- 1 - SPECI FI CATI ON EPI GALLOCATECH N DI MERS OR TRI MERS HAVI NG LI PASE
| NHI BI TORY ACTI VI TY AND/ OR ANTI OXI DANT ACTI VI TY TECHNI CAL FI ELD

[ 0001] This invention relates to epigallocatechin dinmers or
trimers having lipase inhibitory activity, and foods and beverages
that have those dinmers or trimers incotpprated therein. The invention
also relates to epigallocatechin dinmers or trinmers having antioxi dant
action, and foods and beverages thg% Ef¥€F£ diners or triners

i ncorporated therein. The inventioh Fu relates to processes for
produci ng those epigallocatechin dinmers and triners. BACKGROUND ART

[ 0002] Li pase I nhibitor Wth the recent westernization of life
style in Japaprciheoctwdieryo D iMEgR- bRt TREMERS Wavig 1APABES ENAERPIGRY
is ever increasing. According to the 1999 Japanese national nutrition
survey, the energy intakeToVITheaANBTR @ IPRIPARThASTIREY decr easi ng
each year but yet their lipid energy ratio has exceeded the nor nal

| evel s of about 25% Al so, 50-60% of people aged over 60 have been
found to have hi gher-than-normal neutral fat and chol esterol |evels
(M ni stry FECRNACAR FIBWBr and Welfare, "1999 National Nutrition

Sur vey Res%%%%l]- 2 - Summarized", R nshou Eiyou 2001, 98(5)577-588).

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 1lipid energy ratio has
exceeded the ncormal 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] Qbesity is one of the nost 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
associ at ed di seases includi ng di abetes, hyperlipenm a, hypertension,
and arteriosclerosis. The only drug that2has been approved in Japan
for treating obesity is the appetite suppressant Mazi ndol (registered
t rademar k) o Vazi ndol &y d ef fects such
as dry mouth, "Const ?patﬁgﬁéhﬁﬁ aﬁﬁp%@bﬁ t9ﬁégzgzﬁa@#ﬂfvomturltlon
or nausea, (R nsho Hyoka, 1985, 13(2), pp. 419-459; Rinsho
Hyoka, 198§ 136 pp. 461-515). CQutside Japan, Zenical (registered
trademark), a db%gsmeyi 09 onédfoLi rdspaseri ok beéed vt Bsid Mint Yollern
suppress intestinal fat absorption, is on the market for treating
obesity, bufocdeniycahdhas maitmwlpeescrided ttedekoesaise imrdkaofSildeids.
effects such as fatty stools, frequent bowel novenents, | oose
passage, diBesides, obeshbrhaekesswive l(ipddcantakeols I8N fip cgpse7Zhe
[ 0004] Anot her way that is known to_be effective in preventing
obesity is Qﬁ?qte@§céS§SPéﬁF%dl¢&%ﬁﬁ§%ﬁﬁﬂ@&&ﬁd&nal %a?%£ﬁ$ﬁﬂFYH%§$éP§W13

t hi h trict_putritional d tr

nonce. | < APRSTESRELOR. | RO CHERE 9P UARARAdy | PG, oRTHE, EREH dPa Paay
bsor pt f_neal

el hy nadESP SRPEPRER .V%% 5%?"#‘4 *%ev%% LEEPELkhd OF %P%ere
for treati ’LQ:p‘iﬁ"e%'s ﬁtaﬂg 2389¢! ?fé‘gfis@é%%s‘%%aﬁgﬂaﬁ?”@ﬁ tlhhas

3 - [0005] er t e clrcunstances, attention is elng rawn

the devel opygit x@borft@adﬁof@auweﬂde edreedlkt Bubsess aky Gibuidve been
proven to be safe and effective in humans. Foods for specified health

uses that hsrstipatisal ddfscdaferiasithaiheng tbhachbi omitiwitsicpproass
the increase of postprandial serumneutral fat |evels include a

gl obi n di gemtusesat e§GppKBé8é§°f%¥°%sdr9@t5i oA 36¢ )i NP bi 41 gt PanBisshpc
| i pase (J. Nutr. 1988, 128, . 56-60; Journal of Nutritional Science
and Vitam fiidkgy, 19889, 132@?) P@p 46~ 'ﬁ) -Ke RRGE1LEP ydEPBholdfTilpal
Kenkyu, Jap

b 131 1aKE e AET P A S CarB by i gHS RevARe BPRELELSRY o | on
ZBSB“ESE%)Sfdhﬁ%i@%%a%égl"%r?r’c@%&# %f;%%éinéﬁ“ﬁ% Snaclition. 3a

109-117), il t9lCApRERt 28ROt Feafith (O%De@it@ndbmcgéﬁf)@éﬁm Cal%l Been
(DHA) that are purified fromfish oil. In order to suppress

absor pti on wpdiitelsary tatsdsvagidhe éiﬂ&%ﬁf@btspeﬁbﬁl &6l fhﬁtﬁi}i mm&,
|isted above, it is desirable that they are ingested together with
nmeal s. Howelamsqueintt bswpilenbvéementhatlddee fpasdage) sitdrebeye may
affect the flavor of food and beverage to be taken in with the

above- | i st estdmssdachpgoest- (Lancegonel 398 .y@F3&nobp . afé-khidn to have
activity in inhibiting |ipase. Anong the exanples reported so far are
tanni n deribV&P%k om pl ant bark (JP 60-11912 B) tanni ns or flavonoids

and, o1 yo0o! des, UGKERt LLG' RLE, FOTRLE Lo Bl REeLERML S, P ang
obesity is to reduce caloric intake through a diet regimen.
However, this approach requires strict nutritional gquidance
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.



foods having incorporated therein epigallocatechin gallate and

epi cat hechin gallate that are the main conponents in green tea (JP
3-228664 A), lipase inhibitors conprising water extracts of green
pepper, shinmeji nmushroom punpkin, Gifola frondosa, Sargassum
fusiforme (Harvey) Setchell, green tea-oB eolong tea (JP 3-219872 A),
flavone and fl avonols (JP 7-61927 A), hydroxybenzoic acids (gallic
acid) (JP %b%%§q22 A), triterpene conpounds and their derivatives (JP
9- 40689 A), and anti obesity drugs contai ning procyanidin of tamarind

as an active ingpadirebhe(dPrSakPldRR ) atbbPibROVY Bfhd idBHWR to the
i nhibitory action of grape seed extract (Nutrition, 2003, 19, (10),

pp. 876- 87Yeveibpmehpase I'nbbds tHdy siicigneal h&al aigi vsad! agandaaieed
pol yphenol s and their antiobesity action in rat (J. Nutr., 2002, 132,
pp. 1819- 182én pmwdvehetanbeobate tand@tfifectdireobh omgmares. eftacest fom
nmouse (Int. J. OQoes., 1999, 23, pp. 98-105). [0007] The lipid

| oweri ng efsbecifdedobrahfht vaepahafediavecpeenedoby tardattefsahanang.
In one report, subjects were allowed to drink comercial oolong tea
in 1330 n 6 @bdAdtHatPysrBPTres WMekacrgashoAf aPLF tRFINEaH SELYR i n

bl ood tral f I f N Lti | Sci d

Vi L nol ogutiad: Fakarayer LhSkade s ibhan AT ueck ERE Sitressegngat
f I bj.ect i i . i . al i pi st |

ton (5 o x FReEpYupl, By ERELORER o ARhBaRIR B0 1) D hIEE T3RRLT

| east 1 kg was eBsesyedol No6dhel dNeutulire6ha1 88 ehde add tion, the

subj ects showi ng high blood neutral fat |evels exhibited significant

i mpr ovementys taftigblbagestbag, o9t onp, twA (lounnakenko®: Eiyfu BhOkuhin
Japanese Society of Clinical Nutrition, 1998, 20(1), pp. 83-90).

Non- pat ent Xeodynent/apanMleadth yFodd HealutlritiahoFoaddid¥ddisarta on’, 19002,
National Nutrition Survey Results Sunmarized", R nshou Eiyou 2001,
98(5) 577- 584 NonPpat 2Rl -dééhmediacyl Rlysesolybruing o@biferzmt) | pp.
419- 459 Non- pat ent docunent  3: Ri nsho Hyoka, 1985, 1%&%%5 pp. 461-515
Non- pat ent HEEFTERT/2PSPRRELPD Gogppctepistiss gompapedor Jdtidmy L

document 5. ). ML 51988, 4381 RRieL%%%0, 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. In order to suppress the absorption of dietary
fat using the foods for specified health uses listed above, it
1s 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 flavoncids and
glycosides thereof that are contained in the leguminous plant

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



Non- pat ent document 6: Journal of Nutritional Science and

Vi tam nol ogy, 1999, 52(2), pp. 71-77 Non- pat ent docunent 7:
Kenkou' Ei you Shokuhi n Kenkyu, Japan Health Food & Nutrition Food
Associ ation, 2002, 5(3), pp. 131-144 Non-patent docunent 8: J. Am
Coll. MNutr. 2000, 19(6), pp. 789-796 - 4 -Non-patent docunent 9:
din. Chim Acta. 2001, 11(2), pp. 109-117 Non- pat ent docunent

10: NI 000 2003010 (30l P SEG T8 Dt ot L SOEHTEIL LAE dn

Nutr., 2002, n-patén unen

Qoes., 1999,,:23+HRRhiR%FatPPte thatNAFePFENhadCERIndt s Jﬂyrgdﬁlenoi:ea

Nutritional “Sci ence and™ Vitam nol ogy, 1991, 44(4), pp. 251-25 - b6-
(JP 3-228664 A), lipase inhibitors comprising water extracts
of green pepper, shimeji mushroom, pumpkin, Grifola frondosa,
Sargassum fusiforme (Harvey) Setchell, green tea or oolong tea
(JP 3-219872 A), flavone and flavonols (JP 7-61927 A),
hydroxybenzoic aclds (gallic acid) (JP 1-102022 A), triterpene
compounds and their derivatives (JP 9-40689 A), and
antiobesity drugs containing procyvanidin 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
actlon of oolong tea extract in mouse (Int. J. Obes., 1999,
23, pp. 98-105).
[c007]

The lipid lowering effect of oolong tea has been reported
by many researchers. 1In one report, subjects were allowed to
drink commercial oolondg tea in 1330 ml portions daily for six
weeks to show a significant drop in blood neutral fat lewvels
(Journal of Nutriticnal Science and Vitaminology, 1991, 44(4),
pPp. 251-259) and in another, 102 male and female subjects with
simple obesiiy were orally administered ocolong 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 blocd neutral fat levels exhibited

significant improvements after ingesting ocolong tea (Journal



Non- pat ent docunment 14: Journal of The Japanese Society of Cinical
Nutrition, 1998, 20(1), pp.83-90 Patent docunent 1: JP 60-11912 B
Pat ent docunent 2: JP 8-259557 A Patent docunent 3: JP

of The Japanese Society of Clinical Nutrition, 1998, 20(1),
pPp. 83-90).

Non-patent document 1: Ministry of Health, Labor and
Welfare, "1999 National Nutrition Survey Results Summarized",
Rinshou Eiyou 2001, 98(5)}577-588

Non-patent document 2: Rinsho Hyoka, 1985, 13(2},
pp. 419-459

Non-patent document 3: Rinsho Hyoka, 1985, 13(2),
pp. 461-515

Non-patent document 4: Lancet, 1998, 352, pp. 67-172

Non-patent document 5: J. Nutr. 1988, 128, pp. 56-60

Non-patent document 6: Journal of Nutritional Science and
Vitaminology, 1999, 52(2}, pp. 71-77

Non-patent document 7: Kenkou'Eiyou Shokuhin Kenkyu,
Japan Health Food & Nutrition Food Asscociation, 2002, 5(3),
pp. 131-144
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pPp. 789-796
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Non-patent document 10: Nutrition, 2003, 19, (10}, pp.
876-879
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3-228664 A Patent docunent 4: JP 3-219872 A Patent docunent 5: JP
7-61927 A Patent docunent 6: JP

Non-patent document 14: Journal of The Japanese Society
of Clinical Nutritiomn, 1998, 20(1l), pp. 83-90

Patent document 1; JP 60-11912 B

Patent document 2; JP 8-259557 A

Patent document 3: JP 3-228664 A

Patent document 4: JP 3-219872 A

Patent document 5: JP 7-61927 A

Patent document 6: JP 1-102022 A

Patent document 7: JP 9-40689 A

Patent document 8: JP 9-291039 A

DISCLOSURE CF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
{oo08]

The previously reported lipase inhibitors shown above are
by no means satlsfactory 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



1-102022 A Patent docunment 7: JP 9-40689 A Patent document 8: JP
9-291039 A DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO BE SOLVED BY THE
| NVENTI ON

that suits many consumers' taste, it has to be drunk in large
enough quantities to prove effective but this is not practical
in everyday life. Supplying a simple concentrate of ocolong
tea is not a practical method, either, since it has too much
bitterness and pungency and also high caffeine content.

[o010]

An object, therefore, 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 ococlong 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



[ 0008] The previously reported |ipase inhibitors shown above
are by no neans satisfactory in their efficacy. Even if the extract
of a certain plant is shown to be effective, its |lipase inhibitory
activity is difficult to naintain in a consistent way unl ess the
anount of the active ingredient in the_pgant extract is clarified,
because the extract is of natural origin. [0009] In addition, a
| i pase inhibitor .derived fr a pl ant that does not suit ny .
consumer s’ WS IPEMBet CRTRERS (rSpsesceupheoar BUbrEHSq s and
beverageirgim%fgnhtcg ckpcorporated. Hence, lipase inhibitors
originating fromtea that Suits many consuners' taste can be

prom sing qgydisdqates. On the other hand, if one wants to |ower the
lipid level with oolong tea - 7 - that suits nmany consuners' taste,
it has to be druanktinll angehenostge U itheepresent oveveifan ijke tbut
this is not practical in everyday life. Supplying a sinple

concent r at emividel endipeaei snimbhitopraasd/iocabnmehhbdzidattheran sfifeetite
has too much bitterness and pungency and al so high caffeine content.

[ 0010] amonptopffewhichhearfie econyfeqtly pressnerahe@nin dirdds toy
provide a lipase activity inhibitor that shows high inhibitory
activity adEvfdi@988ncreatic |ipase to suppress the absorption of

nmeal -derived triglyceride and/or which contributes to suppressing and
preventing obesity. [0011] Anot her object of the present
invention i Vi i b - hid or of ool ong tea origin that
suits nanybé%%ghﬁé%sbgggg¥é gﬁ%e%&ﬁgh#¥5|| not inpair the flavor of
the food orpdegwqrage when incorporated therein. [0012] Still
anot her object of the present invention is to provide processes for
produci ng sPiddllpeatheshihi dofiers [{HHlHrimers A further object of
the present invention is to provide foods and beverages that have the
| i pase inhi bitoks okahkefonvahtaimingdirgser abgdcther Ehe.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 colong 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 B-position:

[0017]

[Formula 1]

OH
R10a.(\/©\
HO ~ 0" CoH  OH
HO CH, OH
OH HO. -/ 0.~ Aoy
7 ~""OR,



[ 0014] Yet anot her object of the present invention is to
provi de an antioxi dant that can prevent a variety of conditions
resulting fromactive oxygen including, for exanple, lifestyle
rel at ed di seases such as hypertension, diabetes and -8-
hyperli pem a, cardi ac di seases such as-asteriosclerosis, and aging
and cancer. [0015] A still further object of the present

i nvention E%OHQ provide a |ipase inhibitor and/or an antioxi dant, an
ef fective annung of which can be correctly incorporated in foods or
bever ages. wMeANSnFAR 5@ ¥, NG-dHea BRGBIIMRN2A16), BPbHah | SeRLRACBup.
dinmers and triners As means for attaining those objects, the
present i nhed aighf oninibi fgrediciifvd tiyd ool ong tea that inhibited
pancreatic |ipase essential to fat absorption. The present inventors
eval uat ed tlR@1Bilpase inhibitory activity of the various pol yphenol s
present in oolong tea and found that an epigall ocatechin dinmer of the
fol | owi ng strucPapEerrediivtersiqfalthecrreshnh Linventnre argl yosppurds

via a net hyl ene groug that bridges their chroman rings at 6- or
8- posi t i onTePFEEF N LR P e Hiolggwing formulas:

[0020]

[Formula 2]

5 OH (iIOH
. [P NN NN

0.

H OD\\" 0 0 H
CH,

HO Dy HOA, O

OH
(tIOH
H VO o
OH b~ OH SO
0 0 [:I
OH
J\@OH R;
OH

1: R=galloyl OH
2: R=Rs~galloyl
5: R=H
6: R=R=H
[0021]

which are oolong homobisflavan aA(l), 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]



HO\ OH OH HOCH2 OH HOhAD, OH - 9 - [0018] wherein Rl and R2 are
each independently H or a galloyl group, had high inhibitory

activity. [0019] Preferred diners of the present invention are
conpounds represented by the followi ng formulas: [0020] [Fornula 2]

- 10 -
OH
o
0 0
OHH:C

HO OH 4 OH

0.

aed on
OQ\“’ 0"~ "OH OH
HO

H

Xz

[0024]
also had high lipase inhibitory activity.
[0025]

Also according to the present invention, an
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
HO ~"0 SCOH  oH
HO CH, ©:0H
OH HO O~ OH
OH “OR
/V/CH2(n1 4

!
HO Y O

A~ OH
om@m

OH

[0027]
wherein Ri;, Ry and Rs; are each independently H or a galloyl

group, also had strong lipase inhibitory activity.



[ 0021] which are ool ong honobi sflavan A(1), ool ong honobi sfl avan
B(2), nonodesgal | oyl ool ong honobi sflavan A(5), and di desgal | oyl

ool ong honobi sflavan B(6). [0022] According to the present
i nvention, a novel, synthesized epigallocatechin diner, nanmed ool ong
honobi sflavan C(3): [0023] [Fornula 3} 11 10 - [ 0024]

[0028]

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

[Formula 5]

OH

OH OH
0.0 oH
OH
HO™Y "OH
OH ,
[0030]

which is named as compound (4).

Production of epigallocatechin dimers and trimers

The epigallocatechin dimers ¢f the present invention can
mostly be synthesized or purified for recovery by methods well
known to skilled artisans. For example, ocolong homobisflavan
A(l) 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



al so had high lipase inhibitory activity. [0025] Al so according
to the present invention, an epigallocatechin trimer of the follow ng
structure in which epigallocatechin units are polynerized via

nmet hyl ene groups that bridge their chroman rings at 6- and/or
8-position: [0026] [Fornula 41 OH OH [0Q27} wherein R3, R4 and R5 are
each independently H or a galloyl group, also had strong |ipase

|nh|b|torycﬁ§hlvb£¥rm [Q%g€]37(12) A3ngfggg$d f&ﬁ@ﬁ]locatechin trinmer

is a conpound represente he “f'ol ' 0W Ng [ 0029] [ Fornul a
51 H [0031]

The trimers of the present invention are produced by the
following procedure. Briefly, they can be produced by a
process including the step of reacting flavan-3-0ls such as
epigallocatechin-3-0-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-3-0O-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

alse suitable for producing the dimers. For example, as will

be later described in Example 3, some dimers including novel



OH cH2 OHOH HOOOH OHOH OH OH HOOH OH [ 0030] which is naned as
conpound (4). Production of epigallocatechin diners and triners

The epigall ocatechin diners of the present invention can nostly be
synt hesi zed or purified for recovery by methods well known to skilled
artisans. For exanple, ool ong honobisf4{awsan A(1) and B(2) which are
bot h epi gal | ocat echin diners can be synthesi zed by the nethod

descri bed 5h-3 mhereas
m)nodesgalr’lgylgBg %ﬁg §§l¢? 5&%§F§%a B g§d%sga&%%f} ‘ool ong
honobi sfl avan B(6) can be recovered fromtea | eaves by the method
described in - 12 -

Lipase inhibitery activity

The compounds of the present invention have lipase
inhibitory activity, in particular, pancreatic liﬁase
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 (ICsy) may be substituted to express lipase
inhibitory activity in accordance with the usual methed.
[0034]

As will be shown in Example 1, compounds of the present
invention had very low ICs;, values against pancreatic lipase as
compared with the known lipase inhibitor epigallocatechin-3-0-
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.



Chem Pharm Bull 37(12), 3255-3563 (1989). [0031] The trinmers
of the present invention are produced by the foll ow ng procedure.
Briefly, they can be produced by a process including the step of
reacting flavan-3-ols such as epigallocatechin-3-0-gallate (7) with
formal dehyde in a solvent such as nethamoj -or ethanol, preferably
met hanol, in the presence of an acid such as hydrochloric acid or

sul furic a(gl%ceprt?nf eESR%,X%Q?Q%% hclfl%r %%lsgptcl%%rgtl ihe rea Ué:al

tenperature’i’s no 0 any particular valué U

starting ng8igsal StARY FBRLRFOGh HatetlARbfebulald AL% ﬂtﬁfbrlpedftag
carry out the reaction at roomtenperature. Alternatively,

triners camaiaypaadyeedpbylshgsd| kel savanad- hep Usdh &khibit the
epi gal | ocatechin-3-0-gallate (7) in dinethyl sulfoxide (DVMSO and
heati ng t hergendedorffThacheat im@adddadbnon thendohponsiaret rfe prastad
in any particular way as long as the starting materials and the
product ar dnyeaienpwhicheo¥gigidien firpmppefenabtea dmve dtheowdvantage
150- 200C, nore preferablg at 180C, for a period that is preferably
bet ween 1 &¥d S¥atPAumes! ?Rﬂ%?ﬂﬂﬁﬁ(ﬂ@éﬁﬁ? for 15 minutes. The
concentration of fornaldehyde in the reaction solution is preferably
3-37 Wv% The resulting product may optionally be esterified,

hydrolyzedﬁ%]igggﬁéﬁﬁsg Eisgégd to make derived forns. [0032]
The net hod r producing the trinmers are al so
sui table for prqﬂucbessw@ ﬂwa{t%rﬂrls%xggﬁh& LR ¥nd dl%éx%t @hd

described in Exanple 3, sone diners including no

horobi sf | avainfe:d) o¥etRe PhoskR N dntasa RBRENEHS . add PASE, igHi bitory

activity The conpounds of the present invention have | i pase

i nhi bi t ory saciviengtiyg supeeoxidallariompanadieaisc |1 pase inhibitory
activity. [0033] Li pase inhibitory activity can be measured by
any one of [0¥86lli pase activity assays that are described in the prior
applications nentioned in the Background Art. As for inhibitory

activity agai nsSUBEREXEAR| a3 FI1CaT S0 (8 J é§FeP B*n@I%%r%%E%Nﬂ

4- met hyl unbel | i f er.one u S, r at asure th

f B YO AR N bl 119 s RAEY; s b b B AR FoROt

Wi ?ﬁrteﬁgelnl §,e exhi ‘éQ{.ﬂ){ FeN ar_,{jgg tg@[ é;gglﬂ?&c@ggl nhi bi '?I on
£y ?Fggg? v be € H5) teg

of |ipase sctivic u to express Ilpase

i nhi bitory ﬁﬁls\elﬂlmlhatéccgfmeoﬂdﬁm@ereaeeioﬂet heach s [ is
As will be shown in Exanple 1, conpounds of the present invention had

very | ow | Gdlivaledesoaganset coradicteiid Guchpageadsng AmMnrechddddtibhein

known |ipase inhibitor epigallocatechin-3-0- gallate (7). [0035]
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}). 1In 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 scavendge 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,



Therefore, the |ipase inhibitors of the present invention can be used
in smaller amobunts than the heretofore known |ipase inhibitors of
natural origin and can yet suppress body absorption of neal -derived
fat, thereby suppressing the el evation of blood neutral fat and/or
preventing obesity. - 14 - Since the comounds of the present
invention are of natural origin, they feature high safety |evels and

itabl e for daily and/or. prol onged j.nt that th
Sxni bit ¢ nd ARG RoAnty FRESE PR o grEcie TRESEBNPOUE 37 he

present i nventd Qi WALEPs9ET ObNRtE, m.eolgng.t.ea have the advantage

f I
of suiting nbst consuners' taste.:%$f|OX|5%nt activity The
present invygisgrs al so found that the diners and trinmers of the
present invention had the activity of scavengi ng superoxi de ani on
radi cals. [0036lthe supeBupede®xaniomba@icaddiseakenidig)adtBritykKivag of
active oxygen formed within the living body, where the radicals not
only exhi binteastugned bzi ijeavetned e bel sescmdbed an Exahpsley (51 n®@raefly,
strong oxidizing reaction. This effect is believed to cause
condi t i ons GucfRhgenfinadednycanaes of diwparantdineykagthbesy , oxidase
typically through the peroxidation of unsaturated fatty acids in cel
nenbr anes (&SR8 aBdafpP ed 1B ANDOPY WEBE BAN - X EFF CRISRBSerBEF ad. |

. 329, blished J 16, 1998). | ddi ti , i dati
0. 220 Punliahed ety a6 t008) Sl bion, goper GO,
deteror ol L AR OB el LA 1 MBSO Al AL e

which can SHRRGS i8YBREIYH den @MY FAH143! %ehRVExPRESIdEI Al 1cy, or the
characteristics in that they can prevent a variety of conditions

resul ting fampunachifva exmpes tiwt uhovg.defdosoexaippeessidie-dait W,e

rel ated di seases such as hypertension, - 15 - di abetes and
hyper | i pemgenegartdioac di seases such as arteriosclerosis, and agi ng
and cancer. [0037] The superoxi de ani on radi cal scavengi ng -

activity waP0&#dsured by the nethod to be described in Exanple 5.
Briefly, 02- was ggnerated by nmeans of hypoxant hi ne- xant hi ne oxi dase

reaction and 5, 2°GPxELRYI Tq- G - NORPgEndgs ofisklie Rresatappi ng
agent to perfor@ ur.enen N%Psurenents merﬁ conduct ed
Y

.nmea t 5&8
the presencd 6P éﬁgeﬁgg XFr%ofr%% a8 6F-1%% Pt SSIRATFHVELET oFP R e
results werg expr g386H §§p%£%;gi_@% éﬁ%ﬁ%ﬁﬁ%ﬁ%g%ﬁ&%’éﬁ t hat

provi ded 50% suppression 0 eneration.

[0039]

Therefore, the compounds of the present invention can be
used in smaller amounts than the conventional superoxide anion
radical scavengers 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

prelonged period to exhibit the intended efficacy.



According to Exanple 5, conpounds of the present invention had very

| ow | C50 val ues as conpared with conpound (7), a known superoxide

ani on radi cal scavenger. [0039] Therefore, the conpounds of the
present invention can.be used in smaller anobunts than the

conventi onal superoxide anion radi cal sd&vengers of natural origin
and can yet prevent a variety of conditions resulting fromactive

ﬁ%gf;\einggbuehngn%fpév@aﬁ@'ﬁavﬂqgf ?Liﬁﬁ)élaeiﬁﬁ:l.%@&: .féin%e/%%%nwﬁﬂi&ént

arterioscl gnestporaréd aghdypiand cancer. In addition, since the
conmpounds of the present 1nvention are of natural origin, they
feature hi gh safkeyepbyel oaatbatdn Aemepgesh@tboviarine i ofonpedpresent
period to exhibit the intended efficacy. - 16 - Food and beverage
havi ng | i pdsgenhhibinay keadingorperiadeddant ted nborquleat dob ploéesihate
The epigal |l ocatechin dinmers and/or trinmers of the present invention
may be i ncéPpoPateefenrtealn nitor dberebyppredicne %)q@%@mﬁpheﬁgr@gw

it, thereb¥ groduciﬁg f oods 3&9 beverages that have not only the
action of rBahcPAYe &t rdtly dhe AFIPBy Rt TG Etbnedmadn et pRdi ds,
agi ng and qgbesi | so, t.he action preventing a.variety. o

condi t i onsgfggﬁ{‘ %%‘gtﬁerlg%gla%ﬁl\%l 8xy%éﬁ%ﬁtl%%f%,ar%or°bgféﬁ§r el,:’UL also

life-styl ecpgl abedydi SEa565 HARAS t}&ﬂ%&gﬂ&f Oarnﬂﬁ%%%e;ﬁgﬂg&%

hyperli pem a, cardi ac di'seases such as arteriosclerosis,

and cancer £rb048tive oxydeMiAndahghe¥st agesmp It M/rlii%-fsmgleowﬂéw&
of the present invention nmay be incorporated include soft drinks, tea
bever ages, dikgasés t ondicsas heglddtetsiinks, dbabétds amds oppley1dpenks,
sports drinks and carbonated drinks (including |iquid concentrates
and prepar gegijapohteeasdprsudiess boterigesleresit examblagingf ands in
whi ch the conpounds may be incorporated include guns, candies,
jellies, c&APEBFtoneries in tablet form health foods, nutrition
supply foo?s aid di etary suppl enents. Pharnmaceutical conposition
conpri sing Ppﬁg e inhibitor and/or antioxidant The

epi gal | ocat echi p, QLIFLe SOURIAIIELS Gy bhieRl CSERlodIACRE B TRy
be used to produce At naceut | cals t hat " have no onI§ Such "actions as

the one of predugt Nond&d & HE Gid e ilP&':Br]pb:_r&‘I?ed AShdd ot 1enRE, tea

preventing a variety of conditions resulting fromactive oxygen

i ncl udi ng, vkeerayaspl Biqlid ecdiiidss hehatrdadi e afutsHah oas suﬁply
hypert ensi on, di abetes and hyperlipem a, cardi ac di seases such as
arterioscl @rasks, sporbtygidgini aodncarbonated 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



[ 0041] | f the conpounds of the present invention are to be used
as nedicines, they are provided in the formof powder, granule,

tabl et, capsule, solution, injection, dermal solution, enulsion,
ointrment, etc. Cosnetics having |ipase inhibitor and/or antioxi dant

i ncorporated therein The epigal |l ecateehin dinmers and/or trimers
of the present invention nmay be used to produce cosnetics that have
vari ous act.l el di e i iJal e i Lon,
retardati oné%&?aﬂgﬁg%&é% E‘El ﬁ%ﬁ%‘?gﬁ‘%& q{a&l&lfg? of E%gggjﬁglt?gcs in
whi ch the cesmoudsy Grdmackieseskyqay eiidaiNgy, Beri Bgenposated are
facial, skin and hair creans, |otions, gels, nousse, shanpoo, rinse,
etc. [0043]1ife-stylke mdmredndssedssdesydte sRnthyipRyeshs06n , Wi &b t8 and
be synthesized products or purified extraction, may independently be
used i n fodupdmMaremjes, celrdingcdiseasds corgposist aogherdoscbsnesiss;and
alternatively, a mxture conprising nore than one conpound of the
present i nAADRhFICeFdded to foods or beverages. - 18 - [0044]
Ther ef or e, &f an extract froma starting nmaterial such as tea | eaves
cont ai ns no %9%#han one conpound of the present invention, the

extracted m xtur o] ed.a he 1ipase_inhibitor_of_the

pr esent inventigﬁsaﬁ%héﬁF$§§%§¥a anh%rﬁfﬁﬁéﬁiﬂﬁ&ngtESHpﬁﬁ%n?%rbe used

ADVANTAGESagfraﬁfiéﬂﬁégkagyy[ggé5£rovided 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.



By addi ng whi chever of oolong tea's pol yphenols or epigallocatechin
dinmers and/or trinmers that is a conponent of the higher |ipase
inhibitory activity, one can provide beverages that retain the flavor
of tea, suit many consuners' taste, and serve the purposes of
preventing obesity and pronoting heal th.1§ 0046] The conpounds
as well as foods and beverages of the present invention also have
antioxidant[éggﬁg ity and contribute to preventing |lipid peroxidation
and agei ng F DESCRI PTI ON OF THE DRAW NGS [ 0047] [Fig. 1]

Fig. 1 shows theyieHcal §Erﬂﬁté§€4aépﬁﬁkha% Qh athengaMREES1a1 such as
subjected to the eval uation of their Iipase inhibitory activity an

ant i oxi danttgictliadves contains[hbfe Raidhe ZompoandHoBMRL&PSEdddHP Of
ool ong honmobi sflavan C(3); [Fig. 3] Fig. 3 is a 13C NWR spectrum of

ool ong - Ilthverntdrmohi $heavahr&c8ed mbtimredjmali e dmpiogedHad\Mhe lipase
spectrumof trinmer (4); and [Fig. 5] Fig. 5is a 13GNMR

spect r um ofinhibigo £ theongsent invEntigmesdithoutveapavating the
descri bed nore specifically with reference to the follow ng exanpl es
whi ch are byrHyIfAds GORPEREBESto |init the scope of the invention.

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



Exanpl e 1 [0049] Measurenment of |ipase inhibitory activity For
| i pase activity neasurenent, an oleic ester of fluorescent

4-met hyl unbel l'i ferone (4-UMD) was used as a substrate and the

fl uorescence from 4-nethyl unbel l'i ferone forned by enzyne reacti on was
measured. [0050] The buffer used in the pgasurenent was 13 nM
tris-HC1 (pH 8.0) containing 150 mM NaCl and 1.36 mM CaCl2. The

substrate 4-U oduct Sigma-Aldrich Co.) was prepared as 0.1 M
sol ution iﬁ“ﬂ%ﬁéﬁ%ﬁ&v?ﬁeﬁ?é ruted 1, 000- foId with the buffer. The
|pase subj ect eqelig ARy TRsFEAZUL EIENL WAR SPEOE-RANE Skl [AGSCana

(product of Sigma) that haa been concentr

Um with the byfdigr. s[00BiL. 5 15 JO%8LMIR N8Ry R &%@ﬁgkomﬁo
gl of buffered 4- UND solution and 25 gl of distilled water

aqueous solwd4awy of sanple) were | oaded and m xed on a 96- mell

m croplate and 25 gl of the buffered |ipase solution was then added.
After - 20 - 30h® presentathiventid)(lRbescribédMnorer spechiffdalrlgd with
solution (pH 4.2) was added to quench the reaction and the

f | uor escenceefareMce- ¥et KPpufibtleving grranmbes whichbnavevey anytieamgss
nm fluorescence mavele th: 460 nm, which was generated by the
reaction, wiseieduteqldmih Ehe| 3orRe hddepiaventiafer (Fl uor oskan
Asent CF: product of Labsystens).

Example 1
[0049]

Measurement of lipase inhibitory activity

For lipase activity measurement, an oleic ester of
fluorescent 4-methylumbellifercne (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-HC1
(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 pl of buffered 4-UMO
solution and 25 ul of distilled water (or an agueous solution
of sample) were loaded and mixed on a 96-well microplate and

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



[ 0052] The inhibitory activity of the test sanple was

determ ned as its anount that would provide 50% inhibition of |ipase
activity (1C50 in Rl) conpared to the activity of the control
(distilled water). Exanple 2 [0053] Sanples of neasurenent

Ool ong honobi sflavan A(1) and ool ong homabi-sfl avan 8(2) were

synt hesi zed in accordance with the article Chem Pharm Bull 37(12),

3255- 3563 9 I I h bj d .
di desgal | o§:;'|qj ﬁgk,gﬁ%/bﬁggggg@% glvydgn%g( V\e?reweé(fragag) S)rsgplsf) gfion
fromtea |Q%ﬁeﬁ .by {88 ﬂE&QPQKﬂ%ﬁﬁhbﬁeghénré%ﬁ%&oﬁ”ﬁﬁd“th@“Ehué%gggénce

3255-3563 (1989). Alternatively, they can be obtained by h ySI'S
of ool ong EeombisheanaDumtdll Hetonel QBgchOaPDOS fdamaRNRR): BWebhnm;
tannase. Novel conpounds, ool ong honobi sflavan C(3) and tri ner (4),
wer e synt hédupedsaadcpuvavelzhdihh:t € 0nenhhodshbéh Exayenerataddbd and
thereafter determ ned by instrunental analysis to have the structures
shown in Firgactionpcraemedsyred withepi §hnovescentd PIxie- gekllare
(EGCG, conpound 7). was_purchased - 21 - from Wako Pure Chemi ca
Industrles(FEPBr°E§§ﬁp$ ent (GosprodpRtnesi kalsivs ¥rms X+ cati on of

ool ong ho g g% avans (OHBFs) A. Synthesis: A hundred
mlligrams p )-epigall ocatechin-3-0-gall ate (Wako Pure Chem ca

Industries, Ltdg, % §@%§q:$i§l§glr’rh?o{hge{ggpog ﬁﬁ%’t al, i ag 9, OIN .

HC1 and 18.5% f or na i on was stlr roo

tenperat ur gsf Qks! alOht BhdE€Twdl@ pRevRhet BEs rﬁﬁ‘fiﬂi%ont 'a% FhighyLe
was purified by high-performance |iquid chromatography.
activity (ICgs in pl) compared to the activity of the control

(distilled water).

Example 2
[0053]

Samples of measurement

Colong homobisflavan A{l) 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 colong 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 ocolong
homobisflavan A{(l) and oolong homobisflavan B(2) wlith 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



B. Conditions of preparative HPLC. Colum: Develosil C30-UG5 (2 cn])
x 25 cm Normura Chemical Co., Ltd.) Mobile phase: A 0.1% TFA/ H20; B,
90% CH3CN, 0.1% TFA/H20; 6 mM/mn G adient program B 10% - 40%
(0-40 min); B 40%iso (40-60 mn) Detection: A 280 nm

Preparative HPLC was perfornmed under t-h&lcenditions specified above,
yi el ding OHBF-A, OHBF-B, O01BF-C and the triner in respective anpunts
Of 24.2 Merl. okl pOré CHomit] F3aBsWhsedhe,dqdi vidual conpounds
were subjected to M5 by micromass Q TOF in a positive node, whereupon
[ MkHr i on peaks were detected at nmfz 929, 929, 929 and 1399 for
OHBF- A, OHBFB, OHBF-C and the trimer, respectively. The spectral data
for OHBF- AEzrdpOeRBE-B agreed wth those shown in Chem Pharm Bull -
22 - 37(12). 3255-3563 (1989), determ ning that those conpounds had

t he struct@98§4ﬂepresented by fornulas 1 and 2 in Fig. 1. As regards
OHBF- C and t he tr| mer , NIVR rreasurerrents for H-NIVR 13C— NIVR

114( 13C) 7' t T | f ; . iA < H i K& A
DMX- 750 sp % ngé BRUKER BICSPIN) to ShOMlthat those conpounds
had t he st gPERSF L resented by formulas 3 and 4 in Fig. 1. The

114- NMR and 13Chkkﬁ%%ﬁ§ t IQHEFOQ g;?téﬁgqgiiékalé¥%1 oaﬁd allate

whereas the 111 s ectra ar e

Figs. 4 an(ﬂwﬁkoEi‘ﬁf@l&énicgfﬁ%dlu'sﬁﬁigs' nﬂt@%%&’ aaldbe8S 18 2 m1 of
ool ong honobi sflavans and their trimer i pase inhibitory

activiti esmekhahsl cospeatiting di.maNsHOL &hBFss /8% #digialdehivder hndaghe
wel | as epigallocatechin gallate (EGCG were neasured in accordance
wi th Exanpkeltitaon vhe sieioudd adr eosmonemperdaite for Thaoalren Aféter

structural fornulas of the conpounds evaluated in Exanple 4 are
listed in Kkhg. enrd pHOYH} reaction, the mixture was purified by high-

performance liquid chromategraphy.
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, QHBF-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-4, 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



Diners of flavan-3-ol having a galloyl group attached to the chroman
ring at 3-position via an ester bond, for exanple, ool ong

honmobi sflavan A, B and C, as well as the trinmer showed potent |ipase
inhibitory activity conpared with EGCG so it was suggested that the
dinmers and trinmer in which EGCGs are polagveri zed woul d be useful as

| i pase inhibitors. [0057] - 23 - Anong t hose conpounds, ool ong
honobi sfl a Ayang; Bs hawg 10 iy d)i C ekl ﬁiﬁ Pénss
activity hggqée%n v%??fle% t% be’con%é%ngé |n8 %%g teéngh%b58§¥ had

Li pase | nhitpiet 8tyudetids t i &srafentayd %lySfBQinﬁpﬂgnﬂénd 0058] Fifabhe 1is

Ool ong honovi sflavan A(1) 1C50(PM 0.049 Ool ong honobi sflavan B(2)

0. 108 ol ongghodebDHBF a@aandC(iHe trimer, NMR measurements for ‘H-NMR,
B¢-NMR, *H{'C}-HSQC, 'H{®C}-HMBC, TOCSY and DQF-COSY were
performed with DMX-750 spectrometer (BRUKER BIOSPIN} to show
that those compounds had the structures represented by
formulas 3 and 4 in Fig. 1. The 'H-NMR and '’C-NMR spectra of
OHBF-C are shown in Figs. 2 and 3, whereas the 'H-NMR and

SC_NMR spectra of the trimer are shown in Figs. 4 and 5.

Example 4
[0055]

Lipase inhibitory activitles of colong homobisflavans and

their trimer

The lipase 1nhibitory activities of six compounds (dimers
of OHBFs and their trimer)}, as well as epigallocatechin
galléte {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 flawvan-3~o0l 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
pelymerized would be useful as lipase inhibitors.

{00571



0.097 Trimer (4) 0.129 Monodesgal | oyl ool ong honobi sfl avan A(5) 0.271
Di desgal | oyl ool ong honobi sfl avan B(6) 2.083 Epi gal |l ocathechin
3-0-gallate (7)0.349 Exanple 5 [0059] Active oxygen scavengi ng
activity Eval uati on was nade of the activity for scavengi ng
super oxi de ani on radi cals generated by %3p6xanthine-xanthine oxi dase
reaction, a kind of active oxygen. Method:

Among those compounds, oolong homobisflavan A and B

having particularly strong lipase inhibitory activity had been

verifjed to be contained in oolong tea,

Table 1. Lipase Inhibitory Activities of Various Polyphenols

[0058]
[Table 1]

ICso_(uM)
Oolong homovisflavan A(l) 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 colong homobisflavan B(6) 2.083
Epigallocathechin 3-O-gallate (7) 0.349
Example 5
[0659]

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 (dissolwved
in 0.1 M phosphate buffered solution at pH 7.4) and (2) 5.5 mM
diethylenetrliamine-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-



After preparing (1) 2 mM hypoxant hine solution (dissolved in 0.1 M
phosphate buffered solution at pH 7.4) and (2) 5.5 nM

di et hyl enetri am ne-pentaacetic acid (dissolved in 0.1 M phosphate
buffered solution at pH 7.4), 5.0 mM of the solution (1), 3.5 m of
the solution (2), and 1.5 m of 5, 5-di#etshyl-1- - 24 -
pyrrolin-Noxide (DWO, product of LABOTECH) were m xed to nake

ond s noubatter oo Ropkies Pt aitacke e, RbobRal) huskd niled Fo!°°
met hanol sl %aﬁénﬁ:hﬁ.saﬁpﬁ@-%f}o%qgﬁﬂ b @Qag%gfe J?Jsf ?ﬁtmlnagd

then 50 R1 of xanthi ne oxi dase ( units/nm) wa owed by
stirring far. sléhiseserdsubd génd eaddibdted ¥tURE VA U 8GhAPekNt OT@ the
hemat ocrit tube, ‘which was set in an ESR apparatus and sweeping in a
magnet i ¢ fiislchbagedstraagedt 60, seatdsmnallt spladiiods i @h tHe >sdifiplien@as

oxi dase. The conditions of ESR neasurenent were as follows: Power, 4
MmN C. Fi eladlde@33nsapram@awg dof )20 RulnmndSultenes0 lukiof AndWide Oxidase
mr; Amp, 160; TinmeC, 0.1 sec; Tenperature, 20C. [0060] Anong
the ESR si difalds Wiss/ BhPCredHRddste foddaweds by netismag faw|l§ seconds.

strength conpared in height to.the internal standard Nh24. signal
and tge rat (""g}%ﬁflﬁﬁlsm%ﬁg’lﬂ%edﬁt% Jrné'ﬁ'rclégénim?ﬂeaal?ﬁﬂlﬂ'ﬁ°ciﬁltofpb&|rng

h - i LVi | ] i f | a:
05. Seavendiandl BsASbEVI el et U ALEE Ba| Il AP MG WG 36
the sanpl e)d; §/61M.via§ ghsr@@&ewesééoﬁ&;ef#m' &&aiﬁfé,w%éga thin

abi n (n I

To
K L e
eval uate the ity of ool ong honobisflavans A B a ners), as

wel | as thexdida®er, t 9hsCayREge iV EsRemaALoRehadh Galre @2-eb11bhekr
concentrations capabl e of scavengi ng 50% 02- (1C50) were cal cul at ed
in RM The reorir,0d wis epi Baeldca3scll mTgabviie (E5CEH .mICorgaied,t 0
EGCG the ool ong honobi sflavans (dinmers and trinmer) were found to
have strondemin; PMedwigd? Qchvelhyidwp.ad6ovi Pimef00®1} sec: Temperature,

20°C.
[0060]

Among the ESR signals from DMPO-QOH, the signal of the
lowest field strength was compared in height to the internal
standard Mn”'signal and the ratio (S5/M) was assumed to
represent the amount of 0,  and the 0, 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 ocolong homobisflavans A, B and
C {(dimers), as well as the trimer to scavenge superoxide anion
radicals (0;"), their concentrations capable of scavenging 50%
Q;” (ICsy) were calculated in pM. The control was
epigallocatechin gallate (EGCG). Compared to EGCG, the ocolong

homobisflavans {(dimers and trimer) were found to have stronger



[ Tabl e 2] Table 2. Superoxide Radi cal Scavenging Activity

Sampl eM W 1050 (PM ol ong honobi sflavan A(1)9287.9 ol ong
honobi sfl avan B(2)9288. 1 Ool ong honobi sflavan C(3)9286.2 Tri ner
(4)139810.1 EGCG (7)45814.0 - 26 - CL EPB An epi gal | ocat echin
gallate triner of the fornmula: OH [2] A pgrocess for producing

epi gal |l ocatechin gallate trimer according to claim1 which conprises
reacti ng ahl axavergdngwiachif-dtyal dehyde in the presence of an acid.

[0061]
[Table 21}

Table 2. Superoxide Radical Scavenging Activity

Sample M.W. ICso (M)
Colong homobisflavan A(1l) 928 7.9
Oolong homobisflavan B(2) 928 8.1
Qolong homobisflavan C(3) 928 6.2
Trimer (4) 1398 10.1

EGCG (7) 458 14.0




- 26 -

' CLAIMS

[11 An epigallocatechin gallate trimer of the formula:

[2] 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.



