipatedriyn dtikamy eaC lofV varitd IRAphedidlfd ed to
be contained in oolong tea. Table 1. Lipase Inhibitory Activities of Various
Pol yphenoll905BQ058] [Table 1] 1Cso (M

[Table 1]

ICso_(uM)
Oolong homovisflavan A(1l) 0.049
Oolong homobisflavan B(2) 0.108
Oolong homobisflavan C(3) 0.097
Trimer (4) 0.129
Monodesgalloyl oolong homobisflavan A(5) 0.271
Didesgalloyl oolong homobisflavan B(6) 2.083
Epigallocathechin 3-O-gallate (7) 0.349
Example 5
[0059]

Active oxygen scavenging activity

Evaluation was made of the activity for scavenging
superoxide anion radicals generated by hipoxanthine-xanthine
oxidase reaction, a kind of active oxygen.

Method:

After preparing (1) 2 mM hypoxanthine solution (dissolved
in 0.1 M phosphate buffered solution at pH 7.4) and (2) 5.5 mM
diethylenetriamine-pentaacetic acid (dissolved in 0.1 M
phosphate buffered solution at pH 7.4), 5.0 ml of the solution

(1), 3.5 ml of the solution (2), and 1.5 ml of 5,5-dimethyl-1-
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which was set in an ESR apparatus and sweeping in a magnetic
field was started 60 seconds after addition of xanthine
oxidase. The conditions of ESR measurement were as follows:
Power, 4 mW; C. Field, 335.5 mT, SwWid (), 5 mT; SwTime,
1 min; ModWid, 0.1 mT; Amp, 160; TimeC, 0.1 sec; Temperature,
20°C.
[0060]

Among the ESR signals from DMPO-OOH, the signal of the
lowest field strength was compared in height to the internal
standard Mn?* signal and the ratio (S/M) was assumed to
represent the amount of O, and the O,  scavenging activity was
calculated by the following formula:

0, scavenging activity (%) = 100 - {100 x (S/M in the presence
of the sample)/(S/M in the absence of the sample)}
Results:

To evaluate the ability of oolong homobisflavans A, B and
C (dimers), as well as the trimer to scavenge superoxide anion
radicals (0,"), their concentrations capable of scavenging 50%
0, (ICso) were calculated in pM. The control was
epigallocatechin gallate (EGCG). Compared to EGCG, the oolong

homobisflavans (dimers and trimer) were found to have stronger
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26 - CLAIMS [1] An epigallocatechin gallate trimer of the forrmula: [Formula
2 OH HO HOI OOH HO~. OOHHOCHZ ~OjHOH OHHOO . ' OH OH CH2
OHOOH~I HOOOHOH 2I0H OOhOHHOOH OH [2] Alipase inhibitor
conprising an epigallocatechin dinmer in which epigallocatechin units are
polyneri zed via a nethyl ene group that'b?Pdges their chroman rings at 6- or

8- position: [Formula 3] OH Rla., -I HOI O,\ OH OH
CLAIMS
[11 An epigallocatechin gallate trimer of the formula:
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[2] A lipase inhibitor comprising an epigallocatechin dimer

in which epigallocatechin units are polymerized via a
methylene group that bridges their chroman rings at 6- or 8-
position:

[Formula 3]
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HO YCH2 1 OH OHHOOHI .,ORZ OH - 27 wherein Rl and R2 are each

I ndependently H or a galloyl group, and/or an epigallocatechin trinmer in

whi ch epigall ocatechin units are polynerized via nethyl ene groups that
bridge their chroman rings at 6- and/or 8-position: [Formula 4] OH R3G |
HO-y. OOHOH HOCH2 1~ OHOH HOO. " CH_OH 1 "OR4A CH2 GHHO O OH ORY
OH OH wherein R3, R4 and R5 are each |nd%$endently H or a galloyl group.
[ 3] An anti oxidant conprising an epigallocatechin dimer in which

epi gal l ocatechin units are polynerized via a nethylene group that bridges

their chromppfd YISRAlafd ®f BePRUdH AhdeddreAtd H dHa galloyl group,
and/or an epigallocatechin trimer in which epigallocatechin
units are polymerized via methylene groups that bridge their
chroman rings at 6- and/or 8-position:
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wherein R;, R; and Rs are each independently H or a galloyl

group.

[3] An antioxidant comprising an epigallocatechin dimer in
which epigallocatechin units are polymerized via a methylene

group that bridges their chroman rings at 6- or 8-position:

[Formula 5]
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R 0.. 1 HO~. OOHOH HOCH2 KOHOHHO~ OH Y ORZ OH- 28 wherein R
and R2 are each independently H or a galloyl group, and/or an

epi gal |l ocatechin trimer in which epigallocatechin units are polynerized via
met hyl ene groups that bridge their chroman rings at 6- and/or 8-position:
[Formula 6] OH R30.._ HO- 0 ~\ |TOHOHHO ~ CH2 )OH OHHOO0. OH OH CR4 CH2
OH HO-110 SOH OR5 OH wherein R3, R4 and R5 are each independently H or
a galloyl group. [4] A food or beverage having the epigallocatechin diner

- 28 -

wherein R; and R, are each independently H or a galloyl group,
and/or an epigallocatechin trimer in which epigallocatechin
units are polymerized via methylene groups that bridge their
chroman rings at 6- and/or 8-position:

[Formula 6]

wherein R3, R; and Rs are each independently H or a galloyl

group.

[41] A food or beverage having the epigallocatechin dimer

and/or trimer according to claim 2 or 3 incorporated therein.

[5] A tea beverage having the epigallocatechin dimer and/or

trimer according to claim 2 or 3 incorporated therein.

[6] A pharmaceutical composition comprising the
epigallocatechin dimer and/or trimer according to claim 2 or

3.



and/or trinmer according to claim2 or 3 incorporated therein. [5] A tea
beverage having the epigallocatechin dinmer and/or trimer according to claim
2 or 3 incorporated therein. [6] A pharmaceutical conposition conprising the

epi gal | ocatechin dinmer and/or trimer according to claim2 or 3. - 29 [ 7]
A process for producing an epigallocatechin gallate dinmer of the formula:

[Formula 1] OHOH ~I OHHOOOO'' OH H 3%9%"0 HO OHH2C OH 00 OH 0,.. i Iy
"OH HO~.., ~OOHCOH |, HO OH which conprises reacting a flavan 3-ol with

formal dehyde j n t jeppheedRCeoef pddadithg [aB ¢pigpldoeatethinpyadlaiteg
epi gal | ocat echi n gaPI ate trimer according to claim1 which conprises

reacting g fjewvape 3tpé formhléor mal dehyde in the presence of an acid.

[Formula 1]

Qo
'y POCRE,

which comprises reacting a flavan-
3-01l with formaldehyde in the presence of an acid.
[ 8] A process for producing epigallocatechin gallate trimer

according to claim 1 which comprises reacting a flavan-3-ol

with formaldehyde in the presence of an acid.





