- 1 - SPECIFI CATI ON LI PASE | NHI BI TORS TECHNI CAL FI ELD [0001] The present

i nventi-on provides |ipase inhibitors containing dinmers of flavan-3-ols
derived fromteas. BACKGROUND ART [0002] In recent years, intake of

hi gh-fat foods in Japanese people has been increasing with the increasing
westerni zation of their life style. The 1999 National Nutrition Survey
reports that the fat energy ratio exceeds the proper |evel of 25% despite of
the energy intake decreasing year that 50 to 60 percent of the
60 and ol der popul ati on has high F?¥S¥§§§%?3§N|eve|s or high chol esterol
level s (M nistry of Health, LabogpRdrVeNhBeT8RgJapan. An overview of the
results of the 1999 National Nutrition Survey. §apanese Journal of Cinica
Nutrition 2001; 98(5): 577-588). [0003] (vesity is one of the nost

i nportant diseases in nodern society, and mainly caused by excessive
consunpt i apcpiNIcAdt FIEEHCEessi ve consunption of fats is known to i nduce not
only obesitTy but also obesity-associated conditions such as diabetes,
hyper | i periomoillypert eraeoprasenar iaeatebar psbyidés 1apaeki ianswvApobessant
Mazi ndol (r) is the only drug approved for this obesity in Japan, but it was
reported tcontaiaiadyeimerssiode fabvant-3 -elsh desided et teasnsti pation,
stomach disconfort and nausea/vomting (Cinical Evaluation 1985; 13(2):
419-459; CGACKGROUNByARTati on 1985; 13(2): 461-515). CQutside Japan, a
commercially available drug for inproving 2- obesity is Xenical (r), which
functi ons [0802Jppr essInnresentayears, intake of high-fat foods in

Japanese people has been increasing with the increasing
westernization of their life style. The 1999 National
Nutrition Survey reports that the fat energy ratio exceeds the
proper level of 25% despite of the energy intake decreasing
year by year and that 50 to 60 percent of the 60 and older
population has high triglyceride levels or high cholesterol
levels (Ministry of Health, Labor and Welfare of Japan. An
overview of the results of the 1999 National Nutrition Survey.
Japanese Journal of Clinical Nutrition 2001; 98(5): 577-588).
[0003] Obesity is one of the most important diseases in
modern society, and mainly caused by excessive consumption of
fats. Excessive consumption of fats is known to induce not
only obesity but also obesity-associated conditions such as
diabetes, hyperlipemia, hypertension and arteriosclerosis. An
appetite suppressant Mazindol® is the only drug approved for
this obesity in Japan, but it was reported to have adverse
side effects such as dry mouth, constipation, stomach
discomfort and nausea/vomiting (Clinical Evaluation 1985;
13(2): 419-459; Clinical Evaluation 1985; 13(2): 461-515).

Outside Japan, a commercially available drug for improving



fat absorption by lipase inhibitory activity, but it is not always safe
because it was al so reported to have adverse side effects such as fatty
stools, increased stool frequency, |oose stools, diarrhea and abdom nal
pai n (Lancet 1998; 352: 67-172). [0004] An effective nmeans to prevent
obesity is to reduce caloric intake by dietary restrictions, but they
shoul d be supervLsed by an experienced ufrition counselor and it is often

difficult II iy, Lif Th f d heal t hf u) t

i bi§ t ADSERLH 4 BAGE 'EL bk Sing e, Y By Ra o o e 1RAT val and
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enhancenbats COOBRP TAGE: 0t RS haCharanaty SLraNtian aY Beon orutn &
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ef fectiveness unans Foods for specified health use so far eted as

food ”HteéE%b%t%O%ucﬁQB%rQb&hggsEB%l%nC&ﬁ%%%aEQGS%&%6HtE&@bﬁ%ﬁ%&delb%%%|5
after eating include globin digests suppressing fat absorption'b

pancr eat i gtbionase didkirbel ahd hbd¥ainall §8Bin 128in &St 60998 Josis nal 6¢'f-1’f7f'93.
Japanese Society of Nutrition and Food Science 1999; 52(2): 71-77; Journal
of Heal th[Bo0od ]1& Nutrphi efifEeadveShedhestd0p2evBhB) obédit¥44s; to reduce

di acyl gl ycerols having different digestion/absorption characteristics from
t hose of chidbadyl dhyageoby dletamy CelsttriNitions2000;t the§) shoddd/de;, Cin
Chim Acta. 2001; 11(2): 109-117); and eicosapentaenoic acid (EPA) and
docosahexsupervisedd byDAA) eppeirfieadedr omtiriighonoiclognsetflor and] A®08Js
Attention is also recently being given to plant- derived materials having

| i pase i nkifenodyfidcuditt yo Fadlow them in daily life. Thus, a safe

and healthful way to inhibit the absorption of dietary fats by
the body would be a practical and useful approach to the
treatment of obesity and related diseases or health
enhancement.

[0005] Against this background, attention has been given
to the development of foods for specified health use with
proven safety and effectiveness for humans. Foods for
specified health use so far marketed as food materials for
controlling the increase in serum triglyceride levels after
eating include globin digests suppressing fat absorption by
pancreatic lipase inhibition (J. Nutr. 1998; 128: 56-60;
Journal of the Japanese Society of Nutrition and Food Science
1999; 52(2): 71-77; Journal of Health Food & Nutrition Food
Studies 2002; 5(3): 131-144); diacylglycerols having different
digestion/absorption characteristics from those of
triacylglycerols (J. Am. Coll. Nutr. 2000; 19(6): 789-796;
Clin. Chim. Acta. 2001; 11(2): 109-117); and eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA) purified from fish

oils, etc.



especi al |l y various ‘pol yphenol s having |lipase inhibitory activity have been
reported, such as plant bark-derived tannin (Japanese Patent Publication Sho
60-11912); tannins and flavonoids and gl ycosi des thereof contained in a
| egune Cassia nomane (Japanese Patent Laying Open Hei 8-259557); food
products for inhibiting |ipid absorption,containing epigallocatechin
gal l ate and epicatechin gallate known as” major ingredients in green tea
(Japanese Bahent Layi gy CRElontiel 51288084Ln ¢l LPASEn5NNLBELOLS GOURELSI N

S O S nmusShr oom ~ ptipKi n, i take

aqueous extrac f green pepper, I mej |

mushroom gehiikkll n3¢a¥eads ﬂ%%&ﬂgtqua%%'Qﬂﬂibﬁﬂor?t%ct&%ﬁ&%ﬁeﬁﬁdPate”t_
Layi ng Open Hei 3-219872); flavones and flavonols (Japanese™ Patent Layi ng

Open Hei 25pi824h1yhydirexnlensapnanbds (a@ihyC1ipakd) ibhaBanesy Pat ent
Layi ng Open Hei 1-102022); triterpene conpounds and derivativesS thereof

(Japanese aBati ot yl Akkeg beRan refBirt8d40883h; agnplagkedhirk -ageAeac@@halini Ny
procyanidin from tamarind as an active ingredi ent (Japanese Patent Laying
Open Hei (9ap3hesde) pagentelPlubas chitpane Shohiebi-tapy2¢ff eahsnink gahape seed
extracts (Nutrition 2003; 19(10): 876-879); lipase inhibitory effects and
ant i - obesflnvehbedss and gaysosfideSakherraotieronedipeldyphenoleguhe kuatlstsia?2002;
132: 1819-1824); and anti-obesity effects of oolong tea extracts in mce
(Int. J. nowmege 1989angs8e P8te05) Layd0g7Ppeiowdedr 8-pbahb7der ifved | i pase
inhibitors so far reported as shown above are not sufficiently effective.
Even if amodrctscfosf iahpbitingadipfiflegbsozsption egatphiaingt would 4 be
difficult to stably maintain_|lipase inhibitory activity unless the anount
of the aceP}gailhgragprehinconddatedanrd ppiratespini gpédabecknswni asjs

naturally derived. Mreover, ]
major ingredients in green tea (Japanese Patent Laying Open

Hei 3-228664); lipase inhibitors comprising aqueous extracts
of green pepper, shimeji mushroom, pumpkin, maitake mushroom,
hijiki seaweed, green tea, oolong tea, etc. (Japanese Patent
Laying Open Hei 3-219872); flavones and flavonols (Japanese
Patent Laying Open Hei 7-61927); hydroxybenzoic acids (gallic
acid) (Japanese Patent Laying Open Hei 1-102022); triterpene
compounds and derivatives thereof (Japanese Patent Laying Open
Hei 9-40689); anti-obesity agents containing procyanidin from
tamarind as an active ingredient (Japanese Patent Laying Open
Hei 9-291039); as well as lipase inhibitory effects of grape
seed extracts (Nutrition 2003; 19(10): 876-879); lipase
inhibitory effects and anti-obesity effects in rats of
Salacia-derived polyphenols (J. Nutr. 2002; 132: 1819-1824);
and anti-obesity effects of oolong tea extracts in mice (Int.
J. Obes. 1999; 23: 98-105).

[0007] However, plant-derived lipase inhibitors so far
reported as shown above are not sufficiently effective. Even

if an extract of a plant was effective, for example, it would



inhibitors derived-fromtastel ess plants have the di sadvantage that they
affect .fl avor when they are used as foods or beverages. For exanple, there
are several reports showing the effect of oolong tea in inproving lipid
profiles by denonstrating a significant decrease in blood triglyceride

| evel s after drinking 1330 ml of commerci,ally available oolong tea daily
for 6 weeks (Journal of the Japanese Society of Nutrition and Food Science

1991, 44(%% Fa%% %%%% Qr %t@%ﬁ%ﬂ%al Q%in 1ﬁéa§% 35 q%&%& O%{%ﬁ%& bj ects

consisting o men obesi y who |nuou ly took

ool ong teﬁnl@%sgtﬁe4gﬁ@%%t05§lEhef%EtQVWEQ%ﬁrQHQeﬁtSb%ﬂ%ﬁ¥ﬁ@& ﬁﬁ Qog]ng

effect after 1ngesti oolong tea 1 n subjects show ng

triglycerisgecligyelds ved@wsali t0fi s Rath3Bangs aesavkat y ﬁbrebe&lcal Nutrition
1998; 20(1): 83-90). Thus, beneficial effects have been observed by

drinking ahﬁawt@frsoqbeﬁgeae@rombtthsrttelle%sdpflfahwl hat@ &pR! idldadvanddge0 i N
daily life. If sinply concentrated oolong tea was provided, it would not be

sui tabl e anat phegt atElecredgnavoecahea adheyt Geeguskidt her Fesdsasht i ngency and
hi gh caffeine content. Patent docunments 1. Japanese Patent Publication Sho
60- 11912 b2vetapasese FBat extampdgi, ngh€ren adei s&vabaisZepdrtiaphoeiagPahent
Layi ng Open Hei 3-228664 4. Japanese Patent Laying Open Hei 3-219872 5.
Japanese Béifect bdyioodofgetedein7 i6pg2vihg 6ipldpamesdlest byt Layi ng Open
Hei 1-102022 7. Japanese Patent Laying Open Hei 9-40689 8. Japanese Patent
Layi ng Opdempiaistgatdng3a spgnificant decyeasesin blood triglyceride

levels after drinking 1330 ml of commercially available oolong

tea daily for 6 weeks (Journal of the Japanese Society of

Nutrition and Food Science 1991; 44(4): 251-259) or a weight

loss of 1 kg or more in 67% of subjects consisting of 102 men

and women with simple obesity who continuously took oolong tea

(2 g X 4/day) orally for 6 weeks and a significant improving

effect after ingestion of oolong tea in subjects showing high

blood triglyceride levels (Journal of the Japanese Society of

Clinical Nutrition 1998; 20(1): 83-90). Thus, beneficial

effects have been observed by drinking plenty of oolong tea,

but it is difficult to continue to do so in daily life. 1If

simply concentrated oolong tea was provided, it would not be

suitable as a practical means because of strong

bitterness/astringency and high caffeine content.
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PROBLEM TO BE SOLVED BY THE | NVENTI ON [ 0008] The present invention focuses
on ingredients contained in highly tasty teas and provides |ipase
inhibitors containing at | east one of dinmers of flavan-3-ols derived from
teas. [0009] The present invention also provides highly tasty foods and
beverages containing said |ipase inhibitgors for reducing bl ood
triglycerides and for enhancing health. [0010] The present invention also
provi des ar ut i c si t,QnRs iy Ni alL,d.lLi pase inhibitors for
inhibitingg'agggﬁpthﬁkgf gggﬁér;bggfsgggﬁggévggp%aggﬂﬁérease in bl ood
triglyceri?gsChgﬁANg ECR . SELYhNG: BeBLENM (90115 54s 13g88ans for solving the
above pro% ens, we Pound tea-derived ingreéedients inﬁlbiting pancreatic
lipase esgenthah.f phatAl 8B39rPhb@d, anqig§vabyaged the lipase inhibitory
activity of various polyphenols present therein, and ascertained that

di mers of 2fil ayams3Mekgobave .steery hiopase 143nhizBiyory activity. [0012] More
specifically, lipase inhibitors of the present invention are characterized
in that tbegctogyURENO#t THEcaNWVENTEONf di mers of flavan-3-ols selected from
the group consisting of assam cains represented by the fornula: 7 - [0013]
[ For mul a PROSBEMHTOHBE/ SOLUED/ BRHTHE ONOENCHONOH OH H OH OH H OH OH HO W OG
HO O OH

fooo08] The present invention focuses on ingredients
contained in highly tasty teas and provides lipase inhibitors
containing at least one of dimers of flavan-3-o0ls derived from
teas.

[0009] The present invention also provides highly tasty
foods and beverages containing said lipase inhibitors for
reducing blood triglycerides and for enhancing health.

[0010] The present invention also provides pharmaceutical
compositions containing said lipase inhibitors for inhibiting
absorption of dietary fats to prevent an increase in blood
triglycerides.

MEANS FOR SOLVING PROBLEM

[0011] As a means for solving the above problems, we
found tea-derived ingredients inhibiting pancreatic lipase
essential for fat absorption, and evaluated the lipase
inhibitory activity of various polyphenols present therein,
and ascertained that dimers of flavan-3-ols have strong lipase
inhibitory activity.

[0012] More specifically, lipase inhibitors of the
present invention are characterized in that they contain at
least one of dimers of flavan-3-ols selected from the group

consisting of assamicains represented by the formula:



'"OG OHor OH 9 10- [0014] wherein G represents a gall oyl group;

t heasi nensins represented by the formula: [0015] [Fornula 2] OHOH R O,.
& al HOHOOHOHH,. O HOH HOROMHHOO/ OHOOHHOS OHHO O HO/
O0OHHO/ HOHO O ,,ORZ.,0GOH OHOH O OH[0016] wherein R1
represents G or H and R2 represents G end t heafl avi ns represented by the

formula: [0017] [Forrrula 3] OHORL OHI1'-"aHO\ 0 OH HOO OH "OR2Z H
[ 0018] wh R dependent ly represent Gor H [0019] The gall oyl
group G hibstlﬁe iFr%t%g ur aI for mula: 8 -

HO O OH,. ‘ OH
: on
OH '

OH or

[0014] wherein G represents a galloyl group;
theasinensins represented by the formula:

[0015] [Formula 2]

[0016] wherein R; represents G or H, and R, represents G; and
theaflavins represented by the formula:

[0017] [Formula 3]

[0018] wherein R; and R, independently represent G or H.

[0019] The galloyl group G has the structural formula:



[0020] [Fornula 4 -OH -C\~ OH 0 OH [0021] Exanples of assam cains
contained in lipase inhibitors of the present invention include assam cain
A (conpound 9) and assam cain B (conmpound 10). [0022] Exanpl es of

t heasi nensins contained in |ipase inhibitors of the present invention

i nclude theasinensin A (conpound 11), theasinensin B (conmpound 12),
theasinensin D (conpound 13) and dehydro-di catechin A (conpound 14). [0023]
Exanpl es qfyoigafir $h&?]cq ntained in lipase inhibitors of the present

i nvention |nclude theafl avin (conpound 15), theaflavin 3'-Ogallate
(conpound 16) andpHt heaflavin 3,3 -Ogallate (compound 17). [0024] Diners of
flavan-3-ol s he present invention are comercially available or can be
obt ai ned byge cthoQn fromnatural materials such as comrercially
avai |l abl e gfee tea, black tea and ool ong tea. For exanple, purification of
diols of flavan-3pQls fromoolong tea |leaves is reported in Chem Pharm
Bull . 1987; 35(2): 611-616; Chem Pharm Bull. 1988; 36(5): 1676-1684;
Chem Pharm Bull. 1983; 31(11): 3906- 3914; Chem Pharm Bull. 1992; 40(6):
1383-1389; Chem Pharm Bull. 1989; 37(12): 3255-3563; or Chem Pharm
Bul | . 198900237(1): 7Ex8mplBshpfir esdhwatedhsncantannbd dbt dipedeby t he
process described in FEMS M crobiol. Lett. 1996; 143: 35-40, as described

i n Exanpl dnhipditexs ofgtheLpggg@mtnﬁmypp¢ﬁ§n include assamicain A

(compound 9) and assamicain B (compound 10).

[0022] Examples of theasinensins contained in lipase
inhibitors of the present invention include theasinensin A
(compound 11), theasinensin B (compound 12), theasinensin D
(compound 13) and dehydro-dicatechin A (compound 14).

[0023] Examples of theaflavins contained in lipase
inhibitors of the present invention include theaflavin
(compound 15), theaflavin 3'-0O-gallate (compound 16) and
theaflavin 3,3'-0O-gallate (compound 17).

[0024] Dimers of flavan-3-o0ols of the present invention
are commercially available or can be obtained by extraction
from natural materials such as commercially available green
tea, black tea and oolong tea. For example, purification of
diols of flavan-3-o0ls from oolong tea leaves is reported in
Chem. Pharm. Bull. 1987; 35(2): 611-616; Chem. Pharm. Bull.
1988; 36(5): 1676-1684; Chem. Pharm. Bull. 1983; 31(11): 3906-
3914; Chem. Pharm. Bull. 1992; 40(6): 1383-1389; Chem. Pharm.
Bull. 1989; 37(12): 3255-3563; or Chem. Pharm. Bull. 1989;
37(1): 77-85. Dehydro-dicatechin A can be obtained by the
process described in FEMS Microbiol. Lett. 1996; 143: 35-40,

as described in Example 2 below.



Dinmers of flavan-3:o0ls of the present invention can be wused alone as |ipase
i nhi bitors without including other conponents, or can be used as |i pase
inhibitors in conbination wth solvents or solid carriers. The solvents or
carriers are preferably those capable of being safely used as foods or
nmedicines in terms of the uses for foodsgand beverages and/or nedicines as
descri bed bel ow. Lipase inhibitors of thé present invention have various
uses sucthﬁa XPghhiBitaksand research purposes or uses as active
ingredients—UE—fUUQS—ang——nedicines for preventing accunul ati on of
triglycerides. NehBed ber raaganiByohisPagethBhphekent aaveNki¥nlbhaSee
inhibitors of the present invention have a strong inhibitory effect against
l'i pases, asBacChabh¥ Ba8NaipakeC inhibasersThe tholitbihenkaasay vthkrcan be
assayed by the nmethod specifically described in Exanple 1. Foods and

bever agescompbaenit8g birpaag behubkedoas Lipase inhibitors Ganitcambingtdiofer S
of flavan-3-ols of the present invention can be added as active ingredients
for inhibkithngollvpate be todds aadrhever.ag@het soprvendst oan carmrdesisr altee
increase in blood triglycerides associated with intake of dietary fats
and/ or regueferablygatbdsbl cegabilei gifybeindesafPlygf esedd asxfwpldes oaf f oods
and beverages include those consuned on a daily basis such as green tea,
barl ey temedboclinag deatebmgckft she wsese&ori fordsi andr bakeradesnrindd omat er ,
seasoni ngs, and dressings. However, the foods and beverages may be those
commonl y ®eAigkegssachdgscsabed BeilArs, Gapregi Aahibdéprswhifskbe, distilled
spirits, wine, 10 sake, seasonings, dressings, flavored rice, processed
foods, CcBREERPENBVEBEASD PBVEr VaFdoHS, UEREcEaPeds PrRSRiMEREMAL and

research purposes or uses as active ingredients of foods and
medicines for preventing accumulation of triglycerides.

Method for assaying lipase inhibitory activity

Lipase inhibitors of the present invention have a strong
inhibitory effect against lipases, especially pancreatic
lipase. The inhibitory activity can be assayed by the method
specifically described in Example 1.

Foods and beverages containing lipase inhibitors

Lipase inhibitors containing dimers of flavan-3-ols of
the present invention can be added as active ingredients for
inhibiting lipase to foods and beverages to prevent an
undesirable increase in blood triglycerides associated with
intake of dietary fats and/or reduce increased blood
triglycerides. Preferred examples of foods and beverages
include those consumed on a daily basis such as green tea,
barley tea, oolong tea, black tea, coffee, isotonic drink,
drinking water, seasonings, and dressings. However, the foods
and beverages may be those commonly consumed such as soft

drinks, cocktails, beer, whiskey, distilled spirits, wine,



cakes, dairy products, health foods and suppl enents. [0025] Li pase
inhibitors of the present invention are added to foods and beverages in an
anount corresponding to an intake of dimers of flavan-3-ols of 0.1 ng to 10

g per neal. However, there is no substantial upper limt on the anount of
dimers of flavan-3-ols of the present invention that can be added to foods

and beverages because they are derived from foods and therefore very safe.
Medi ci nes t al.ni .Lpase sinhibitors ki i nhi.hit i Qi di mers
el o s s§R01 A68L00pbA85C drBNLLLETS S4L0B3Eal POLUL | G 3R00LA) BB

| ngredi entgnyah18hUES £bBas], NReRbkNGoBESOM BhbBB18E el Chabky! BESARN
preventing and/or reducing an undesirablé increase of 00 triglycerides.

Preferredcdkdgs aheriyhpeeaactak! ynadithi $betgdanasyappasmdhiakabl e
preparations, tablets, capsules, granules, powders, candies and hard

candi es. Tbe2snount ofighser snRibitbayasr3tRESppésbhe PheSEBiohN¥LAtiON s
0.1 ng to 10 g per dose. [0026] Medicines of the present invention are
safely talaadevenfbodsaah@npeperagesbenadacanbuhtgbosatepynaiinki pasan

i nhibitor ingredients. Therefore, they can be taken even on a daily basis
to preveninbtakeoofedimebbespfyfadavanltiBfFedsybé- Oc 2l mgetiodisegsperERERCT OF THE
| NVENTI ON [ 0027] The present invention can provide highly tasty foods and
bever agesHowaverni hhezel ipabe snbsibantialnoppedrngimtit- ol thkeeampunteodf
dinmers of flavan-3-ols derived fromtea | eaves for reducing triglycerides
and for edhmacEngfhédhvAnndthdgt ofcshpr BrESERy fh¥entioBethafgeanehei ched

wth tea-derived
added to foods and beverages because they are derived from

foods and therefore very safe.

Medicines containing lipase inhibitors

Lipase inhibitors containing dimers of flavan-3-o0ls of
the present invention can also be used as active ingredients
of drugs for inhibiting absorption of dietary fats and
preventing and/or reducing an undesirable increase of blood
triglycerides. Preferred drugs are those orally administered,
such as drinkable preparations, tablets, capsules, granules,
powders, candies and hard candies. The amount of dimers of
flavan-3-ols of the present invention is 0.1 mg to 10 g per
dose.

[0026] Medicines of the present invention are safely
taken even for a long period because of high safety of lipase
inhibitor ingredients. Therefore, they can be taken even on a
daily basis to prevent or correct obesity as a lifestyle-
related disease.

EFFECT OF THE INVENTION

[0027] The present invention can provide highly tasty

foods and beverages containing a lipase inhibitor including at



active ingredients-are very significant because the inhibitor should
desirably be taken with nmeals in order to inhibit absorption of dietary
fats. Especially, the present invention nade it possible to devel op drinks
for preventing obesity and enhancing health by enriching themw th these
ingredients. BRI EF EXPLANATI ON OF THE GQRAW NGS [0028] Figure 1 shows the
chem cal structural fornulae of the conpounds evaluated for |ipase

i nhi bi toryeggti shgyolfndlﬁéitgpb% $1a55AVBLES S hQQ?L%dEﬁL%H.' ¢2a &e'a'v%%se

inhibitory activity assay A lipase activity assay was perforned by using the

ol eate eskgt @bahlikiageteeql ydeuBY! HABeEbL @hARRCEAyMHER18R @ithebgtrate to
nmeasure the fluorescence of 4-nethylunbelliferone produced by reaction.

[0030] Theohptbmistiagdriakoirhe B8svayayes saribhéai #ildelteapHe®i@rdcont ai ning
150 MM NaCl, 1.36 nmM CaCl2. The enzyne assay was performed using a 0.1 M
solution atttike subzedaeatsdakbOveBygsaynifiibhh® dekbatied th20@0nhimisaird
buffer and a solution of porcine pancreatic |ipase (Sigm) prepared at 400
U nm al soshpuddi debifrably pe0BakeAnwéthymeahtils nisaoridem wasishdbtiéd by addi ng
25 1 of the lipase/buffer solution after 50 | of the 4-MJQ buffer solution
and 25 | obsdrptiibhedfwdtietaryr fatisaquEspecialdyi otiheopresehtsanyeafiner e
added and mxed in a 96-well mcroplate 12 at 25C. After the reaction was
per f or redmpde 30 RPAEibde tRedeveaderi Oninks Sesppraveptiadi rhesddyl asf a 0.1
Mcitrate buffer H 4.2) and the fluorescence of 4-nethylunbelliferone

pr oduced ﬁ?hﬁﬁélﬂéag?ﬁéﬁh(EYCPPﬁFPBHnSS§hﬁW1Wéﬁhs§h6ﬁe4eﬂgﬁﬁﬁlents

BRIEF EXPLANATION OF THE DRAWINGS

[0028] Figure 1 shows the chemical structural formulae of
the compounds evaluated for lipase inhibitory activity in
Example 3.

EXAMPLES

[0029] Examples 1: Lipase inhibitory activity assay

A lipase activity assay was performed by using the
oleate ester of fluorescent 4-methylumbelliferone (4-MUO) as a
substrate to measure the fluorescence of 4-methylumbelliferone
produced by reaction.

[0030] The buffer used for the assay was 13 mM Tris-HCl
(pH 8.0) containing 150 mM NaCl, 1.36 mM CaCl,. The enzyme
assay was performed using a 0.1 M solution of the substrate
4-MUO (Sigma) in DMSO diluted 1:1000 in said buffer and a
solution of porcine pancreatic lipase (Sigma) prepared at

400 U/ml also in said buffer.

[0031] An enzymatic reaction was started by adding 25 ul
of the lipase/buffer solution after 50 ul of the 4-MUO/buffer
solution and 25 pl of distilled water (or an agueous solution

of each sample) were added and mixed in a 96-well microplate



was neasured using a fluorescence plate reader (Fluoroskan Asent CF from
Labsystens). [0032] The inhibitory activity of each test sanple was

determ ned as |1 C50(M, i.e. the amount of the sanple giving 50%inhibition
of the activity of the control (distilled water). Test sanples Catechin
(C), epicatechin (EC), gallocatechin (Gg), _ epigallocatechin (EGC), catechin
gallate (CG, epicatechin gallate (ECG, gallocatechin gallate (GCG and
epi gal | ocateghéhn g ({HXR 3%§q; ?ﬁﬁp re. i

I ndustri eg? Eltjlcifl [%ﬂBtgﬁleArmng %foslpo%ac% ec clflﬁlngéa e ydfdé-ng}%'gkgég]h?ﬁl‘eﬁ\ was
synt hesi zggda ¥t § n 3wk 831 6Bpe8NBY "BadTRE PHOCRIUSE hSo. PhMvBitpaEyampl e 2.

[ 0034] The ot her conpounds were obtained by the processes described in the
fol | owi ngbaftee! esH £hen akhathe Buhdredd8rce 38B6(2)mebH}16mbel ChesrobbBar m
Bul I . 1988; 36(5): 1676-1684; Chem Pharm Bull. 1983; 31(11): 3906-3914;
Chem PhaprodBoéd. by 1882; rd8¢6)jon1388ci1880io4hesb Rharemi8sién 4889nmB7(12):
3255- 3563; and Chem Pharm Bull. 1989; 37(1): 77-85. Briefly, oolong tea
| eaves wewas greasiered wsihg88% heeresecnaétplabmi rhaderef{ Bheomaskarnoved and
the extract was fractionated with water, nethanol and 50% acet one on
Sephadex A$enrd ¢PheremclabpsysBemghch fraction was purified on M -gel
CHP-20P (M tsubishi Kasei Corp.) and Fuji gel ODS-G3 (Fuji Silysia Chem ca
Ltd.) Exb@®Bel2: Syrnthrsirhbpltery@et iRl «2hiendh Test esameRlefWa§ oken No.
129 variety (supplied from “ﬁ);otq Prefectural Tea Research Institute) (100
g) wer e g(a%mnlned as IC50( ’

i.e. the amount of the sample giving
50% inhibition of the activity of the control (distilled
water).

Test samples

Catechin (C), epicatechin (EC), gallocatechin (GC),
epigallocatechin (EGC), catechin gallate (CG), epicatechin
gallate (ECG), gallocatechin gallate (GCG) and
epigallocatechin gallate(EGCG) were purchased from Wako Pure
Chemical Industries, Ltd.

[0033] Among dimers of catechins, dehydro-dicatechin A
was synthesized with a tea leaf enzyme. The procedure is
shown in Example 2.

[0034] The other compounds were obtained by the processes
described in the following articles: Chem. Pharm. Bull. 1987;
35(2): 611-616; Chem. Pharm. Bull. 1988; 36(5): 1676-1684;
Chem. Pharm. Bull. 1983; 31(11): 3906-3914; Chem. Pharm. Bull.
1992; 40(6): 1383-1389; Chem. Pharm. Bull. 1989; 37(12): 3255-
3563; and Chem. Pharm. Bull. 1989; 37(1): 77-85. Briefly,
oolong tea leaves were extracted with 80% acetone, after which
acetone was removed and the extract was fractionated with

water, methanol and 50% acetone on Sephadex LH-20 (Pharmacia).



in liquid nitrogen and stirred with 600 nl of an extraction buffer
(adjusted to pH 7.0 with 0.01 M KH2PO4 and 0.02 M K2HPO4) and 100 m of

pol yam de, and then filtered through gauze. The filtrate was centrifuged at
8000 rpmfor 20 mn. The supernatant (500 m) was stirred with 500 m of
acetone precooled to -20C,  and then the jixture was allowed to stand at 4C
for 1 hr. This solution was centrifuged at 8000 rpm 4C for 20 mn to give
a white prgehPif hi I S ja reaction
Buf fer - (adGmy aa s o MR R T 5% P R e e g M AS ™

prepare aRas%&ZBC@S&&J 0 SRIAFWOR. Jel0pls-B3 L@ safi iha emeniidic L&Qi.bbt' on
were added 100 of D-(+)-catechin and 8.8 nM H2 and allowed to stand

at 32C. AfEB{aEnp'iehfZS Slyie he@det iodn ey driooidied teyhaddiang 100 m of 90%
acetonitrile containing 1% TFA. This solution was diluted 1:5 in water and
appl i ed onto HPTEA (2a@esl of Kyokehn slbi. HaSeivatdemy) (snppldededromt h wat er,
after which the reaction product was eluted with 400 m of 90% acetonitrile
cont ai ni nKyotdyPTesearidiradn e Retsecinaiddn stddudced [{rl@9s gr)e we raen @yricusa

| yophili zed. The reaction product was purified by preparative HPLC as

fol l ows: dol diquiBewnd|taoidenCaRAUGts rrzd wivkhx 6290 mimofNemuextractidmen cal
Co., Ltd.) Mbile phase: (A) 0.1% TFA H20, (B) 90% CH3CN, 0.1% TFA

Det ect i onPukfeanharinwtest &0 ®H7-0 withadi-Odt M KHaBas f@ﬂ%cﬁe@ﬂ M| ution from

B20% to B70% for 40 m n. J0036] This chromat ogllraph lgave dehydr o- di cat echin
A at K,;HPO,) and 100 mI of polyamide, and iTtered through

gauze. The filtrate was centrifuged at 8000 rpm for 20 min.
The supernatant (500 ml) was stirred with 500 ml of acetone
precooled to -20°C, and then the mixture was allowed to stand
at 4°C for 1 hr. This solution was centrifuged at 8000 rpm,
4°C for 20 min to give a white precipitate. This precipitate
was dissolved in 100 ml of a reaction buffer (adjusted to pH
5.6 with 0.01 M citrate and 0.02 M KH,PO,) to prepare an
enzymatic solution.

[0035] To 100 ml of the enzymatic solution were added
100 mg of D-(+)-catechin and 8.8 mM H,0, and allowed to stand
at 32°C. After 5 hrs, the reaction was stopped by adding

100 ml of 90% acetonitrile containing 1% TFA. This solution
was diluted 1:5 in water and applied onto HP-20 (200 ml,
Mitsubishi Kasei Corp.) and washed with water, after which the
reaction product was eluted with 400 ml of 90% acetonitrile
containing 0.1% TFA and concentrated under reduced pressure,
and then lyophilized. The reaction product was purified by

preparative HPLC as follows:

Column: Develosil C30-UG-5 (20 mm¢ x 250 mm, Nomura



an elution tine of 21 mn (for reference, see FEMS Mcrobiol. Lett. 143
35-40,.1996). Exanple 3: Lipase inhibitory activity of catechins and diners
t her eof Cat echins (nononers) and dineric conpounds produced by

pol ynmeri zati on of catechins known as maj or pol yphenols in teas were assayed
for lipase inhibitory activity according fo the nethod of Exanple 1. The
results are shown in Table 1. The chem™al structural fornulae of the
conpounds subj ected to gyglj :ﬂqﬂ)arqﬂ§pqwn in Figure 1. Anobng maj or
catechins (8 catechins) present in t'eas, flavan-3-ols having a gallate

moi ety bonded VM@bi‘mee?hﬁfs_elz' K398 . $80WPd / hiPases ) NS LI ¢@fo, arlleY intph
Especially, epigallocatechin gallate (EGCG  abundantly found in teas showed
t he strongest agbirkchYoalORagohie nMaj or catechins. [0037] Anong dineric

pol yphenol s, those having a gallate group in their structure, especially

di rers of ECCG webe shewn et mlbimya hi gher lipase inhibitory activity than
EGCG per se. [0038] [Table 1] 15 Table 1. Lipase inhibitory activity of

t ea-deri ved pol gphanehs: BohgpbegehdaidfbOel{phionFFavmnB30@l so( ByoepEeat echin
(1) >21.6 (-)-epicatechin 3-0-gallate (2) 0.271 (-)-epigallocatechin (3)
>20.4 (-)-epigallocatechidn @ifi-gallate (4) 0.284 (+)-catechin (5) >690
(-)-catechin 3-0-gallate (6) 0.846 (+)-gallocatechin (7) >163

[0036] This chromatography gave dehydro-dicatechin A at
an elution time of 21 min (for reference, see FEMS Microbiol.
Lett. 143 35-40, 1996).

Example 3: Lipase inhibitory activity of catechins and dimers

thereof

Catechins (monomers) and dimeric compounds produced by
polymerization of catechins known as major polyphenols in teas
were assayed for lipase inhibitory activity according to the
method of Example 1. The results are shown in Table 1. The
chemical structural formulae of the compounds subjected to
evaluation are shown in Figure 1. Among major catechins
(8 catechins) present in teas, flavan-3-ols having a gallate
moiety bonded via an ester linkage showed lipase inhibitory
activity. Especially, epigallocatechin gallate (EGCG)
abundantly found in teas showed the strongest activity among
the major catechins.
[0037] Among dimeric polyphenols, those having a gallate
group in their structure, especially dimers of EGCG were shown
to have higher lipase inhibitory activity than EGCG per se.

[0038] [Table 1] *



(-)-gal locate chin 3-0-gallate (8) 0.349 Assami cains assamicain A (9)
0.120 . assamcain B (10) 0.186 Theasinensins theasinensin A (11) 0.142

t heasi nensin B (12) 0.276 theasinensin D (13) 0.098 dehydro-dicatechin A
(14) 3.090 Theaflavins theaflavin (15) 0.106 theaflavin 3" -0-gallate (16)
0.112 theaflavin 3,3 -Ogallate (17) 0.092 [00391 It was shown fromthe

above results that dimers having very high activity also exist in teas in
addi tion tgy tne, IR RhiRaH SEINT S8y Gk end - CLAIMB [1] A Iipase
i nhi bi t or_contarfin ns represented by the formul a:
[Formula 11 OH OH HO , QPélphen&lsi OH HO JHOCo O O O, ()OH OH OH HO 0 \ OH

CH Flavan—3-ols

(-)-epicatechin’ (1) >21.6
(-)-epicatechin 3-O—gallate (2) 0.271
(-)-epigallocatechin (3) >20.4
(-)-epigallocatechin 3-O-gallate (4) 0.284
(+)-catechin (5) >690
(=)-catechin 3-O-gallate (6) 0.846
(+)-gallocatechin (7) >163
(-)-gallocatechin 3—O-gallate (8) 0.349
Assamicains

assamicain A (9) 0.120
assamicain B (10) 0.186
Theasinensins

theasinensin A (11) 0.142
theasinensin B (12) 0.276
theasinensin D (13) 0.098
dehydro—dicatechin A (14) 3.090
Theaflavins

theaflavin (15) 0.106
theaflavin 3'-O—gallate (16) 0.112
theaflavin 3,3'-O-gallate (17) 0.092
[0039] It was shown from the above results that dimers

having very high activity also exist in teas in addition to

the major catechins (8 catechins).



'OG OG OHor OH 9910 ‘wherein Grepresents a galloyl group; t
represented by the formula: [Formula 2] OHOH RO.. GO,. OH HO
OHO OH OH OH O HOROHHOSOHHOOHO, 00 HHOO /
"ORZ 1/ 'OG OH OH OH wherein Rl represents Gor H, and R2 repres
G and theaflavins represented by the fogrnmula: [Fornmula 3] OH ORL OHO HO
O\ OH HO 0 OH'OR2 OH wherein R1 and’ I ndependently represent G or
17 [2] The lipase inhibitor of claimgpmipyein the assamicain is
assami cain A or assam cain B.

[1] A lipase inhibitor containing at least one of
assamicains represented by the formula:

[Formula 11

OH
HO O OH O OH
: O*on
OH é OH
HO.__A_0O ,\\©EOH
:; ;;”DG
OH

9 10

or

wherein G represents a galloyl group;
theasinensins represented by the formula:

[Formula 2]

wherein R; represents G or H, and R; represents G; and
theaflavins represented by the formula:

[Formula 3]

wherein R; and R, independently represent G or H.



[3] The lipase inhibitor of claim1 wherein the theasinensin is selected
fromthe group consisting of theasinensin A theasinensin B, theasinensin D
and dehydro-dicatechin A. [4] The |lipase inhibitor of claim1l wherein the
theaflavin 1is selected fromthe group consisting of theaflavin, theaflavin
3'-Ogallate and theaflavin 3,3 -Ogallaye- [5] A food or beverage
containing the lipase inhibitor of any one of clains 1 to 4. [6] The food
or beverape]of Th&i Mpasshishibstse! €EtEDaimom whéee Ofi Otipe COOSARIEALN Of tea

drinks, soft drinks and health foods. [7] A pharmaceutical conposition
cont ai ni n)stheshmpasen AnbrbassambéammyBone of clains 1 to 4. [8] The
phar maceuti cal conposition of claim7 for inhibiting absorption of dietary
fats. [3] The lipase inhibitor of claim 1 wherein the theasinensin
is selected from the group consisting of theasinensin A,
theasinensin B, theasinensin D and dehydro-dicatechin A.
[4] The lipase inhibitor of claim 1 wherein the theaflavin
is selected from the group consisting of theaflavin,
theaflavin 3'-0O-gallate and theaflavin 3,3'-O-gallate.
[5] A food or beverage containing the lipase inhibitor of
any one of claims 1 to 4.
[6] The food or beverage of claim 5, which is selected from
the group consisting of tea drinks, soft drinks and health
foods.
[7] A pharmaceutical composition containing the lipase
inhibitor of any one of claims 1 to 4.

[8] The pharmaceutical composition of claim 7 for inhibiting

absorption of dietary fats.





