- 1 - SPECI FI CATI ON EPI GALLOCATECH N DI NERS 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
triners having |ipase inhibitory activity, and foods and beverages

t hat have those diners or triners incorpbrated therein. The invention
also relates to epigallocatechin dinmers or trinmers having antioxi dant
action, and foods and beverages thagpgharecitoge diners or triners

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

[ 0002] Li pase I nhibitor, Wth the recent westernization of life
styl e i n JapBRIGRREOCATREIN fDIMERS- DRt TREMERS HAYING JaPAsEs ENHEBPT@RY
is ever increasing. According to the 1999 Japanese national nutrition
survey, the energy int aRETSVITHANRYR AT ISXIPRANThAESTEEERY 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 h r normal neutral fat and cholesterol |evels
(Mnistry gﬁﬁﬁggggﬁ Figggr and Wl fare, "1999 National Nutrition

Sur vey Resql %6 2 - Summarized", R nshou Eiyou 2001, 98(5)577-588).
[0003] esity is one of the nost serious conditions in nodern
society and i s Wgigl Yn@éﬁfi&?%éﬁt@&c%%sb?@ghﬂi%&@éhid mlqémsB%§l des
obesity, excessive lipid intake is known to cause the onset of

associ at ed tdiimeaseRavDag Ulips ¢l ahaibasorkly aetivPER] aand YiRydse Rgidon,
and arteriosclerosis. The only drug that has been approved in Japan
for treatimgvelmegesythat thaveapileisd digeppr esstntimébg i Indairporagedt er ed
trademar k) but Mazi ndol has been reported to cause side effects such
as dry ﬁDuﬂWer@éﬁStlﬁh@l%@WeQﬁ¥ﬂﬂﬂﬁLﬂQZrﬁﬁatﬁé te oemkgal lasmteehing on
or nausea, etc. (R nsho Hyoka, 1985, 13( 419-459; Ri nsho

Hy oka, 198511’“??(52)’]: phimasd - Beging G&t&io&édﬁﬁgaﬂ"t-'z%‘i‘n @ (froé’éilsslaéﬁed

demar k drug_h ff i phi bi
upprocs | ReSeEPHEr "PARE RN AR GinegR " BrcChired ety

obesity, b e:?:%& cal Tﬂésoﬁé&?ﬁg'}d&ﬁ%%t EQ}&%&%&%H@&%&& %'o@e

effects such as atty st guent novene oose
passage, dip3oEedng 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 naticnal 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 cholestercol levels (Ministry of Health, Labor

and Welfare, "1999 National Nuirition Survey Results



stomachache, etc. (Lancet, 1998, 352, pp. 67-172). [0004]

Anot her way that is known to be effective in preventing obesity is to
reduce caloric intake through a diet reginen. However, this approach
requires strict nutritional guidance and control and, hence, is
difficult to inplenent in everyday life. 2Therefore, if body
absorption of neal-derived fat could be suppressed in a safe and

heal t hy manfifinard zeGaACt ReALneAdEBfdieCidore, rRASYEe7couby, be of fered
for treating obesity and associ ated di seases and pronoting health. -
3 - [0005] [o003] Under the circunstances, attention is being drawn to
t he devel opnent of "foods for specified health uses" which have been
proven to be sabezndyefitectne vef | thdiummEts.seEdods tondspiend iigd nvgleirnh
uses that have been sold to date as having the ability to suppress

t he i ncr eas@ddfetyogngr Afdhalinkeragsmidind dio excepsiEpe sinkakedit dipids.
gl obi n di gest that supg%esses fat. absorption b* i nhi biting pancreatic

i pase (J. B4fldes1988511¥8 eppesshi%ot AREEREF 1RUFRPYR offalCadtSce BE
and Vitam ngl oqy, 1999 2(2), . (1-77;: Kenkou. Ei you Shokuh

Konkyu, Jagia et RorBsaasen AFFeades Alis EEg TpbBes Dot e apenia.
pp. 131-14 ' i aly o] ' ' rent »dL.g I, 0, [
characteri ﬁﬁpggt%%%ggédgﬁg %uf-?%}(%/ g y{({asre'Lo ) (\T %A%ﬁi%o#@t‘?ﬁﬁﬁqg h2
2000, 19(6)pediP-aphsSveabindiipakibdh AddtimPobesitf2ls A AGEAYD) .
and ei cosapent aenoi ¢ acid (EPA) and docosahexaenoi ¢ acid ( t hat
are purifi efhifpremshinthMazinddd CréfisterslipiizashatR® 8BRS MY irid0has
dietary fat using the foods for specified health uses |isted above,

it is desi rmsne repatrtedeyoacausagebde e ifmgpdishenchi b denlmouttiowever,
it is predicted that the foods |isted above may affect the flavor of
food and b&rRsigPatdope fgareanferhiim thee shisdaehl | veritepbiyon [BD06]
Sonme pol yphenol s are kn to have actjvity i i

?mn iq |nhibitin% | i pase.
Among the &¥8Hf5%es ot&pod REBSRY H¥ekay Ll38mmil3 (ddri PRd #1914 3 aftinshex
(JP 60-119 , in fl avonpi ds d glycosi.des_thereof that
are contaiﬁéﬁﬁ%ﬁ bﬁggregagFEOUEPDIé§é15é§;§iaoﬁgﬁﬁﬂﬁ éﬁﬁa%ﬂ %E;L»,
lipid absor(&telhg%t%%ﬁr ‘E§§h&garr:)f1 a dOgf AN u'f?%B{i_Qﬁ’{ af gl dherein
epi gal | ocatechiin gallate and epil cat hechli n gall"ate at are e main
conponent s jighi@ieeryt aatiJPry- 228660pss lifRase 1hANi Bht 04SN drSi AG
wat er extracts of green pepper, shineji nmushroom punpkin, Gifola
frondosa, Sargaeswarkesi Fornerédbivgydbeaitghelbht gerttal ata®Hraln? ®egn
tea (JP 3-219872 A), flavone and flavonols (JP 7-61927 A),

hydr oxybenz@rordeidd$o( galkecvariels (e -elfif2@22 Apucht astBaplanestools,
conpounds and their derivatives (JP 9-40689 A), and antiobesity drugs
cont ai ni ng THESRRRY Brieds meupBeR Y. akOeHP RASSege ngilarreed. (JP
9-291039 A).. Also known are |jpase inhibitory action_of_grape seed
extract (NAHFREBROAS008EC 10 LEnest  ph99ty7@%70PP - A8-1 7 Bhse
inhibitoryyﬂﬁﬁhﬂn of Sal aci a obl onga derived pol yphenols and their
antiobesity action in rat (J. Nutr., 2002, 132, pp. 1819-1824) and

the antiobesity i o] 04 r j I nt . .
1990 23, pp.  STOERT PaBospatos Wnghl [@flnd REFRUERL b preveitity

ool ong tea drsigen s’ @BokkaAcHYcaABEYLE enfRkE @hEouln Qn@ié’@pﬂirﬁimen.
subjects were allowed to drink commercial oolong tea in 1330

porti ons dadwevear, thiswaphsoach sheguires gitirfiictantitdi opohdl bdqwiothnce
neutral fat |evels (Journal of Nutritional Science and Vitam nol ogy,
1991, 44(4)andeonzFol2894, ahenée, ahotdeFficidr gl émphemérbeale everyday
subjects with sinple obesity were orally adm nistered oolong tea (2 g
X 4/ day) fo¥iEs -xng'@ﬁéf9€9ffpvelﬁe'ék@¥a¢m5‘arﬁﬁéi°ght°fl Be3loflenivedfat roudd
was observed in 67% of the subgects and, in addition, the subjects

showi ng hi it FUEBFeTEaLr &P PatatR RS REah Y 8GNEPYNi fi RERETICAL and
|nprovenﬁwﬂé%fgg%?%el%%%%Ekggcggigngetgg%éfg)lfg% treating obesity and

associated diseases and promoting health.



- 5 - of The Japanese Society of Cinical Nutrition, 1998, 20(1), pp.
83-90). Non- pat ent docunent 1: Mnistry of Health, Labor and
Wel fare, "1999 National Nutrition Survey Results Summarized", Rinshou
Ei you 2001, 98(5)577-588 Non- pat ent docunent 2: Ri nsho Hyoka,
1985, 13(2), pp. 419-459 Non- pat en8 docunent 3: Rinsho Hyoka,
1985, 13(2), pp. 461-515 Non-patent docunent 4: Lancet, 1998, 352,
pp. 67-172 (Newspatent docunment 5: J. Nutr. 1988, 128, pp. 56-60

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

Vi tam nol ogy, 1%88er52(2) cippumgtdances, attebNetopaienbeiiosudmnim To the
KenkowEi you Shokuhi n Kenkyu, Japan Health Food & Nutrition Food
Associ at i ordeved@PmeBt3pf [5}500431fq14$PeGifiENohepétbnlusedi)'bumémh Zaveg.
Am Coll. Nutr. 2000, 19( P 789- 796 Non- pat ent document 9:
Cin. Chi mPe&s é’rOYGé}ltOl‘E?Zi‘a PAnd ffLppEive in Né‘ﬁa%t erftoqdisc dPent

10: ML e 2008 10561 Ohas PR 1SR BT RRL L e, L1

Qoes. 199%&1 %bl&gtyggo suppress the increase of postprandial serum
neutral fat levels include a globin digest that suppresses fat
absorption by inhibiting pancreatic lipase (J. Nutr. 1988,
128, pp. 56-60; Journal of Nutritional Science and
Vitaminology, 19%9, 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
i1s 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 gso 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



105 Non- pat ent document 13: Journal of Nutritional Science and
Vi tam nol ogy, 1991, 44(4), pp. 251-259 -6- Non- pat ent docunent

14: Journa

of The Japanese Society of Cinical Nutrition, 1998,

20(1), pp.83-90 Patent docunent 1. JP 60-11912 B Patent docunent 2:
JP 8-259557 A Patent ~ 4 -

foods having incorporated therein epigallocatechin gallate and
epicathechin gallate that are the main components in green tea
{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 acids {(gallic acid) (JP 1-102022 A), triterpene
compounds and their derivatives (JP 9-40689 A), and
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



docunent 3: JP 3-228664 A Patent docunent 4: JP 3-219872 A Patent
docunent 5: JP 7-61927 A Patent

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

Non-patent document 1: Ministry of Health, Labor and
Welfare, "199%9 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 Focod & Nutrition Food Association, 2002, 5(3),
Pp. 131-144

Non-patent document 8: J. Am. Coll. Nutr. 2000, 19(5),
pPp. 789-796

Non-patent document 9: Clin. Chim. Acta. 2001, 11(2)., pp.
109-117

Non-patent document 10: Nutrition, 2003, 19, (10), pp.
876-879

Non-patent document 11: J. Nutr., 2002, 132, pp. 1819-
1824

Non-patent document 12: Int. J. Obes., 1999, 23, pp. 98-
105

Non-patent document 13: Journal of Nutritional Science

and Vitaminology, 1991, 44(4), pp. 251-259



docunent 6: JP 1-102022 A Patent docunent 7: JP 9-40689 A Patent
docunent 8: JP 9-291039 A

Non-patent document 14: Journal of The Japanese Society
of Clinjeal Nutrition, 1998, 20(1)}, 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 OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
{0008]

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 ocolong tea



DI SCLOSURE OF THE | NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON

[ 0008] The previously reported |ipase inhibitors shown above are
by no nmeans 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-cénsistent way unless the
anount of the active ingredient in the plant extract is clarified,

because theahext! sadtsi faffy SehsundrLOr itgishte,[ 000Rhs to be ldrdadisti QArgd
| i pase inhibitor derived froma plant that does not suit nany
consuners' enasigh igeanbitiés ked \praveafeffderttite bhaviiiofid ot @ractical
beverage in which it is incorporated. Hence, |lipase inhibitors

ori gi nati ndnf eyerydayt hdfesui fupariynac onsanple’ coreent e v oolong

prom si ng candidates. On the other hand, if one wants to |ower the
lipid | evelted & 86toAgPTRGticaly methosk. &dither nafijn e st hdss tocaseh

0 oSk B5a SR T SR PR S B

concentratqﬁ%ﬁoqolong tea is not a practical nethod, either, since it
has too much bitterness and pungency and al so high caffeine content.

[0010] AN aAQbbeGEctt NeR&t O Sre Olofl RRePHESESL | TWRIHY iYh 1S Q

provide a |ipase activity inhibitor that shows high rnhibitory
activity agaiovdldepantipabé CadtPassy LHAhIBRRHESBhiHeshed MilgHOA ndfibitory
meal -derived triglyceride and/or which contributes to suppressing and
preventi ng asidsiitty. ap80idt pancrediniat Ndpasebj ect s@hpides s alisorption
invention is to provide a lipase inhibitor of oolong tea origin that
sui t s many cdonmsgdedsrivedt Eragtvaanigde wndl onovhigpadonttidutesydo of

t he food or beverage when i ncorporated therein. [0012]
suppressing and preventing obesity.

[0C11]

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]

5till 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 conditidns
resulting from active oxygen including, for example, life-

style related diseases such as hypertension, diabetes and



Still another object of the present invention is to provide processes
for producing said |ipase inhibitors. [00131 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 anot her object of the present invertBoRn is to provide an

antioxi dant that can prevent a variety of conditions resulting from
active oxyqhd:ialpuing. ohphi g WRlfasdd IV Le heLatedsdlanians suan
as hypertension, diabetes and -8- hyperlipema, cardiac di seases
such as artf£§irep en@d eshgerand agi ng and cancer. [0015] A still
further object of the present invention is to provide a |ipase

i nhi bi tor gro1®] an antioxi dant, an effective anount of which can be
correctly incorporated in foods or beverages. MEANS FOR SCLVI NG THE
PROBLEMS [ 0016] 2Epsitddlll Svather ol etithefs tied presaptsinventiomsi smdans
for attaining those objects, the present inventors found ingredients
in ool ong tREPHK 3 ARPBFEctnPERtrUatand/ g ade apsioridant { A mffective
absorption. Theter%se é jnventors evaluyated the |lipase inhibitory
Activi Ly ofeRHRY ZE BRLCBOFSHHRAOF THeadn i RCRTBBFBAGIL b5 SRRAT Gt

t hat an eMéggérc%£echin dimer of the follow ng structure in which
epi gal | ocatechin=uni'ts are pol yneri zed via a nmethyl ene group that
bridges their chroman rings at 6- or 8-position: [0017] [Fornmula 1]

MEANS FOR SOLVING THE PROBLEMS
[00161

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 iphibitory activity of the
various polyphenols present in oolong tea and found that an
epigallocatechin dimex of the following structure in which
epigallocatechin units are polymerized via a methylene group
that bridges their chroman rings at 6- or 8-position:

[ool7]

[Formula 1]

OH
R'jov., = |
HOD\“'“ 0"SCOH  OH
HO CHy @0”
OH HO_~[ 0 Aoy
l/ i
OR,



OH HONO' ' OH OH HOCH2 OH H0,4,0, 'O R2 OH - 9 - [0018] wherein R
and R2 are each independently H or a galloyl group, had high

I nhibitory activity. [0019] Preferred diners of the present
i nvention are conpounds represented by the follow ng fornulas: [0020]
[ Formul a 2] -9 -

[0018]

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]

OHOH
0y X
OT\,Q HO 0 OH

HO ~+"0"~""OH OH H,C 0

CH Z OH /|
HO™Y wo_ Lo Ry
OH
s OH
OH @
OH
1: R=galloyl OH
OH 2: R;=Ry=galloyl
5: R=H
6: R,=R,~H
[0021]

which are oolong homobisflavan A(l}, oolong homobisflavan
B(2), monodesgalloyl ooclong 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]



[ 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 |l 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]- 1jo0@24] al so had high |ipase
I nhibitory activity. [0025] Al so according to the present

I nvention, an epigallocatechin triner the followi ng structure in
whi ch epi gal | ocatechin units are pol yng ?F vi a net hyl ene groups
that bridge their chroman rings at 6- jror 8-position: [0026]

[Formul a 41 OHOH HO 0.~ ~"0oH
HO o
0

HO OHHC' OH OH
Y oH
Hoj@«"‘ 's) OH OH
HO
OH

[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 wvia methylene groups
that bridge their chroman rings at 6- and/or 8-position:
[0026]

[Formula 4]

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

group, alsc had strong lipase inhibitory activity.



R30, HO 1l OR HOCH2a OH OH HOOOH OH [0027] wherein R3. R4 and R5 are
each independently H or a galloyl group, also had strong |ipase
inhibitory activity. [0028] A preferred epigallocatechin triner
is a conpound represented by the follomnng formul a: [0029] [Formula
5] OH HO HOO—I [ 0030] 11

[0028]

A preferred epigallocatechin trimer is a compound
represented by the followlng formula:
{0029]

{Formula 51

”°m

H O on
°’O<1

0

D ° OH

HO o, @ou
Iﬁi’) °
OH cH 0

Q

X

=

2 OH OA\QOH
OH
OH OH
o OH
OH
HO" Y “OH
OH ,
[0030]

which is named as compound (4}.

Production of eplgallocatechin 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(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 ocolong homobisflavan B(6)

can be recovered from tea leaves by the method described in



whi ch is naned as conpound (4). Production of epigallocatechin diners
and trinmers The epigall ocatechin dinmers of the present

i nvention can nostly be synthesized or purified for recovery by

met hods well known to skilled artisans. For exanple, ool ong

honobi sflavan A(1) and B(2) which are bokth -epi gal | ocat echin diners
can be synthesized by the nethod described in Chem Pharm Bul

37(12), 32%5eR568n61A8%u1 her eam monaeseahl prbegpl ong homobi sf | avan
A(5) and di desgal | oyl ool ong honobi sflavan B(6) can be recovered from
tea | eaves [bp3the net hod described in - 12 - Chem Pharm Bul

37(12), 3255-3563 (1989). [0031] The trinmers of the present

i nvention are pHlbduteimeystéee fhe Iowisegptpiogedtien &xre gitodudeldepycéane
be produced b process including the step of reacting flavan-3-ols
such as epﬁ@éﬁPUéBQeEﬁP%e@PIﬂgﬁﬂﬁﬁﬂﬁila7)th@VhGﬁ@rh@JEkﬂ@Rﬂﬁd Pyaa

sol vent such as nethanpol or ethanol, preferably nethanol, in the
presence oPTRACEE; 4NSLERing Wﬁﬁﬂ%ﬂﬂﬂ(ﬂﬁ EGQEFHnﬁrf%@N#Qﬂ?TP%ﬁnﬁ§Ch as
preferably ochlor C. aci reactjon te rature i s not
limited to 8ﬁ9a?éP¥a§ﬁ?%}“ 1% ﬁﬁﬁhSTQSwg%% 5P é%f?ﬂﬁ(%ﬁ 2's and
the pr oductso§§’§n§t QQE&I %ytmétgl}%ﬁqlprog %rt'i'EQDE.O %é’r%ﬁ% mMetha git ! On

at roomtenperature erna t he trlnér can foduced by *

di ssol vi ng hkayaBsan8l & Chn i a
di et hyl sul Forrae (VO ang&hjggtsﬁ%é{ o b g o %lbfﬂmc

reacti on caeddti ppefar&bIPto)oIN tedidothadyipasti€ul arhavaye sk ilbang as
the starting materials and the product are stable but the reaction is

pr ef er abl y teaperetiupat iat nd5@AN0E 4 or enpr phet athYantvdl3RCasf abng as
period that is preferably between 1 and 30 m nutes, nore preferably
for 15 m nthesstFréingrmaterialomnd ther pabduhydare nstalele dwdt lonis
solution is preferably 3-37 wv% The resulting product nmay

opti onal | y PEELETTER, FPeﬁachﬁ‘!ﬂ VA TERCEHLRBr F sEOPT ckRmRedad Uk e
derived fo met hods descr.i ua?ﬁgove for _pr.oducing

the trimer SIEPEREPLEELEr « EF A BICTT SR PROSER 45570 TRl o,

=11 Do kLA E55 08 4 SOUELe chegSATE 9L0TE RN 0ot

i nhi bi t ory sagkiWlysulfoxTde CMBWUNER @Lfeaﬁ:tiﬁgpfﬁée%lﬁﬁwt | @pehave

| i pase inhibitory activity, in particular, pancreatic |ipase

i nhi bi t ory haativbt Yeaction 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 bhetween 1 and 30 minutes, more preferably for 15
minutes. The concentration of formaldehyde in the reacticn
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



[ 0033] Li pase inhibitory activity can be neasured by any one of
the |lipase activity assays that are described in the prior
applications nentioned in the Background Art. As for inhibitory
activity against pancreatic |lipase, an oleic ester of fluorescent

4- et hyl unbel |'i ferone may be used as a siibstrate to neasure the

fl uorescence from 4-nethylunbelliferone that is formed by reaction
with the | hRas8isFNE&vAADHENE) Ofelde SRV h i ﬁgqyi nhi bition
of |ipase activity (1050)nn%y be subs#?fﬁtgg ?ggiigﬁigs s%base
inhibitory activity in accordance with the usual nethod. [0034]

As will be shown in Exanple 1, conpounds of the present invention had
very | ow 1050agel debibfbongtagaincitgati c | i pase as conpared with the
known |ipase inhibitor epigallocatechin-3-0- gallate (7). [0035]
Therefore, the Thpasempohn@s tof sthef preseptedpment homettaven ldpasee used
in smaller amunts than the heretofore known |ipase inhibitors of
natural or FGPAPARATEaRCHAY L Yippie RAIHGEP1aEs oPpREBRA bEC Nediasger i ved
fat, therebé Sgggressing.the el evation of bl ood neutral fat and/or
prevent i ng 8BeEHEGTY 3G HVItE hce the conpounds of the present

i nvention 358 gf natural origin, they feature high safety levels and
are suitable Pog dai ly and/or prolonged intake so that they can

hi bit the integ i AA t f
exni bi e i nt gnggde eihh 8EYory AdYiliyORan Q@xﬁ%ﬁ%@%ﬂf%&pgg%gﬁpgggf

present invention which originate fromoolong te

of suitingtheslipapeuUARE Sviepiassayy itatdant @6séVMided in the %Q‘?cor
present inventors also found that the diners and triners of the
present inapplioathadsthentidried tinh athesBavRggobagd SAPES OXsdEocani on
radi cal s. [0036] Super oxi de anion radicals (02") are a kind of
active oxydahibdtasy acthvity Rgadindihgabodpativhel Epadew, readicdalisc ereter
only exhibit sterilizing action but also induce an indiscrimnate,
strong oxi @fzEAgoreacerbnd -mehylemhedl iferpae| Byvdoe Jisafuss a

condi ti ons sgch ag_a ing and c qgﬁr tion in the_living body,
typi cal |y CHPEEGRTEREC PRFRR Y OGhSSPBF&t B M atty acids in cel

menbr anes (,S S NEDI DL CTl RY,.. 18 ed.,
p. 329, pu%lﬁgﬁgggﬁgﬁégﬁ£&%%fﬁ%iﬁgggqunfgaﬁPéf% ,r%F%ﬁ3Q%dﬁia '%Ee
reacti on ofy 4 tur d [ 13 15,0 i £25 tdpd Y ‘4
deteriorat ilg%&i%d rr%ge?ﬁeﬁﬁ%ﬁé %\V%Fsvag% 1ien9§ﬁ’£" %#r?‘l’sm on 5?1‘!#' é’?ifh-igégrlon
fromthe fee@diifheeehotevitye LORPOHAEHOfsURe iREEERN I S¥PNdP N ipase
whi ch can scavenge superoxi de ani on radi cal s have benefi ci al

char act eri dhhdbitoryhattiteyy can queieiince wath etlye ofisOndidth@ds
resulting fromactive oxygen including, for exanple, life-style

rel ated di 468843 such as hypertension, - 15 - di abetes and

hyperlipem a, cardi ac_di seases such as arteriosclerosis, and agi ng
and cancer. 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.



[ 0037] The superoxi de anion radical scavenging activity was
measured by the nethod to be described in Exanple 5. Briefly, 02- was
generated by neans of hypoxant hi ne-xant hi ne oxi dase reacti on and
5,5-di met hyl - 1-pyrrolin-Noxi de was used as a trapping agent to
perform nmeasurenment by ESR Measurenent stavere conducted in the
presence or absence of conpounds of the present invention and the

resul ts werss RXPLERS %gmﬁéuﬁ&‘g’oof) e H @ ATRH ! iggiﬁfm& tcﬁ_‘atn tura

provi ded 50% suppression of 02- generation. Accordi

Exanpl e 5, szamaeyndsedf £eheups asRMH gawzgt hePenaday@rard %llt(&me for
val ues as conpared with conpound (7) nown superoxi de ani on

radi cal scasdigernd/683pFolonged Bhieratdeose, thhe tloeparHide:0fi Hilte the
present invention can be used in smaller anopunts than the

convent i ondintemdedorEfdcany on ¥radidsditiopavéhgecempdumis rfalther ipgiesent
and can yet prevent a variety of conditions resulting fromactive
oxygen i nc|w%i°powhéﬁlamémqﬁeef§m eoilengt beh e dde adieniage

hypert ensi o betes apd h em a, cardi ac di seases such as
arterioscl §|u§' l&ﬁd“‘ﬁﬁ?n@%ﬁﬂ“e&‘ﬁcéﬁ“ Pn addition, since the
conmpounds of the present invention are of natural orlgin, t hey
feature high safety | evels and can be ingested over a prol onged

period to t i ggf efficacy. - 16 - Food and beverage
havi ng Ilpgggigﬁﬁgﬁhe aBLES antioxi dant incorporated therein

The epi gal | ocat epki prekaRt siH 1 rd E1FRI $o@hat P8a PrEafEM: rldPeeRhigon
may be incorporated in tea in order to potentiate the polyphenols in
it, therebytmimedscioigtheopsesstt Hawanagea hhat thevecioiigniof t he
action of reducing neutral fat and preventing peroxidation of |ipids,
agi ng and cisayienginpusupeésexide acionomadicpileventing a variety of
condi tions resultlng fromactive oxygen including, for exanple,
life-style [0938tled di seases such as hypertension, diabetes and

hyper | i pem a, rdlac Lseases su arteriosclerposis, and a
and cancer. [00% erox eE&%&ﬁﬂ(ﬁ?i%caaévépade§rPnamhFBﬁ ?ﬁea%Bﬁﬁ%unds

f th d f
bever ages. g tponeRar TRtur TR AT ket (RS IR yraieeg, o€
sports drinks.ARdnGas LORaL Lt iy Sdtiiae! Hm:ngléa %&héﬁor&ent rates

and preparatory powders tor these beverages), and exenplary foods in
whi ch the qwm@u:ﬁrdﬁliﬁayepestm@r Qﬁﬁ&iﬁdnlgn%us@l&wm THANH/Rct is
jellies, confectioneries in tablet form health foods, nutrition
supply foodslisveddiiet aayse uppldinenins. sBear Hacegimgadnd:mﬁaltﬁ.ﬂn in
conprising |lipase inhibitor and/or anti oxi dant The

epi gal | ocattéehildvdngebedundtypicallyerthronighhther pseortidabient iocdn may
be used to produce pharnmaceuticals that have not only such actions as
t he one Of1ggﬁﬁ@¢ﬁ§egrfetyze¢¢%ﬁg;1qmggll 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,



- 17 - also the action of preventing a variety of conditions
resulting fromactive oxygen including, for exanple, life-style

rel ated di seases such as hypertension, diabetes and hyperlipem a,
cardi ac di seases such as arteriosclerosis, and agi ng and cancer.

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

(201 el Ca8G 0L A0pel LESHLN (B! 0L N, 1 o

| :
oi nt ment, met 1 cs” navi 'pase i n i dant

i ncor por at ef-ddisl@llerosis, dRE &PMAldRCAGRALN di mers and/ or

trimers of the present invention Tay be used to produce cosnetics

t hat have v@gdaws actions including the prevention of |ipid

per oxi dation, retardation of aging, and skin whitening. [0042]
Cosnetics in whilhle sheecorpdensisiaf rdid qaleseatrehg¥egt aorivEey has
incorporated are facial, skin and hair creans, |otions, gels, nousse,
shanpoo, rimessuredc by[ 0Da3fethod tohie cemeaibed dh Ekamplesent Briefly,
i nvention, which may be synthesized products or purified extraction,
may i ndepefienitds FIard@d RYf BEABF bel hreran iHaer¥aathing| oxidase
conposi tions or cosnetics; alternatively, a m xture _conprising nore
than one cAfFSUH@ o Eha  pr SLBAERY HileRyTEo gy Noexdfde cvrs a15ashds or
beverages. , - 18 - 44] Therefore, if an e act._froma
starting rmiHﬁQE%ngé%g%ngst?e%?f%ﬁﬁﬂn?%ﬁﬁﬁ%ﬁ“%?tnﬁ?eé%gan M HSHE8TAd
of the pre i LaR, i h SR g [ y.be d

the lipase In ié?*gpbggatﬁé g?%?%%t |nveg%¥%%s%P?Eoﬁ? %§§§+a($%§%fﬁge

i ndi vi dual meERe ihgentDYANIAGES OBl tSNVENE! bressed as ICs, 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 ICso 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 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

prolonged period to exhibit the intended efficacy.



[ 0045] By addi ng whi chever of oolong tea's pol yphenols or

epi gal |l ocatechin dinmers and/or triners that is a conponent of the

hi gher |ipase inhibitory activity, one can provi de beverages that
retain the flavor of tea, suit nmany consunmers' taste, and serve the
pur poses of preventing obesity and pronotd rg heal th. [ 0046] The
conpounds as well as foods and beverages of the present invention

al so have #8bh0XhdaBEvaesdy ik AR 180ALE! BHhenL 0P AYEN gﬂm&a Bant
per oxi dati on and agei ng. —
[Fig. 1] Fidgcotpshawtsdt tieexdrin cal structural fornulas of the sanples
subjected to the evaluation of their lipase inhibitory activity and
anti oxi dant act¥Thétgpigallocatfidélyn Himerg. afd)er at2imek-d\dE thecprasent
of ool ong honobi sflavan C(3); [Fig. 3] Fig. 3 is a 1312-NWR spectrum
of ool ong inventionoRdhi k¢ |Javeﬂrmr@)ted[ Khgted] ifFgrder itp @otenkiEte
spectrum of triner 5] Fig. 5is a 13C NME
spectrun1thFrPﬂ%¥Péﬁ§°lTOUh9F‘ there%ﬁépﬁngﬁ%ﬁglﬁﬂRﬂﬁ|4ﬂ¢ P@Verages

d bed ficall th ref to the fol| |
uhi oh are BieRotREArOf RrHaArd ST CEnEeGueED oTetRAd FAbnaRRn.

preventing peroxidation of lipids, aging and obesity, but also

the action 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



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
measur ed. [0050] The buffer used-i A7the neasurenent was 13 nmM
tris-HC1 (pH 8.0) containing 150 mM NaCl and 1.36 nM CaCl2. The
substrate 4z 1D {1y %tqfonotafspgeaeﬂﬂﬁ%czh Fer et pﬁ%fp%ﬁaiﬁﬁioﬁé 0.1 M
solution in DVSO and then diluted 1,000-fold with the buffer. The

| i pase subjmsediert irgy ArrMacttesubLPBah WRSLEWNRE FaBCERahpLel i pase
(product of Sigma) that had been diluted to a concentration of 400
UmM wth thifdidtfyle del@Fed diseasde such tad hypertensioracliiabetdd and
R1 of buffered 4-UMO solution and 25 pl of distilled water (or an
aqueous sol Rl igreniayplcardharediseaerss agnrhniasearsariogelondsis, and
mcroplate and 25 111 of the buffered |ipase solution was then added.
After - 2039ingh aRd, R8@Se&action, 100 gl of 0.1 Mcitrate buffered
sol ution (qg)4:%%1mas added to quench the reaction and the

f1 uor escence’$ 4- et hyl unbel |'i f erone (excitation wavel engt h: 355

et porescencordael blundBlol ne W EILAP S AURARGBhCHEDYEd e used

reaction, was neasured | uor esc ate rea uor os

Asent CF: FHéxﬂgaidﬂhésab%$%§ea§é p£99§34d in théTQ%rhanbb%ﬁﬁgr,

activity of the test sanple was determned as its anount at woul d

provi de 50%faruil t itemiefht,| cppselact yidyidd C&que&thbh), a@ﬁiﬁélied to
the activity of the cont r ol (distilled water). Exanple
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 foocds or

beverages.



[ 0053] Sanpl es of neasurenent Ool ong honobi sflavan A(1) and
ool ong honobi sfl avan 8(2) were synthesized in accordance with the
article Chem Pharm Bull 37(12), 3255-3563 (1989). Monodesgal |l oyl

ool ong honobi sflavan A(5) and di desgal | oyl ool ong honobi sfl avan 8(6)
were extracted and purified fromtea | eaV@s- by the nethod descri bed
in Chem Pharm Bull 37(12), 3255-3563 (1989). Alternatively, they
can be obtaigweghpy hydrolysis of ool ong honobisflavan A(1) and ool ong
honobi sfl avan 8(2) with tannase. Novel comnpounds, ool ong

homobi sfl avan Clier¥brtl,i MBI af 4dxt Med€ S35 fée%*té%@iﬁﬂdmﬁ"e'éi‘iéf%lﬁﬁh as
the nethods of Exanples 3 and 4 and thereafter determ ned

i nst runment atesrnalaywiss coathaue mbee StHALC idifee ToRipOVAAl BF Ftle ﬁ-resent
Incidentally, (-)- epigallocatechin-3-0-gallate (EGCG conpound 7)

was pur chasigdrentidh,- theopxkVWaaot&drei:Gher caly bedesmploged 44 dthe lipase
Exanpl e 3 [0054] Synthesis and purification of ool ong honobisfl avans

( OHBFs) /\lQENﬁ#R9¥ &1 the prasephdiwenhiion gidhouss separating the
(-)-epigallocatechin-3-0-gallate (Wako Pure Chem cal Industries,

Ltd.) was dt&ol 1 $OBPRPEBES et hanol cont ai ni ng 0. 01N HCL 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 hi gh- per IngU e C ?ﬁﬁf aphy. B. Conditions of
preparatlve;t ﬁBEPc‘ Q%(ﬁ Eﬁnhﬁgehﬁ 0S| %O-UGS (2 cmd) x 25 cm Nonura
Chem cal Copgpdgd.) Mobile phase: A, 0.1% TFA/H20; B, 90% CH2CN, 0. 1%
TFA/ H20; 6 n1/n1n G adi ent program B 10%10% ( 0-40 nln) B 40% i so
(40-60 By adding whichever of ocolong 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 Y’C-NMR spectrum of ocolong



mn) Detection: A 280 nm Preparative HPLC was perfornmed under
the conditions specified above, yielding OHBF-A, OHBF-B, OHBF-C and
the trimer in respective anounts of 24.2 ngy, 17.2 ny, 5.6 ng, and

13.8 ng. The individual conpounds were subjected to M5 by m cromass
Q TOF in a positive node, whereupon [ MrHI9i0n peaks were detected at
mz 929, 929, 929 and 1399 for OHBF-A, OHBFB, OHBF-C and the triner,

respectivel.y. tral ,data for OHBF- A and OHBF-B agreed with
t hose shomky?mr?-{)g:sef%%%%ﬁarﬁl(nﬁ%ll - 22 - 37(12), 3255-3563 (1989),

det erm ni ng t hatyg;hoseco ungls 1Qust b
formul as lgand éFﬁ%qF?é. ?EQAsgr%%ggéﬁh%ﬁEF%gggﬁéﬁﬁﬁ%gﬁ%ﬁﬁggf?%&Ryand

neasurenments forrhig.NER, 3¢ NWRis 1328 kIS ectidml 3€) tEVREr [HFSY
and DQF- COSY were performed with DWMX-750 spectroneter (BRUKER

BIOSPIN) toou®y t hat t hose conmpounds had the structures represented
by formulas 3 and 4 in Fig. 1. The 111-NWVR and 13C-NVWR spectra of

OHBF- C are showThien pEegent2inven Blomhiy etesartibedHnbiv® gpeciZENVR 1y with
spectra of the triner are shown in Figs. 4 and 5. Exanple 4 [0055]

Li pase i nhifiiediapcac Py thpeSoblovbrd ErHunsts vhighaase abyl rhdigans
trimer The |ipase.inhibitory activities of six conpounds

(di ners of %ﬂ%ﬁﬁgegngotﬁéWFtthﬁeﬁ org LHdihe daveptdart ocat echin
gallate (EGCG were neasured in accordance with Exanple 1 and the
results are shown in Table 1. The chem cal structural formulas of the
conpounds ted in Exanple 4 are listed in Fig. 1. [0056]

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

honobi sflavan A, B and C, as well as the triner showed potent |ipase

i nhi bi t ory Meeisusdeimgntonpal gpase t tnE(BXX 0180 ddtivwasysuggest ed that the
dinmers and trinmer in which EGCGs are pol ynerized woul d be useful as

| i pase inhibitofeor l@pgE 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.
f0050]

The buffer used in the measurement was 13 mM tris-HCl
(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 pl of distilled water (or an agueous solution
of sample) were loaded and mixed on a 96-well microplate and

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



- 23 - Anong t hose conpounds, ool ong honobi sflavan A and B
having particularly strong |lipase inhibitory activity had been
verified to be contained in oolong tea. Table 1. Lipase Inhibitory
Activities of Various Pol yphenols [0058] [Table 1] Ool ong
honmovi sfl avan A(1) Icso(pm 0.049 Ool-orzg honobi sflavan B(2) 0.108
Ool ong honobi sflavan C(3) 0.097 Trinmer (4) 0.129 Mnodesgal | oyl

ool ong horgglghhayanrfhetion, 100 pl of 0.1 M citrate buffered solution
(pH 4.2) was added to quench the reaction and the fluorescence
from 4-methylumbelliferone (excitation wavelength: 355 nm;
fluorescence wavelength: 460 nm), which was generated by the
reaction, was measured with a fluorescence plate reader
{Fluoroskan Asent CF: product of Labsystems).

[0052]

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

{distilled water).

Example 2
[0053]

Samples of measurement

Oolong homobisflavan A(l) and oolong homobisflavan B(2)
were synthesized in accordance with the article Chem. Pharm.
Bull 37{(12), 3255-3563 (1989). Monodesgalloyl colong
homobisflavan A(5) and didesgalloyl ocolong 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 ocolong 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-3-0-gallate (EGCG, compound 7) was purchased



0.271 Didesgal | oyl ool ong honobi sfl avan B(6) 2.083 Epigall ocathechin
3-0-gallate (7) 0.349 Exanple 5 [0059] Active oxygen scavengi ng

activity Eval uation was nade of the activity for scavengi ng
super oxi de ani on radi cals generated by hi poxant hi ne-xant hi ne oxi dase
reaction, a kind of active oxygen. Mthed: - After preparing (1)

2 mM hypoxant hi ne solution (dissolved in 0.1 M phosphate buffered
sol ution aterpil Farkd e (GerddaimyndiugtByLenet.£4 ani ne- pent aacet i c
acid (dissolved in 0.1 M phosphate buffered solution at pH 7.4), 5.0
m of the solution (1), 3.5 m of the solution (2), and 1.5 m of
5,5-dinethyl-1- - 24 - pyrrolin-Noxide (DWO, product of LABOTECH)
wer e m xedBxempake3reagent 1. A 50-gl portion of reagent 1 was put in
a 1.5-m mcrotube and i ncubated at 37C for 4 mnutes. To the

i ncubated 188§&ht 1, a methanol solution of the sanple was added in
an anount of 20 oI and_t hen 50 gl of xanthlne OX|dase (0.4 unlts/n1)
was added, SEBE BRO K 7 PB_SRLORS BVANEN (§

was |nject§ b &g 8 henatocrlt tube mhlch was set in an ESR

appar at us nd”~< %p?h in a magnetic field was started 60 seconds

wer e as fol | owsh Benared Ak G ofaf -SSP RTadherpi e TR

SwTi e, (Wako Pure Chemical Industrles, 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 liguid chromatography.
B. Conditions of preparative HPLC:
Column: Develosil C30-UG-5 (2 cm¢ x 25 cm; Nomura Chemical
Co., Ltd.)
Mcbile phase: A, 0.1% TFA/H;0; B, 90% CHi,CN, 0.1% TFA/H,0;
6 ml/min
Gradlent 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, ylelding 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 OHRF-A, OHBF-
B, OHBF-C and the trimer, respectively. The spectral data for

OHB¥-A and OHBF-B agreed with those shown in Chem. Pharm. Bull
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[ 0060] Anmong the ESR signals from DVPO- 00H, the signal of the

| onest field strength was conpared in height to the internal standard
WMh24 signal and the ratio (S/M was assuned to represent the anount
of 02- and the 02- scavenging activity Wa&s -cal cul ated by the
followi ng fornmula: 02- scavenging activity (%9 = 100 - (100 x (S/Min
the presen t hga sapd &y / I n t

Resul ts: gq(%‘}'() g%/gl uatié tﬁlgégb)i'l ﬁ%@ﬁ?ﬁ%ﬁ%ﬁﬁ%%%ﬁ@@%ﬁnf prd
and C (di mghg) stafictelés aSepiiddtio byl GoSRAVEHIE SMPEr O @8 ganhon aAg
radicals (02-), their concentrations capable of scavengi ng 50% 02-
(1C50) wer eegakdsl QHBH-C¢ rargM tHEh & rdowtrr, o NMRam e @i tehd oo tfaah fH-NMR ,
gal l ate (EG§E3. qupa{ed to EGQG,lghe ool ong honobi sfl avans (di ners
and trimer) GwdMR .f SBATCHoHBRTe 'H{F YhhdMBC, THCSY0andsBARefRBhgrere
activity. [0061] [Table 2] Table 2. Superoxi de Radi cal Scavenging
Activity SERBEeRNeR| ekt (-7 I1sheG tRomebPEf (BRERERBIOSPIN} to show

that those compounds had the structures represented by
formulas 3 and 4 in Fig. 1. The 'H-NMR and 3C-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 dnhibitory actilvities 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.

[00561

Dimers of flavan-3-0l 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]
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Among those compounds, oolong homobisflavan A and B
having particularly strong lipase inhibitory activity had been

verified to be contained in oolong tea.

Table 1. Lipase Inhibitory Activities of Various Polyphenols

[0058]
[Table 1]

ICso_(1M)
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(S) 0.271
Didesgalloyl oolong homobisflavan B(6) 2.083
Epigallocathechin 3-0O-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-



- 26 - CLAIMS 1. Alipase inhibitor conprising, as an active
I ngredi ent, one or nore conpounds selected fromthe group consisting
of : ool ong honobi sflavan A represented by the formula: OH 0 OH OH e
CH2LeCH HO) Ltd OH HO ' 1/ 4ACH CH
- 24 -
pyrrolin-N-oxide (DMPO, product of LABOTECH) were mixed to
make reagent 1. A 50-ul portion of reagent 1 was put in a
1.5-ml microtube and incubated at 37°C for 4 minutes. To the
incubated reagent 1, a methanol solution of the sample was
added in an amount of 20 pl and then 50 ul of xanthine oxidase
(0.4 units/ml) was added, followed by stirring for 10 seconds.
The reaction mixture was injected into a hematocrit tube,
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-QCH, 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 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 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, (IC5y) were calculated in pM. The control was
epigallocatechin gallate (EGCG). Compared to EGCG, the oolong

homobisflavans (dimers and trimer) were found to have stronger



wherein R = gall oyl group, ool ong honobisilavan B represented by the
formula: OH rek,eOH HCca, A...}-tH OH H2C OH . 11? OH OH wherein Rl =
R2 = gall oyl group, ool ong honobi sflavan C represented by the
formul a: OH nono desgal | oyl ool ong honn%ﬁfflavan A represented by the
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0,” scavenging activity.
[0061]

[Table 2]

Table 2. Superoxide Radical Scavenging Activity

Sample M.W. ICse (M)
Oolong homobisflavan A(l) 928 7.9
Oolong homobisflavan B(2) 928 3.1
Oolong homeobisflavan C{3) 928 6.2
TPrimer (4) 1398 10.1

EGCG (7) 458 14.0




wherein R = H, and a conpound represented by the formula: OH HO OH

2. The lipase inhibitor according to Claim1, which has an effect to
suppress body absorption of neal-derived fat, an effect to suppress
the el evation of blood neutral fat or an effect to prevent obesity.

3. The lipase inhibitor according to Caijpl or 2, wherein the active
I ngredient is one or nore conpounds sel ected fron1the gr oup

consi sting of the ool ong honobi sflavan A, the ool ong honobi sfl avan B,
- the ool ong honobi sflavan C and the conﬁaﬂﬁ@ﬁiepresented by the
formula: OH

1. A lipase inhibitor comprising, as an active ingredient, one or more compounds
selected from the group consisting of:
oolong homobisflavan A Iepresented by the formula:

HO
OH

O
OH OH
H
OH
wherein R = galloyl group,
oolong homobisflavan B represented by the formula:

OH
OH

wherein Ry = Rz = galloyl group,
oolong homobisflavan C represented by the formula:
) OH

Qs
OH HO e .
o c/IEISLO i
H O onHC" OH OJ\L:IEH
0.
: H
ol
OH

- monodesgalloyl oolong homobisflavan A represented by the formula:

R OH
Q.
HO. OH
“EoQOH oH
Ho CH,
“"ﬁjﬁ" oH

a
OH OAQOH
OH

OH
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‘wherein R = H, and .
a compound represented by the formula:

2, "The lipase inhibitor according to Claim 1, which has an effect to suppress body
absorption of meal-derived fat, an effect to suppress the elevation of blood neutral fat or an
effect to prevent obesity.

3. The lipase inhibitor according to Claim 1 or 2, wherein the active ingredient is one
or more compounds selected from the group consisting of the oolong homobisflavan A, the
oolong homobisflavan B, the oolong homobisflavan C and the compound represented by

the formula:
OH

%

OH HO.

CHx &y OH .
,:;j gew
Jf:i §u”

HO QH
OH -



