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

i nvention provides |ipase inhibitors containing diners 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 4t he proper |evel of 25% despite of
the energy intake decreasing year by year and that 50 to 60 percent of the
60 and ol der popul ation has hi gh SBEQIFGHTIAN | evel s or high chol esterol

| evels (Mnistry of Health, Labor and Welfare of Japan. An overview of the
results of the 1999 National NutlkiRATh BUFAVEY ORI apanese Journal of Cini cal
Nutrition 2001; 98(5): 577-588). [0003] (vesity is one of the nost

i nportant diseases in nodern society, and mainly caused by excessive
consunption of fats. Excessive consunption of fats is known to induce not
only obesTE4ihiftAlal BbElkBesity- associ ated conditions such as diabetes,
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[0002] In recent years, intake of high-fat foocds 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



obesity is Xenical (c), which functions to suppress intestinal fat
absorption by lipase inhibitory activity, but it is not always safe because
it was also reported to have adverse side effects such as fatty stools,

i ncreased stool frequency, |oose stools, diarrhea and abdom nal pain
(Lancet 1998; 352: 67-172). [0009] An effective neans to prevent obesity is
to reduce caloric intake by dietary restrictions, but they should be
supervi sed by an experienced nutrition counselor and it is often difficult

to fol | owdehamy ndaidn ddif@, Jhush suset eopdidcheabpbiabswayréoringibit the
absorption of dietary fats by the body would be a practical and useful

appr oach ftax tahes o dprtdatrmént  lafp acdwe siirthyt keinieb myelaattedr idiysedses igr thealdth
enhancenment. [0005] Against this background, attention has been given to

t he develadprarst seffof dodsidssr ispedd iaddcheartdr igske twi the veprasieat ssafsdtde and
effectiveness for humans. Foods for specified health use so far nmarketed as
f ood mat @ff@c  sruchcermt ric it tdrd 9 .ndreasa 999 seramh tiiefusery deldaseel s
after eating include globin digests suppressing fat absorption bg

pancr eat ist A9 gasdiiatrilifg jord (Fodppiral 10087 {b8ncep- §B98/ J8GPRal 'of Ehe
Japanese Society of Nutrition and Food Science 1999; 52(2): 71-77; Journal
of Heal t HOEEEd & Nut At iedr SEddd e BeGdiSes 228G 2V e5(t3PPepify1 44) Lo reduce
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often difficult to follow 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 elcosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA) purified from fish

oils, etc.



[0006] Attention is also recently being given to plant- derived materials
having |ipase inhibitory activity, and especially various pol yphenols
having |ipase inhibitory activity have been reported, such as plant

bar k- derived tannin (Japanese Patent Publication She 60-11912); tannins and
fl avonoi ds and gl ycosi des thereof contained in a | egunme Cassia nomane
(Japanese Patent Laying Open Hei 8-2595%7); food products for inhibiting

| i pid absorption containing epigallocatechin gallate and epicatechin

gal l ate kymowelas nmajpeikdnitdroediientas sion r@iceern ltvedcihapayiess Rat entanltayi ng
Open Hei 3-228664); |ipase inhibitors conprising aqueous extracts of green
pepper, shkimejad mesteraems guavpkia,l imeE teakimmisiiraaomacthiyitkl, seaheed, green
tea, oolong tea, etc. (Japanese Patent Laying Open Hei 3-219872); fl avones
and f| avesgles i(@ldpaness oRatmmity dreerialg Qpern rideil 1630 2Mh 1 hiytdyax ybenzoi ¢
acids (gallic acid) (Japanese Patent Laying Qpen Hei 1-102022), triterpene
conpound@QﬂﬂykﬂMwhﬂﬂa\hﬁﬁnrﬂﬁﬁﬁﬁtq@@pahéS@q%Hkﬂﬂtlhﬁﬁkmﬂquﬁﬁdr%ﬁnnln
9-40689); anti-obesity agents containing procyanidin from tamarind as an
active i ngheadinane (ErdisditeSalPai @it amyilny e 9 1’ d-arg1gEm)ands wel | as

| i pase |nh|b|tory effects of grape seed extracts (Nutrition 2003; 19(10):
876- 879) :L4aveasd ds miichit orSperdet RPN d i efF @B (i df

Sal aci a-derived pol yphenols (J. Nutr. 2002; 132: 1819-1824
ant i - obest4HATES f(ejcat%ar{ﬁseo&iaotr?d“tt ée?yé&‘?r é?ﬁeél ﬂ?lmgceZE(S#ﬁ )Jfo‘ées 1999
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of a pl ant Was_Lleofcfa“:’\cct Ihvlerf gaquaetxarg)r!de eplcav%)echln g4allate known as

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



be difficult to stably maintain |ipase inhibitory activity unless the
anount of the active ingredient contained in it is specified because it is
natural ly derived. Morreover, inhibitors derived fromtasteless plants have
t he di sadvantage that they affect flavor when they are used as foods or
beverages. For exanple, there are several reports showing the effect of
oolong tea in inproving lipid profiles lmy- denonstrating a significant
decrease in blood triglyceride |levels after drinking 1330 m of

conmer ci ad Wishmidwald ec oo gl y treai rtad dry Figra e werakis i(tkoty ned t BFitdhe
Japanese Society of Nutrition and Food Science 1991; 44(4): 251-259) or a
wei ght lwslesf thkgmrumoret i theé 726 mfves ubjectdi aonsistiaignet 102l thels  and
wonen with sinple obesity who continuously took oolong tea (2 g x 4/day)
oral ly forpes videks awhusesiigni 4 caattutiadplovdani ved f edforgdaerri ngesti on of
oolong tea in subjects show ng nigh blood triglyceride |evels (Journal of
t he JaparedelSdcii Weofivead jfi@altaitgliesorPigus poje ) thgziogydvamage
beneficial effects have been observed by drinking plenty of oolong tea,
but it istTAT fiaH 2R Continier tih o S Y rehiYsEd ige.£999s Sl y
concentrated oolong tea was provided, it would not. be suitg%lle as a
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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 hrigh

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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Mcrobiol. Lett. 1996; 143: 35-40. DI SCLOSURE OF THE | NVENTI ON PROBLEM TO
BE SCLVED BY THE | NVENTI ON [ 0008] The present invention focuses on
ingredients contained in highly tasty teas and provides |lipase inhibitors
contai ning at |east one of diners of fl&van-3-ols derived from teas. [0009]

The present invention also provides hithé_tasty f oods and beverages
cont ai ni A§ -s&EM-i FASETN - nFWBilt-orld 8Fer 31rldduci g Y8ddd %-ri gl yceri des and for

enhanci ng heal t h. 010] The pr t inventi I rovi des pharmaceutica

conpositggnsCESHTa%%Pﬁﬁlsgpglriaggg'iﬁﬁﬁ ﬂroﬁg8g6i%§%hibiting absorption of

dietary fats to prevent an i.ncr in._blood.__triglycerides. MEANS FOR

SOLVI NG 5%CBE%@PEO%¥fFHhs%glﬁeaﬁ§%$dr%gél i'nd 't e "above probl ens, we found

tea-derived ingredi.ents .i nhibiting r i.c J.i pase essential for fat

absorptiéﬁ; gﬁgse éF&gg 3qrhgeﬁfpa§§%%ﬁnﬁggrtgPyQQCtivity of various
ertained that dimers of flavan-3-ols

EgbgpgfPgﬁ%Eﬁ&%@ggigkgﬁénggggﬁggﬁﬁs?ty. [0012] More specifically, |ipase
inhibit0@§o%EEhh%g_%@e%%qkmkﬁ%@nqﬁgpI@@%N@q%macterized in that they contain
at |eas =3+ ed fromthe group consisting
of assameaigRs repreggnt gdob¥nthe kRLAULA: fécuses on ingredients
contained in highly tasty teas and provides lipase inhibitors
containing at least one of dimers of flavan-3-ols 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:



[0013] [Formula 1] OHOHOH HOOOG, OHHOJHOc OHOH HOH OH O OH OH
HO=0\ OH\ OH \ I1"OGOGOHor OH10 9 [0014] wherein Grepresents a
gal | oyl group; theasinensins represented by the fornmula: [0015] [Formula
2l HOHHORO. \ &GO, \ H, 10 HOHOOH O OHOH\ O OHOHOH HO A OH
HOSOHHOOHOiI | Op O\ HO/ OOHOCH. OH OH or OH [0016]
wherein Rl represents Gor H and R2 t heaf | avi ns
represented by the fornula: [0017] [

{0013] (Formula 1]

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:



ORSOH ~- 0 HOOOH HOOOH | .,0R2 OH[0018] wherein Rl and R2

i ndependently represent Gor H [0019] The gall oyl group G has the
structural fornmula: - 8 - [0020] [Forrmula 4] OH -C\N CH OH [0021]
Exanpl es of assam cains contained in |ipase inhibitors of the present
invention include assam cain A (conmpound 9) and assam cain B (conpound 10).
[ 0022] Exanpl es of theasinensins cont ai Aed in | i pase inhibitors of the
present inventiaon include _theasinensin A (conpound 11), theasinensin B
(conpound 92P! tlfez&Aéndiln D (conpound 13) and dehydro-di catechin A
(conpound 14). [§Q23] Exanpl es of theaflavins contained in |ipase

i nhibitors of t present invention include theaflavin (conpound 15),

t heafl avin, 3 o%élate (conpound 16) and theaflavin 3,3 -Ogallate
(conpound ﬁ?) 00 ﬂ] Dinmers of flavan-3-ols of the present invention are
comer ci al Py av-;ﬁable or can be obtained by extraction from natural
materials such as commercially available green tea, black tea and ool ong
tea. For exanple, purification of

[0021] Examples of assamicains contalned in lipase
inhibitors of the present invention 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'-O-gallate (compound 16) and
theaflavin 3,3'-O-gallate (compound 17).

[0024] Dimers of flavan-3-ols 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-ols 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.



diols of flavan-3-ols 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 . 1989; 37(1): 77-85. Dehydro-dicatechin A can be obtained by the
process described in FEM5 M crobiol. Let$.-1996; 143: 35-40, as described
in Exanple 2 below. 9 - Lipase inhibitors Dinmers of flavan-3-ols of the
present ihveaséoinicanibersused al one as |ipase inhibitors w thout including
ot her conponents, or can be used as lipase inhibitors in conbination wth
sol vents or solPineasroerElaThe-sobvents ohecaresens apeenpiefecabl et hose
capabl e of being safely used as foods or nedicines in terns of the uses for
f oods andubederhges apdlopasaetnbinesons déskpibednpel8wnILPBASE i nhibitors
of the present invention have various uses such as experinental  and,
research POFPORERTHr D5eS2ASPACHFE fhAghEdReAt sNBEPEBBAS ARICORBENRFARR for
preventing accumul ati on of tri cerides. Method for assaﬁig ﬁIi, ase

t

gl
inhibitoerEEt?Q%YﬁnE?p%EeSPﬁh8b¥§6F§66?'thEh%r%Qéﬁ?nFﬁv8 Thaté arStrong
i nhi bit fect inst i : i all ti Li . _Th
| i bi ¢ or S RCEFSP L) LBRebecaBea) o bybEhes et Fd Speti FPcAPPgSdREer bed i
Exanpl e 1, Foods and bgever age c ntaining Iigasg inh&b'tors Li pase
i nhi bi t or S=CHNt AT A Ny dF HBF SCof STTabaRS 3T0F st 679°t RS pr 6BRETF AVEREI BF can
be added gs,actiye L095edlentsal BL1 kNN PIELEY LiRASE:EST 8Pd5HANd bever ages

to prevent an
present invention have various uses such as experimental 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,



undesirable increase in blood triglycerides associated with intake of
dietary fats and/or reduce increased blood triglycerides. Preferred
exanpl es of foods and beverages include those consuned 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 comonly consunetlsuch as soft drinks, cocktails,
beer, whiskey, distilled spirits, wine, - 10 sake, seasonings,_ dressings,
f1 avor ed SkCe, SHECCEEIEF f SBERS STy EdiddingE S dode r MABTYS FGhdOds,

chocol ates, fresh cream_ & cakes, dair roducts, health fqods and
suppleneﬁF?Wﬁﬂﬁ%ﬂﬂelﬁ%%gbiﬁﬁﬁQﬁ§3#§y ' F%@ﬁﬁiﬁﬁﬁﬁ’i iOrr%Ete added to
f oods and beverages in an, a fSunt C rre%ggggé%gv;qﬂpn e;Qgﬁkf of diners of
f 1 avan- 3-615%6f O Imy 1t Lt oS URHG S TS no subst ant i al
upper lim the a t _of. Lers of flavan-3-.ql f present
inventioﬂkﬁﬁgﬂ can bggﬁggge&npgbggg $ ggdt §V§F§5§$%bg€§%%§lgﬁe§%§re derived
from fo t or f diGj taj g Jipase dnhipitors
Li pase i %h%@grosqggﬁsaiaﬁ}&/ng{%?%ﬁgsof Iag!v_ra}%?)f-%g?sﬁof er\é%bhe p?gg_gen_t o
i nventi on GafkAl50 N6 USEd A BRLINE 1N e entis nfe Arugs, frry igahibi ting
absorption of dietary fats and preventing and/or Teducing an undesirable
i ncrease yfwdiled0d tHdgliceld deg s tRrefienr ehgiruas rare dihage Amddit of
adm ni stered, such as drinkable preparations, tablets, capsules, granules,
powder s, GaRdi£sfarfd fard Tad es: tHe praseit ahvdinErch afhatf l@wame3- ol s of
the present inventionis 0.1 ng to 10 g per dose.

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-ols 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



[ 0026] Medicines of the present invention are safely taken even for a |ong
peri od 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 di sease. EFFECT OF THE | NVENTI ON [ 0027] The present

i nvention can provide highly tasty foods and beverages containing a |ipase
inhibitor including at - 11 |east one pf diners of flavan-3-ols derived
fromtea |l eaves for reducing triglycerides and for enhancing health w thout
conpr om Sieag tf lcavorof Bewerrages efiravared-wilish dega-vadet ifwedn @t i vsviaygr edi ent s
are very significant because the inhibitor should desirably be taken with
meal s i n forderedug linghithiity 1 yalesordets emdoff adi etrdvayn diatcs heEslgdrivalihoutt he
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enhancing health by enriching them with these ingredients.

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 pl
of the lipase/buffer solution after 50 ul of the 4-MUO/buffer
solution and 25 pl of distilled water (or an aqueous solution

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



assay was performed using a 0.1 Msolution of the substrate 4-MJO (Sigm)
in DVMSO diluted 1:1000 in said buffer and a solution of porcine pancreatic
| i pase (Signa) prepared at 400 U m also in said buffer. [0031] An
enzymatic reaction was started by adding 25 |1 of the |ipase/buffer solution
after 50 i of the 4-MJQJ buffer solution and 25 | of distilled water (or an
aqueous solution of each sanple) were aglded and m xed in a 96-well
mcroplate - 12 at 25C. After the reaction was performed for 30 m nutes,
the reacid o°pas sreppednhby radditignlQ@sl pef-farledll Woei BAkKE nulkeflf,ethepH
4.2) and the fluorescence of 4-nethylunbelliferone produced by the reaction
(excit at iracdADMMa LHERSEEd 460 adgingvaamgasurfed usiing! a finmrescence

pl ate reader (Fluoroskan Asent CF from Labsystens). [0032] The inhibitory
activity fffeachintest. Dargrice Wes ldotmmaranat axf 14C3e(tV)y 1 umkee 1 kiee zomsunt  of
the sanple giving 50%inhibition of the activity of the control (distilled
wat er) . TFestdusmplaes thet e at (@) |, (epidatdehi rﬁf(%_@)n}, M seiatrecHih ac) |

epi gal |l ocatechin (EGC), catechin gallate (CC), epicatechin gallate (ECG,
gal | ocat et MU &% Y39 2arfd U e atledf iF g9t 6] sk@gt e
purchased from Wako Pure Chem cal Industries, Ltd. [0033] Anong di ners of
cat echi n&:SSdehydr F-At HEHFFAS was synthesi zed with a tea | eaf enzyne. The

procedur e dis o Shown 7 Sxamhs 2 [ 99341, The 9t hel oz, ey g 2bt ai ned

determined as ICsq(uM), 1.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. 1887;
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).



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 | eaves were extracted wth 80% acetone, after
whi ch acetone was renoved and the extriact- was fractionated with water,

met hanol and 50% acet one on Sephadex LH 20 (Pharnmacia). - 13 Each fraction
was puri Ered arabElogelwacHBu2@PieM baubicshige1Kaser-2Cer gMi tant iksujii  gel
ODS-G3 (Fuji Silysia Chemcal Ltd.) Exanple 2: Synthesis of

dehydr o- decatieCbirp. A fed [Fejviegeadf ORpeken (Nojil39 lyaiieethefSuppl Léd.fir om
Kyoto Prefectural Tea Research Institute) (100 g) were ground in |liquid

ni t rogenEandpsei Predywthks6B0or dehyamoextcateconn Buffer (adjusted to pH
7.0 with 0.01 MKH2PO4 and 0.02 M K2HPO4) and 100 nl of pol yam de, and then
filtered througha gaares TheKypkenatle.wadcEptrietugéduarldedofrpm for 20
mn. The supernatant (500 mM) was stirred with 500 m of acetone precooled
to -20C, Kargot Rekferéumpkt dee \R@S’?eélrpb\/\éﬂsfﬂét@fﬂﬁﬁld 180 4C tigrel IBPUNTh s

solution was centrifuged at 8000 rp or mn to give a white
preci pi té@ell‘HHF§ B#éépﬁiepataéd \ﬁ/&éféie@séﬂl\?éd 6iO|Q I‘éo% agf extre&éLrdn buf fer
(adjusted tao p with 0.01 Mcitrate and 0.02 M KH2PO4) to prepare an

enzymat i E’u§5lel§t| 693 uFGG§5]tOT8H150 Onivish Pn8leNz{HatPe Yl tin Mere added
1008 ThRA) S e RS L A T N
Containlggu%%QTF%he i%t%gk%t%gg 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,POQ4) 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



was diluted 1:5 in water and applied onto HP-20 (200 m, M tsubishi Kasei
Corp.) and washed with water, after which the reaction product was el uted
with 400 M of 90% acetonitrile containing 0.1% TFA and concentrated under
reduced pressure, and then |yophilized. The reaction product was purified
by preparative HPLC as follows: Colum: Develosil C30-UG5 (20 nm- x 250
mm Nonura - 14 - Chem cal Co., Ltd.) Mpbil e phase: (A) 0.1% TFA/ H20, (B)
90% CH3CN, 0.1% TFA Detection: A280nm Flow rate: 6 m/mn Gadient: Linear
gradient elution from B2086te1B708% fotd. 40 min. [0036] This chromatography
gave dehydro-dicatechin A at an elution tine of 21 mn (for reference, see
FEMS M cr obi olMobillet tphalsk3: 36%)4Q) . 10 IG)A/ HXandBe 303LiCpash, i Ahlbi TBAY
activity of catechins and dinmers thereof Catechins (nononers) and dineric
conpounds prodieettthyon pA3gferm zati on of catechi ns known as nmj or

pol yphenols in teas were assayed for |ipase inhibitory activity according
to the methodFlofw Bxaipl €6 Il Mignresults are shown in Table 1. The chenical
structural formulae of the conpounds subjected to evaluation are shown in
Figure 1. Anmorigrarhisrt cdtietdi ho (& it editshopriesdntB4 ¢ teass 74 alfin- 3- ol s
having a gallate noiety bonded via an ester |inkage showed |ipase
inhibitory activity. EsPedidliy, epigallocatechin gallate (EGCO
abundantly found in teas showed the strongest activity anong

[0036] This chromatography gave dehydro-dicatechin A at
an elution time of 21 min (for reference, see FEMS Microbiol.
Lett. 143 35-40, 199%¢6).
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]



the maj or catechins. [0037] Anong dineric polyphenols, those having a
gallate group in their structure, especially diners of EGCG were shown to
have hi gher lipase inhibitory activity than EGCG per se. [0038] [Table 1]
15 Table 1. Lipase inhibitory activity of tea-derived pol yphenols

Pol yphenol s 1C50 (PM Flavan-3-ols (-)-epicatechin (1) >21.6
(-)-epicatechin 3-0-gallate (2) 0.27L iG )-epigallocatechin (3) >20.4
(-)-epigallocatechin 3-0-gallate (4) 0.284 (+)-catechin (5) >690
(-)-catetabs 13LQ>a§él||dfﬁt§|@)r 6);tnﬂt &ff@ea aéﬁv@iqidlmwnecshl n (7) >163

(-)- gaII
assani caj

t heasi neﬁlawanB ¢id2) 0.276

M cain A (9) 0.120
0.142
thea5| nen5| n D (13) 0. 098 dehydr o-di catechin A

0.

112

?% fcA¥chin

(14) 3. 080enik ﬁg@%ﬁ{ ns theaflavin (15) 0.106 theaflswjp 3'-Ogallate (16)
SR s o Bl e (17) 0. 052 o2

(-)-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).



[0039] It was shown fromthe above results that dinmers having very high
activity also exist in teas in addition to the major catechins (8
catechins). - 16 - CLAIMS [1] A lipase inhibitor containing at |east one of
t heasi nensins represented by the formula: [Formula 21 OH OH RHO,, GO, OH
OOHOHO/ /| HOOHOOHOHSOOHOHOH il ", HOROHHO/ OHHOOU HO O
O OHHO/ HOOHOO .., ORZ'"OGOH OHOHor OH wherein RL represents G or
H, and R2 represents G and theaflavins represented by the formul a:
[Formula 3] OHORL OHo HOOOH HO/ O OH OH wherein R1 and R2

i ndependently represent G or H i pase inhibitor of claim1l wherein
t he theasi nensin - -

[1] A lipase inhibitor containing at least one of

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.

[2] The lipase inhibitor of c¢laim 1 wherein the theasinensin
is selected from the group consisting of theasinensin A,
theasinensin B, theasinensin D and dehydro-dicatechin A.

[3] 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.



is selected fromthe group consisting of theasinensin A  theasinensin B,

t heasi nensin D and dehydro-dicatechin A [3] The lipase inhibitor of claim1l
wherein the theaflavin is selected fromthe group consisting of theaflavin,
theaflavin 3'-Ogallate and theaflavin 3,3 -Ogallate. - 17 [4] A food or
beverage containing the lipase inhibitor of any one of clains 1 to 3. [5]
The food or beverage of claimb5, which is selected from the group
consisting of tea drinks, soft drinks and health foods. [6] A
pharmaceuti cal conposition containing tilve i pase inhibitor of any one of
claims 1 to 3. [7] The pharmaceutical conposition of claim®6 for inhibiting
absorption of dietary fats.

[4] A food or beverage containing the lipase inhibitor of
any one of claims 1 to 3.

[5] The food or beverage of claim 5, which is selected from
the group consisting of tea drinks, soft drinks and health
foods.

[6] A pharmaceutical composition containing the lipase

inhibitor of any one of claims 1 to 3.

[7] The pharmaceutical composition of claim 6 for inhibiting

absorption of dietary fats.





