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FLAVONOL CONTAI NI NG FOOD SUPPLEMENTS Field of the Invention This invention
relatés, inter alia, to certain conpositions, uses thereof, and to food
séippl enents and drinks for human consunption cont ai ni ng the conﬁgé%gns
Backgr ound of wos#/1178%enti on The hi gh consunption of wine in

t hought to be an inportant dietary factor -in the | ow incidence of coronary
heart di sease (CHD) nortality and has beenlsuggested at least in part to
provi de a possi bl e explanation for the phenonmenon known as the "French
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Frankel et al (Lancet 1893 341, 454-4 exam ned the abjli t;l of ute
deal cohol | sedParadpx” (Renaud & De Lorgeril 1992), France being an exception co most

other countries because CHD mortality is low despite a high intake of saturated fat. -

There is a considerable literature on the alleged beneficial effects of red wine in relation
to prevention of coronary heart disease (CHD). Epidemiological data suggest the
protection afforded by wine is superior to that of other alcoholic beverages such as beer
and spirits, indicating that factors other than alcohol content in wine is contributing to the :
effect (St Leger ef al., 1979; Renaud & De Lorgeril 1992). In a prospective study in
Copenhagen, Denmark various parameters (including alcohol intake, smoking habit and -
body mass index) were assessed in 13,285 people succeeded by a 12 year follow-up of
mortality. It was shown that low to moderate intake of wine (but not beer or spirits) was
associated with lower mortality from cardiovascular and cerebrovascular diseases and other '
causes (Gronbaek et al., 1995). These results confirmed those previously reported in the -
USA (Klatsky & Armstrong, 1993). '

There is growing evidence that the free radical chain reaction of lipid peroxidation -
involving the oxidation of low density lipoproteins (LDL) plays an important contributory
role in the development of atherosclerosis and CHD (Steinberg, 1993).

Frankel er al (Lancet 1993 341, 454-457) examined the ability of dilute, dealcoholised red
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wine to inhibit the oxidation of human LDL in vitro, and found the wne to
be vety active as an antioxi dant. The aut hors suggested that the routine
consunption of red wine may "reduce oxidation of |ipoproteins and reduce
thronboti c @iipsaaemea”’. However, the authors admtted that peecBeBIdSI?T0 know
nore about the pharmaco-kinetics of wine flavonoids and the absorpti on and
nmet abol i sm of wi ne phenols...if we are t@ evaluate further the potenti al

rol e of antioxidant conmpounds in red wine in reducing CHD'. Flavonoids
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fl avanol s, proanthocyani dins (al so cal procyani dol s, procyanins,
procyani di ns and tannins) and anthocyanins. The flavones are conpounds wth

a basic str BeiORe itd a bbtﬁ %&@icﬁlﬂ:dt s Samed becadsed)
are |inked vlﬁ%dﬁhgidﬁeter%gglélrgws?&&ne er rin %@gﬁ?ﬁ?ﬁ)ﬁg&@ car lgg%yl
group. Ri ng 4eycentabetwoosnmmereipheqodicigroups. Polyabenols ogeurnabuadpntly dn rrdwingiand
flavone or:t et | ' A I ' occur at
posi 1 ons. 3 comRSE 1R hubrfebt rdiint Smical iRl bV AL RBUERRBRE T 2
exanpl es of Theashiefopolyptiefol Companehtsof grayelr andy virieg cind t theio ohé¢enmratichs, are 7,
3', 4'"), kaenpfer qdr.o at e pqQsitions 3. 5 7, 4 ). and ricetin
(hydr oxyl at é’g?%'?’e‘ghg %@é&u@}c 8?853‘[9‘ i:ﬂ" . pl?“?l.‘cs‘l'weéaé‘e@?@t‘? ‘il?‘?fl ly
as the aglyGgpReafibns?S(Tecltlonfi® PublishirigeCq., Iantisits Fae USPY FIB60R6. Amdhg wse,
rhammose etc). Other tforns _of substitution such as_nethyl ation, sul phation
and ‘mal ony! Polvphenglsars the following classes: flavonoids (a term often used to denote polyphenols
in general, but more commonly in Europe to denote only the flavones), the ‘flavanols,
 proanthocyanidins (also called procyanidols, procyanins, procyanidins and tannins) and

The flavones are compounds with a basic structure shown in Figure 2 in which two

* benzene rings (A and B) are linked with a heterocyclic six member ring C containing a
carbonyl group. Ring B can be joined in position 2 (as illustrated) to give a flavone or

~ to position 3 to give an iso flavone. Hydroxylation can occur at positions 3, 5, 7 and 3°,
4’, 5' to give compounds called flavonols. Typical examples of flavonols are: quercetin,
(hydroxylated at positions 3, 5, 7, 3°, 4), kat;mpferol (hydroxylated at positions 3, §, 7,
4"), and myricetin (hydroxylated at positions 3, 5, 7, 3, 4°, 5°). They can exist naturally
as the aglycone or as O-glycosides (e.g. D-glucose, galactose, arabinose, thamnose etc).
Other forms of substitution such as methylation, sulphation and malonylation are also
found.

The flavanols have a basic structure shown in Figure 3. The two most common flavanols
are catechin (hydroxyl groups positions 5, 7, 3°, 4’) and its stereo-isomer epi-catechin.
The hydroxyl groups can be esterified with gallic acid (shown in Figure 4). The
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epi catechin and can contain up to 8 units or nore. The ant hocyanins are

col oured substances with a basic structure3shown in Figure 5. They are
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3, 5, 7, 3). The hydroxyl groups are usual |y gl ycosyl ated and/ or
rrethoxyl ated (e.g. malvidin at 3, 5 ). Wthin the general term
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del ay the OX|dat|on process and produce a so cal ag phase. "The process
can be easi | ySlyepsylaispndfprangthoxy, @eﬂah@%‘\ﬂﬁﬂt%ﬂ' bédause t he oxidation
reaction produces conjugated di enes which can be continuously nonitored at
234nm (Est erbauer et al., 1989). To preserve LDL from oxidation during

st or age, EDTAWithimtiid general ternm{polyphemgisiaare atclhded therdihydesxy- of eixhydroxy behraic
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or an excess of copper ions can be added to conpensate for those
j The most widely used method for the determination of LDL oxidation is to employ the
 transition metal copper (speciﬁcaliy Cul+ ions) as a catalyst to promote the oxidation'of - - -
, endogenous lipid hydroperoxxdes ~Antioxidants present in LDL, especially alpha
'_: tocopherol delay the ox:datlon process and produce a so called lag phase. The process
_can be easily followed in a UV spectrophotometer because the oxidation reaction produces
conjugated dienes which can be continuously monitored at 234nm (Esterbauer ez al.,
1989). To preserve LDL from oxidation during storage, EDTA is added to complex
copper and other trace elements. This excess EDTA interferes with the copper catalysed
- oxidation. EDTA can be removed by dialysing the LDL preparation before addition of
. the copper ions or an excess of copper ions can be added to compensate for those
_complexed with EDTA. '

The results of in vitro experiments somewhat similar to those described by Frankel et al.,
~(Lancet 1993, cited above) were also reported by Frankel ef al in 1995 (J. Agricult. and
Food Chemistry 43, 890-894). The authors of this publication draw attention to the
difficulty of interpreting in vifro data. Thus "Although the phenolic compounds have
similar chemical properties, their reducing capacity is not a very precise predictor of their
antioxidant activity. In the LDL oxidation assay and other tests for antioxidant activity,
the system is typically heterogencous and physical properties, such as lipophilicity,
solubility and partition between the aqueous and lipid phases of LDL can become
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Nutr. 61, 549-554) found that "sone phenolic substances that exist in red
wine, but not in white wine, are absorbed, bind to plasma LDL, and may be
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their words, the first denonstration ' consurrptlon [
t he propensW!!;e dfuhrpan ?balu(ﬂ&@ﬁg%mll ;ﬁlm phmﬁld&l&?—ﬁﬂ) foundcthat *some Iphenoliay
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al, t he res
“LDL, and may be responsible for the antioxidant properties of red wine" and provided,

*in their words, the first demonstration *that red wine consumption inhibits the propensity
-~ of LDL to undergo lipid peroxidation®, and that this may contribute to attenvation of
" - atherosclerosis. However, a study by Sharpe et al, the results of which were published
" (Q.J. Med. 1995 88, 101:108) nearly contemporaneously with those of Fuhrman et al,
" found that neither consumption of red wine nor white wine had any effect "on total
cholesterol, triglycerides, HDL or measures of antioxidant status, mcludmg the
susceptlblhty of LDL to oxidation®. '

De Rijke er al. also investigated the matter and conducted a randomized double-blind trial.
They reported their findings in 1996 (Am. J. Clin. Nutr. 63, 329-334) and stated: that
"The results of this study do not show a beneficial effect of red wine consumption on LDL
oxidation”. | '

Thus, to summarise, there are several reports that dilute red wine can inhibit LDL
oxidation in in vitro assays, but that these findings cannot necessarily be extended to the
in vivo situation. Further, the in vivo data relating to inhibition of LDL oxidation by red
wine consumption are at best conflicting and there is no clear evidence to suggest that red
wine consumption has any effect on LDL oxidation.
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., clear that oral consumption of such a synthetic polyphenol composition would exert the
. .. same therapeutic effect allegedly associated with red wine consumption. For éxample, as -
. explained by Goldberg (1995 Clin. Chem. 41, 14-16) the alcohot content of wine keeps
.. polyphenols in solution in wine and in the. human intestine, such that they might be
. available for absorption. A synthetic, alcohol-free polyphenol powder may be completely =
_ ineffective because the polyphenols are insufficiently soluble in the intestine (in the °
. absence of alcohol) to be absorbed. Additionally, absorption into the bloodstream may not
be sufficient for any anti-oxidant effect to be exerted on LDL - intimate association of the

polyphenols with the LDL fraction may be required.

. It is recognised that many diseases are caused or provoked by a free radical oxidation
- mechanism e.g. cancer, cataracts, diabetes etc. Antioxidant nutrients such as vitamin E,
. vitamin C and others are thought to prevent free radical oxidation in many organs and -
tissues. Thus the absorption of polyphenols which are effective antioxidants are likely to
~have an effect on free radical/oxidation diseases in general, and the use of polyphénols
. may be much wider than a treatment or prevention of coronary heart disease.

- Nevertheless, CHD is one of the major causes of mortality and morbidity in the western
~world, and therefore of particular interest. Pathogenesis of the condition consists
essentially of a two stage process involving first the development of atherosclerotic plaques
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aggregat [ on of pI atel ets
‘It has been known for many years that TGF-8 is one of the most potent cell growth
-~ inhibitors (Massagué, 1990), and several authors have found that TGF-§ inhibits VSMC
- proliferation -(Assolian, 1986; Bjorkerud, 1991; Owens, 1988; Kirschenlohr, 1993).
Human VSMC produce TGF-8 in a latent, inactive form which is activated proteolytically
by the serine protein plasmin, which in turn is obtained from plasminogen by a family of
plasminogen activators (PAs), such as tissue plasminogen activator (tPA) (Lyons, 1990).
An increase in total plasma TGF-@ is considered effective in inhibiting the growth of
VSMC, since the latent form is converted into the active form by plasmin.

Several authors have developed methods for the estimation of the plasma level of TGF-8
and to search for pharmaceutical compounds which may stimulate TGF-8 production both
in the latent and active form. In US 5,545,569 (Grainger et al) a method is claimed for
determining in vitro the effectiveness of compounds which increase the plasma level of
TGF-8 and stimulate its production using the techniques described therein. W094/26303
(Grainger er al) discloses a method for maintaining or increasing the vessel lumen
diameter in a diseased or injured vessel of a mammal by administering an effective amount
of TGF-8 activator or production stimulator. The compound Tamoxifen (trans-2 [4
(diphenyl - 1 - butanyl) phenoxy]-dimethyl ethylamine is claimed as being effective, since



whi ch then rel ease coagul ation factors into the blood causing the
production of fibrin clots. Once the blood clots are fornmed they can be
renoved by a process known as fibrinolysis, which is essentially the

di ssolution of clots and the degradation of fibrin to degradation products.
Thus there arWOfBMEBAst two processes by which thronbosis cafCHEBITN2537
prevented: - inhibiting the aggregation of glatelets, or increasing
fibrinolysis. Abnormal vascular smooth muscle cell (VSNC) proliferation may
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but anyl ) phenoxy] di rret hyl" ethylam ne is clai rre as being effective, since
thro boxane a necessary factor in thrombus formation (Moncada & Vane,. 1979)

Asplrm also prevents CHD, stroke and sudden death (Hennekens et al, 1988).

The fibrinolytic system constifutes a cascade of extra-cellular proteolytic reactions tightly -
regulated by activators and inhibitors. The enzyme tissue-type plasminogen activator (t-
PA) converts plasminogen to plasmin, which in turn dissolves fibrin clots.  t-PA is a
glycoprotein synthesized in the endothelial cells, which is adsorbed on to fibrin in order
to be activated. Plasminogen activator inhibitor (PAI)-1, is a serine protease inhibitor and
acts as a specific inhibitor of t-PA. PAI-1 exists in three forms: active, latent, and as an -
inactive complex. It is synthesised in endothelial cells, liver and platelets.

In the circulation most tPA (95%) is complexed with PAI-1. Very little tPA and PAI-1 are -
in the free (active) form. A decreased fibrinolytic activity is thought to be due to an
mcrease in PAI-1 level or activity, which results in decreased activation of plasminogen
to plasmm by tPA. This is important because of reports of an association between
decreased fibrinolytic activity and risk of CHD (Mehta ez a/, 1987) and MI. Impaired
fibrinolysis, mainly due to elevation of plasma PAI-1, is 2 common finding in thrombotic
disease. In the Northwick Park Heart Study, a prospective epidemiological study of
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7 it stinmulates the production of TG-[err], and increases the ratio of
active to latent TG--[err]. Another conpound showi ng activity is aspirin
(Gainger, et al, 1995) which increases both total and active serum
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coronary heart disease. An increase in platelet aggregation has al so been
significantly associated with preval ence 8El wood et al, 1991) and i ncidence
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& Vane, 1979). Aspirin al so_prevents CHE%D stroke and sudden death _
(Hennekens efomppared tseont AmSiEn; 6 9f-y 4 system constitutes a cascade of
extra-cellular proteolytic reactions tightly regulated by activators and

i nhibitors. The enzynme tissue-type plasm nogen activator (t- PA) converts
pl asni nogerni Bocqumgzrthn,rolﬂmfcmatﬂ t agaregatipn apdl {ibringlysis imthe|formatiop of shromby,

gl ycoprotein,s SleZ [0: | : ' 1S to

O Lo C o a BhaE e g%{‘f‘\gx‘é‘%g@’ég?%gﬁgk@é’n&?é{’f inchlsiog HEHAAAR DAk b,

is a serine pmplogedasiaetticdoof treatmentt of thwombeticedisédses imigemeraloand (CHDHA,
PAI -1 exists_in three forms: active, latent; and as an inactive conplex. It
I S synt hesi sBAFUEHR% N dot hel i al cel | s, liver and platelets. In the

circul ation nost tPA (95% is conplexed with PAI-1. Very little tPA and
PA-1 are in the free (active) form A decreased fibrinolytic activity is

t hought ‘to bSummaryofihe InventioBe i n PAI-1 |evel or activity, which results
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' Lol suitable for human consumption, wherein at least 25% of the plant-derived material inthe-

composition comprises polyphenols.

- By way of explanation plant-derived compositions may comprise extracts of plants or parts
" thereof (such as tubers, fruit), which may be processed in some way (e.g. by
. fermentation). Thus plant-derived compositions include aqueous or organic solvent
- extracts of plants or parts thereof, fruit juices and fermented liquors (e.g. wine) produced
- from plants or fruit juice, or compositions obtained from any of the foregoing. The plant

material is typically processed (physically and/or chemically) during production of the

composition to extract polyphenols from the plant and so increase and enrich the
- polyphenol content of the composition. '

Advantageously the composition may be such that the plant-derived material comprises at
* least 35% polyphenols, or more preferably at least 45% polyphenols. '

The composition may be comprised wholly or substantially of the plant-derived material
from which the flavonol content of the composition is obtained. Alternatively, the



decreased fibrinolytic activity and risk of CHD (Mehta et al, 1987) and M.
I npaired fibrinolysis, mainly due to elevation of plasma PAI-1, is a common
findi'ng in thronbotic disease. In the Northw ck Park Heart Study, a
prospective epi dem ol ogi cal study of WO 98/ 11789

PCT/ GB97/ 025 MO ®B/M¥8d| e aged nen (40-54 at entry), Meade et PEF/GRYYRFYT
reported that a decreased fibrinolytic activity is a major independent risk
factor for future CHD. Cross-sectional st&dies of patients wth angina
pectoris or previous nyocardial infar ctlon have consistently shown a
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t hrommboti c diseases in general, and CHD in particular. Summary of the
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pol yphenol s. oBgined frouyf the)spie source as piedlwomiucoment afahe cempesition. nay conpri se
extracts of plants or parts thereof (such as tubers, fruit), which may be
processed in same way (e.g. by fermentation). Thus plant-derived
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The plant  polyphenol content of the composition.

It is also preferred that flavonol content of the composition as a whole is at least 0.01 %
. {w/w), more preferably at least 0.1%, and most preferably at least 1%.

Ina second aspect the invention provides a plant-derived flavonol-containing ‘dry
composition comprising at least 0.01 % (w/w) flavonol, more preferably at least 0.1%, and
most preferably at least 1%.

The compositions defined above are typically solid at atmospheric pressure (760mm Hg)
throughout the temperature range 10-20°C. The composition may be particulate (e.g.
powdered or granulated), or may be formed into capsules, tablets and the like.

The inventors have surprisingly found that compositions in accordance with the invention
are effective, following oral consumption by human subjects, in inhibiting oxidation of
plasma LDL, as measured by a number of criteria. Thus, the oral consumption of the
composition is effective in increasing the lag phase in oxidation of isolated plasma LDL
as determined by the method of Esterbauver ez al (1989 Free Radic. Res. Commun. 6, 67-
75). Briefly, in this method, LDL isolated from a subject’s plasma by ultracentrifuge is
dialysed to remove EDTA, and copper ions (5uM) added to the LDL (present at 50mg/L).
The usual Jag time before diene formation is about 50-60 min. Administration of the



material is typically processed (physically and/or chem cally) during
production of the conposition to extract pol yphenols fromthe plant and so
i ncrease and enrich the pol yphenol content of the conposition.

Advant ageousl y the conposition nmay be such that the plant-derived nateri al
conpri ses ayolegafre 35% pol yphenol s, or nore preferably at pcxnshordzs

pol yphenol s. The conposition may be conprised wholly or substantially of
the plant-derived material fromwhich theg flavonol content of the
conposition is obtained. Alternatively, the W08/ 11789
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pressure ( 7ig1%me%tation). However, polyphenols such as flavonols are present in a wide range

of nawrally occurring materials, many of which contain a higher flavonol content than red
" 'wine; and so might present more appropriate sources of flavonol. Examples of such -
materials include: fruit in general, such as apples (e.g. var. "Gravensteiner”), especially - -
apple peel; pears (e.g. var. "Williams Christs"); bell peppers (e.g. var. "Yolo wonder");
‘red' currants; black currants (particularly preferred as being relatively high in flavonols);
lemons; cherries; cranberries; gooseberries; tomatoes; olives; and vegetables in general,
including: radishes (e.g. var. "Saxa treib"); kohirabi (e.g. var. "Primavera"); horseradish;
potatoes; onions; and asparagus.

In a particular embodiment, the composition is derived from a red wine and comprises a
representative profile of substantially all the polyphenol compounds present in the wine
(typically, although not necessarily, present in the composition substantially in the relative
amounts representative of those in the wine from which the composition is derived). Such
a composition may be referred to as a "total polyphenol poot”.

Polyphenols may conveniently be obtained from red wine or other polyphenol-containing
liquids by absorption onto a chromatographic resin column, with elution of the polyphenol-
enriched fraction from the column (typically following a washing step) by use of a 40-50%
ethanol eluent, or other suitable organic solvent (such as methanol, acetone, ethyl acetate,
dimethylene chloride, and chioroform - which may be in aqueous solution). The organic



t hroughout the tenperature range 10-20[err] C. The conposition may be
particulate (e.g. powdered or granul ated), or nmay be fornmed into capsul es,
tablets and the like. The inventors have surprisingly found that
conpositions in accordance with the invention are effective, foll ow ng oral
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f er ment at i on) contlvéRioA 'compeiking pelyphénosuch as flavonols are present .in a wde
range of naturally occurring materials, many of which contain a higher

flavonol content.than red wine, and so might present nore appropri.ate
~sources of fl ﬁvﬁé‘ﬁi‘md EBBRintettsOfhe SomPosition is presented as a food supplement.. This may -
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may be a scparate substance to be consumed by an individual (e.g. as a tablet or capsule)
substantially in isolation from (i.e. not mixed with) other food components-prior to
consumption (although, of course, thé_tablet_or capsule may be taken with food). The
invention thus includes within its scope a product, particularly a foodstuff, comprising a
composition in accordance with the invention. Alternatively, the composition may be
presented as a solid to be made into a drink by mixing with a physiologically acceptable
diluent (such as milk, water or other aqueous liquid).

The dosage of composition given to a subject is dependent on the degree of activity of the
matenal but will be between 10mg and 10g per day. For the total polyphenotic pool
obtained from red wine the preferred dose is 0.1-4.0g/day, and more preferably 1-2g/day,
equivalent to 0.5 to 1 litre of red wine per day. The preferred dose of flavonol will be
in the range 0.1-1000mgs per day, preferably in the range 0.5-500mgs per day, more
preferably in the range 1-250mgs per day.

Those skilled in the art will be able to take the preparation of polyphenols obtained from
wine, grapes or wine by-products and to fractionate further to obtain compositions with



materials include: fruit in general, such as apples (e.g. var.
"Gravensteiner"), especially apple peel; pears (e.g. var. "WIlIlians
Christs"); bell peppers (e.g. var. "Yolo wonder"); red currants; bl ack
currants (particularly preferred as being relatively high in flavonols);
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veget abl es in general, including: radishes (e.g. var. "Saxa treib");
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to obtain a dontemiragian wppeiyphemnislin ftheo compasitionn and Ahe ddensity \of |the pplypberiobnol s
may be obt ai ned f‘ngm red w ne or other polyphenol-containing |iquid by
sol vent ext re@PY dgiqﬁﬁsugnsm tabl e organic solvent inmm scible with the
wi ne or other liquid. Alternatively, polyphenols may be obtained from
pol yphenol - cont ai ni ng . _ . .
.77 = - Moreover, the compositions may comprise any number of further components, such as
those typically used in the food industry ‘and/or in the pharmaceutical industry:' Such
- components may include nutrients (especially trace elements and vitamins), antioxidants, -~
therapeutic substances (especially those having a therapeutic effect in relation to prevention
and/or treatment of CHD, in particular, aspirin), flavourings, and sweeteners (especially

artificial sweeteners, such as aspartame etc.).-

Examples of the above include the following: a carotenoid such as lutein, lycopene, or o-
and/or B-carotene; antioxidant nutrients or anti-inflammatory agents such as vitamin A,
vitamin C, vitamin E (o-tocopherol and other active tocopherols), folic acid, selenium,
copper, zinc, manganwé, ubiquinone (coenzyme Q10), salicylic acid, 2,3-dihydroxy
benzoic acid, and 2,5-dihydroxy benzoic acid.

Antioxidants such as carotenoids and vitamin E are partially destroyed in the gastro-
intestinal tract by oxidation. By inclusion of these compounds in the composition of the
invention it is believed that this process is inhibited and more antioxidants are absorbed.
Use of a composition comprising a-tocopherol and/or aspirin is especially preferred since
it is believed that such a mixture affords a synergistic effect in the presence of
polyphenols.



solids by solvent extraction (typically extraction with an organi c sol vent
such as ethanol or ethyl acetate) - the solids can then be separated from
the solvent by filtration or centrifugation. The solvent may then be
evaporated to |l eave a substantially dry, solid conmposition conprisin
pol yphenol s. WO9%81318red enbodi ments, the conposition is prE%rIE’ﬁ a

food supplenent. This may be a substance to add as an additional ingredient
during manufacture of the foodstuff, or r’raly?’ be a separate substance to be

db i.ngi vj | . : t apl et I bstantially in
o0l at 1 on 1 oypirel st osihyofés i tese aiceat SHompoRen of s CompsieAn @ad Which
consunpt i on (ghy Nestetore Yo HEMBEE in HE chrit ionogucﬁaﬂ&uwnmkohﬁuﬁdgirsﬁbc%grl ,

food). The invention thus includes withih its scope a product,
a foodstuff, eumpasitionwillgivertheapproprateidese)avpasofioiows:wi th t he i nventi on.

Altematively, conposi ti p solid to be nade into a
drink by m xik%éa% th a phys%T°g§?@é;?'§y5§§'§@%‘?§'bﬁ§m§i | uent (such as mlKk,

wat er or ot heBetagaeems | i quiijo. 20hipce.doeayeniedtlycSmgosi ti on given to a

subj ect is degendent on the r activity o terial but will be
bet ween 10my AHYM per day&gﬂgﬁ?%&?'gtﬁqﬂﬁ%@ c pool obtained from
red wine the pighiyced dose 750058 4mde/sdednvedieatly Wiomgr ef erably 1-2g/day,
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| Thus in one embodiment the composition takes the form of capsules, each capsule
_ containing 500mg of polyphenol composition, with a suggested intake of one to four
~ capsules per day. Another presentation is as a non-alcoholic drink which provides an
effective dose of polyphenols when dissolved in water (still or aerated) flavoured and
sweetened to.taste, or dissolved in a fruit juice e.g. grape, apple or orange etc.

Whilst it may be preferred for a number of reasons (e.g. social, religious, and economic)
to provide an alcohol-free drink comprising the composition of the invention, such drinks
can be fortified with alcohol (e.g. from vodka, gin, whisky) to give a desirable level of
5-15% alcohol depending on the consumer’s taste. o

Other presentations are as a food ingredient in dairy products such as milk and yoghurts,
preserves, and dietary products intended as meal supplements or replacements. The above
examples are illustrative only and are not intended to be limiting in any way.

In a third aspect the invention thus provides a2 method of inhibiting oxidation of plasma
LDL in a human subject; the method comprising preparing a composition in accordance
with the first or second aspect of the invention; and administering the composition to the
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conventionally used in the food industry. The advantage is that the weight -
of active substance is |less, and the colour and taste of the supplenent is
nodi fi ed beneficially. Conpositions in accordance with the invention may be
prepared using the active pol yphenol agents in accordance with conventi onal
f ood suppl erpobgrfgoohar maceuti cal practice. The diluents, @OCIIGBITIRASS? Or
carriers etc. which may be used are well known in the fornulation art and
the formchosen for any particular reginga will depend on the given context
and the formulator's choice. In general the dose will depend on the
concentrat i ggbjett. pol yphenol's in the conposition, and the identity of the
pol yphenol conpounds in question. Mreover, the conpositions nay conprise
any nunber of further conponents, such as those typically used in the food
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POLYP Accordingly in a fourth aspect the invention provides a method of stimulating TGF-8

' production in a human subject; the ‘method comprising preparing a composition in
accordance with the first or second aspect of the invention; and administering the -
' composition to the subject. '- | o

In a fifth aspect the invention provides a method of inhibiting platelet aggregation and/or
stimulating fibrinolysis in a human subject, the method comprising preparing a
composition in accordance with the first or second aspect of the invention; and
administering the composition to the subject. |

In a sixth aspect the invention provides for use of a composition, in accordance with the
first or second aspect of the invention defined above, for the manufacture of a medicament
for oral consumption by a human subject for inhibiting oxidation of plasma LDL in the
subject. o

In a seventh aspect the invention provides for use of a composition, in accordance with
the first or second aspect of the invention defined above, for the manufacture of a
medicament for oral consumption by a human subject for stimulating production of TGF-§
in the subject.
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13 Typical suitable daily doses of these additional conponents of the
conposition (and which may therefore be included in the conposition such
that normal consunption of the conposition will give the appropriate dose)
are as follows: Lutein 2 to 50ny e.qg. convenlentlg' Sng#geta
car ot ene WOy e.g. conveniently 5ng Vitanmin A CT 7600
RE e.g. conveniently 500 RE Vitamn C 75 to 250 ny e.q.

conveniently 100ng Folic Acid 0.1t 1.0 ngy e. g convenlently 0.2 ngy

oL o o, Tnci e g roviad W o oF 2 et oSl with e
conveni ently gapg eo&a Z%qé’ct @Iﬂc mventl&ich&' ﬂe@%vggfor ﬁle {ﬁ%ﬁﬁ‘g b edicaflent T
10 to I n one

Aspirin .g. convenl ent| ,
enbodi nent t hier amlpgmsumpuon zbke& humanf wbjwaoma}hdunm ,plwzlc;thagg@tibe and/or

cont ai ni ng 50 0, t f one
to four capsuﬁ(girtéggﬂagergp@J WE{% bﬁlgerm @a{lﬂp s’ﬂ%s ahon- %et%#}%%c HFY nk
whi ch provi deia thﬂplaﬁxﬁeof theetmﬂmsubjecmol yphenol s when di ssolved in water

(still or aerated) flavoured and sweetened to taste, or dissolved in a
fruit juice e.g. grape, apple or orange etc. Wiilst it may be preferred for

a number of rpRsedfpdstioh in®Abitancd WithGhe fist 8 GecBAO RIS be ufe RARHAGIP YA

al cohol -free drink colr;g;l Si n? the conposjtion of the invention, suc

can be forti fiypigaly ch @Bhg the: abovermentiopesti ipropegfias, oMty stklwctt@ngﬂmagahe
desirabl e 'e"&ﬁn itih. ﬂ{ | ngrm%@ T{‘ﬂé%Qﬁé?ﬁneﬁ@ﬂ%ﬂHﬁﬁm@gﬁ@cﬁﬂe@@?r

presentations a e as a alry products su
yoghurts, pr ewrek consumptich Hy at lamanpsubjtctc fos tlmpmpdmjoﬁeffmg one [l more rof thor
repl acenents.
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conposi ti on idggregatdn sthadlaribh bf fibiénolysiss andstimulation of TGF-B production; the method - -
comprising preparing a composition in accordance with the first or second aspect of the
. invention; if necessary, mixing the composition with a physiologically acceptable excipient -
; or camer, and preparing unitary doses of the composition. Suitable methods of makmg
'_ the medicaments are well-known to those skilled in the relevant art. . =

Medicaments hav.ing this effect may take the form of food supplements or ingredients,as =
explained above, and should be useful in the prevention or treatment of coronary heart
‘disease. Suitable doses of the medicaments, as explained previously, will depend on the

~concentration and identity of the polyphenols in the composition, and on the severity of
the disease state in the subject to be treated. However, as a general guide the dosage
should preferably be sufficient to give the same amount of polyphenol consumption as that
provided by the consumption of at least one glass of wine per day (approximately
equivalent to 0.25gms of the total polyphenol pool from red wine), but more preferably
about 0.5-1.0L of red wine per day (i.e. about 1.0-2.0gms total wine polyphenol).

The invention is further described by way of illustrative example and with reference to the
accompanying drawings, in which:

Figure 1 shows a graph of LDL oxidation against time (minutes);



second aspect of the invention, for use in the preparation of a nedicanment
to inhibit 14 The present inventors have found that not only does oral
consunption of the conposition of the invention inhibit oxidation of plasna
LDL, the conposition will also have the effect of stinulating production of
t ransf or m nowelegndyee f actor (TGF)-[err] in vivo. Additional Ipciéss7iozsaent or s
have found that oral consunption of the conposition of the invention wll
inhibit platelet aggregation and/or stimugte fibrinolysis, thereby
decreasing the thronbotic tendency of an. individual, which is of assistance

i n preventi nBigated? &5 a schembiic) eepirésentatimt ofcthelicoreashmsmfcistiflavanéstD, stroke. In
particul ar, consunption of the conposition is found to increase the |evel
of tPA activity in plasnma (as conveniently neasured by nmeans of assays such

as the "ChroF‘%hi'eZ?'is # Scéhidhali@ Yeprdsehthdforl 60k BbRANALmre R BholglesCr i bed .
bel ow), the effect of which is to increase the net rate of fibrinolysis in

the subject. Accordingly in a fourth aspect the invention provides a

conposition j§ C | : I . .of the invention,
for use in tE@“gerggsgggﬁg%ﬁﬁ%%éés%&a{%%%tﬁgsﬁ&%&?ﬁuﬁ%ﬁ?ﬁg TG--[err] in a
human subject. In a fifth aspect the invention provides a conposition in
accordance w,th the first or _second.as t of the invention, .for use in the
pr epar ation%ﬁ“ﬁfﬂb’ﬁ?ﬁﬁ'ﬁ’é‘ﬁ?c FepresFRiation ‘?f‘ﬁﬁcﬁﬁ'ea?r@f’@fe JrhogYAnIng, agd, 4/ or
stinmulating fibrinolysis in a human subject. In a sixth aspect the
i nvention provides for use of a conposition, in accordance with the first
or second asphigure &is 2 ehematje mrpresantadon ofthe swucpire of sesveratrokanuf act ure of a
medi canment for oral consunption by a human subject for inhibiting oxidation
of plasma LDL in the subject. In a seventh aspect the invention provides
for use of aExamplest tRreparation ofdRolyphenalPomiden froimeRéd Wine or second aspect of
the invention defined above, for the manufacture of a nedi canent for oral
consunption by a human subject for stinmulating production of TG-[err]

S "About 2,000 litres of red wine (French 1993 Cabernet Sauvignon) was filtered to remove

‘sediment and distilled under vacuum at 300millibars pressure at 75 to 80°C ‘for 1 minute, ©
“then cooled and concentrated under vacuum at 55°C and then quickly cooled down to - °
25°C by refrigeration. The concentrated wine was passed through a column“(55cm
diameter, approximately 2 metres high) containing 65 litres of Diaion HP-20 resin.- The = -
"column was washed with 250 litres of distilled water and the polyphenols eluted about 250

litres of 50% ethanol, over a period of 150 minutes or so. At the end of this time the
eluate was free of polyphenols, as determined by the Folin-Ciocalteu method (described

by Singleton & Rossi, 1965). The eluate was then concentrated to 35% dry matter under '
vacuum distillation and spray dried under nitrogen to produce about 2kg of powder with

a moisture content of 3 to 4%. '

The polyphenol powder is an excellent food ingredient having a dark red colour when
dissolved in water or aqueous alcohol, being quite palatable, and giving a "bite" to the
palate similar to that of red wine. The recommended daily dose is 1-2g/day.

Typical composition of the polyphenol powder is compared below with the polyphenol
content of red wine. Compared with red wine the polyphenol powder contzins
proportionally more of the proanthocyanins than the other polyphenols, but essentially
preserves the relative abundance of the various polyphenols.



I n the subject. W98/ 11789

PCT/ (B97/ 02537 15 In an eighth aspect the invention provides for use of a
conposition, in accordance with the first or second aspect of the invention
defined above, for the manufacture of a medi canent for oral W&m by
a human subj c¥0 9881782 nhi bi ti ng pl atel et aggregati on and/ or at1ng
fibrinolysis in the subject (particularly t%y I ncreasing the | evel of tPA
activity in the plasma of the hunman subj eo‘t) The conposition in accordance
with the first or second aspect of the invention will typically confer all
of the above-nentioned properties on a subject consum ng the conposition.
The i nvention s . ' f maki ng a nedi canent for
or al consunptFé%%g@&ﬁ%ﬁ%ﬂ%ﬁ%@gr tﬁghgﬂ‘rﬂgose of effecting one or
more of the following in the subject: inhibition of oxidation of plasma
LDL; inhibition of platelet aggregatign; | mul ation of fghriaelysis; and
stinmulation of TGF-[err] production; ?5% ..conpri si | a
conposition in accordance with the fi g lc&‘fldggg'gnd aspec'g’(al B%E)Z%‘ngernt i on;
I f necessary, mxing the conposition mgh a physi‘gl ogi cal"‘%/g

accept abl eexci pient or carrier; and preparing unifary doses of the %
conposition. Suitable nmethods of nmaking the nmedi canents are well-known_ to

t hose skil | edHydroxycinnaplieaeidt art . I\/Edlgﬁanents havi ng thil® effect may ?ake
t he form of f@gtg plenents or ingredjgnts, as gypl ai negggabove, and sgoul d
be useful in evention or treatnent of coronary heart disease.

Sui t abl e doseFPlagbndlhe nedi caments, as &Qpl ai ned pReviouslii, will depend on
t he concentratigon and identity of the | yphenol 3 in the .ﬁjonposi tion, ﬁind
on the severi MIGFYAE (i sease state | he subj &t to b reat ed. However ,

as a general pwagﬁo‘t_)}aﬁidﬁgsage shoul d pssef erably l#@ suffi &8ent to gi ve77he
sane anount of pol yphenol consunption as that provided by the consunption
of at |east one glass of w ne per day-Fapproxi mately —

TOTAL 1135 620

- Volunteer studies using wine polyphenols were conducted in order to determine the
antioxidant activity of red and white wine and polyphenol preparations in healthy
- volunteers. S

Subjects and Methods:

26 healthy men, aged 35 to 65, who were n;:n-smokers, consuming a standard UK diet
participated in a private and confidential study. Two weeks before the study the
volunteers discontinued wine consumption. All the volunteers were asked to maintain their
usual diet and lifestyle during the study. The volunteers were divided into groups which
consumed the following wine or tea products with meals for two weeks in the quantities
shown in table 1. The red wine was Cabernet Sauvignon (1993) and the white wine was
from the region of Narbonne, France. The wine provided during the study was the only
wine allowed during the experimental period. In addition the same subjects were given
polypheno! powder prepared from the same batch of red wine used in the study. The
powder was stored at -20°C (PP1) and a fresh sample prepared in June 1996 (PP2). The
studies commenced at the beginning of September 1995 and lasted about one year.



equi valent to 0.25gns of the total polyphenol pool fromred wne), but nore
preferably about 0.5-1.0L of red w ne per day (i.e. about 1.0-2.0gns total

wi ne pol yphenol). The invention is further descri bed by way of illustrative
exanple and with reference to the acconpanying drawi ngs, in which: Figure 1

shows a gragossiidgel oxi dati on against tinme (m nutes); YER8ad7028s
PCT/ (B97/ 02537 16 Figure 2 is a schenmatic representation of the core

structure of flavones; Figure 3 is a schggmtic representation of the core
structure of flavonols; Figure 4 is a schematic representation of the
structure of gallic acid; Figure 5 is a schematic representation of the
core structure of ant hocyanl ns; and Figure 6 is a schematic representation
of the strubroHP-Test Substance at r ol . Exanpl e 1 Preparati on of Pol yphenol Powder

Sauvi gnon) as. 1 CTRERaq it el €3 wibe [FRnt) Wonali B ekl S REEC i o

300mi | Ii bar®) pr eYsuoﬂmire?Bummxﬂﬂ[ﬁSlqlﬁ. f:omamxnmorﬁgms/L lypherotsl ed and

by et ri ger 8| ones e By Rohe Gr ‘4&%@*3&%%&”'“%& R o5 Do s

di amet er, appr oxiwegstatihe2apsteses hi gh) containing 65 litres of Diaion HP-20
resin. The coI um_ was ,washed with 250 litres of distilled water and the

pol yphenol s4% ut White, pyins; contatning in solutipn kg red; wing pplyphapels (seeelowy of 150

m nutes or Ay, t)%ﬁfs free of pol yphenols,.
as determ ngg by O%%%Eg%&%d%gﬂ Re’ﬁ@n&*tl{?cf?dQ' ?eimg?d by Singleton &
Rossi, 1965§) Thiomgsmyeamm asogreps skintextracto(Sefah, (StyJulien tder Peynolas,

vacuum di still at#ﬁ?\cé?&@v R‘trs Y, i ed under nitrogen to produce about 2kg of
powder with a nol's con f 3to 4% The pol yphenol powder i's an

excel | ent f@pd i regrwine anatc (Henchg’amdilmf"k Arkopleapina,uNice\Brance) given as capsules

(3 per day), each capsule comprising 250mg marc

8) grape seed proanthocyanidins, as Endotelon™ capsules, (Sanoﬁ-Wmthrop, France)
(3 per day), each capsule comprising 150mg proanthocyanidin

9 green tea extract (Polyphenon™, Mitsui Norin, Fujieda, Japan), 3: capsules per
day, each capsule comprising 100mg tea catechins as follows: 1.6% gallo catechin,
19.3% epigallo catechin, 6.4% epi catechins, 59.1% epigallo catechin gallate and
13.7% epicatechin gallate

Blood samples were drawn.into K; EDTA (1immol/L) 12 hours after the supper meal,
before and at the end of the period of wine product consumption. Samples were
centrifuged at 2000 x g for 15 minutes at 4°C to obtain plasma. LDL was separated by
density gradient ultracentrifugation using a Beckman bench top model Optima TLX with
a TLA 100.4 rotor (Beckman, Palo Alto, CA), as follows: sodium bromide was added to
plasma to a density of 1.3 g/m! and layered under a 1.006 g/ml density solution. Spinning
took place at 100,000 RPM for 20 minutes at 4°C. The orange/yellow LDL band was
removed and spun with 1.154 and 1.063 g/ml density solutions for 30 minutes at 100,000
RPM and 4°C,

The visible LDL layer was removed and dialysed with 10 mM phosphate buffered saline
with 2 xM EDTA for one hour using a dialysis cassette (Pierce Slide-A-Lyzer, Perstorp
Biotec Company, USA) at 4°C for one hour, then with 10 mM phosphate buffered saline



di ssolved in water or aqueous al cohol, being quite palatable, and giving a
"bite" to the palate simlar to that of red wine. The recommended daily
dose i's 1-2g/day. Typical conposition of the polyphenol powder is conpared
bel ow with the pol yphenol content of red wine. Conpared with red wine the
pol yphenol poN29 A ai ns proportionally nore of the proant REEERATS% han
t he ot her pol yphenols, but essentially preserves the relative abundance of

t he vari ous pol yphenol s. WO 96111789

PCT/ GB97/ 02537 17, Conposition of red wi ne and pol yphenol powder Red w ne
Red wi ne gal | P¥er@ighy equi v pol yphenol powder ng/L

ng/'g Hydr oxyci nnam ¢ acid 165 15 18

3 Cat echins 200 17 38 6

Fl avonol s Total polyphenols were detegnined in plasma a2nd in the LDL]ftaction by the method of

Ant hocyani ns 4. . 0q.. 7 ‘ 0
Pr oant hocyani §1nﬁgeton and Rossi (1965g58neﬂy, total polyé&nols in plasn%gﬂud LDL were measur];%

TOTAL 18y taking 125x1 of plasma or 4004126F EDBrapl n2akifg! upnioeSO0us Wikl water) s Thig
wi ne pol yphenol s were conductig in qrder to determ ne the antioxi dant
aCtivity of 1 BURTRRCWaHASE Jord SEit) of diofarsagnnt (bt Xi10b ud i 3,0misopt Fptium
vol unteers. SebbéateS(78BR/IYET ARESMI (el lute SoItRm wadfkGbated aPrddm tefi}er €

non-snokers, consum ng a standard UK diet participated in a private an
confidential frZdyhowrsgndither semeifuged at 2,80Qrpmafipr Bginutes. The optical density of the

supernatant was measured at 765nm. Gallic acid was used as a standard for comparison.

Protein was determined by the Bradford Method (Bradford, 1976) using a kit containing
the Bioquant reagent (Merck, Darmstadt, Germany).

._ Two independent methods were used to determine antioxidant activity.
1) Copperoxidaionof LDL
~_ The lipoprotein (50mg LDL protein/L) was incubated in the presence of copper sulphate
| ~ (5mM) at 37°C for 5 hours. Cbhjuga_tcd diene formation was continuously monitored by
' measuﬁng the mcrease in absorbance .at 234nm and the lag time before diene-formation
determined according to the method of Esterbauer, et al. (1989). Figure 1 shows a graph
of conjugated diene formation.(as measured by absorbance at 234nm) against time (in -
minutes). Typical curves are illustrated for samples taken at the start of the trial (0) and
after 2 weeks. The lag phase is measured by extrapolating the linear part of the plots
down to the x axis (as shown by the broken lines). Preferably, consumption of
compositions in accordance with the invention will result in an increase of lag phase time

of 2 minutes or more.

2) Plasma lipid peroxides

All plasma lipids and lipoproteins were selectively removed using PHM-L-liposorb
(Calbiochem-Novabiochem UK). Dry PHM-L-liposorb (20mg) was suspended in 0.25ml
of 150mM sodium chloride containing 10mM sodium citrate in a 2ml brown micro
centrifuge tube, the contents stirred and allowed to equilibrate for 5 minutes. Plasma
(0.5ml) or saline (blank) was then added to the liposorb suspensions, stirred and the tubes



vol unt eers di sconti nued wi ne consunption. Al the volunteers were asked to
mai ntain their usual diet and |ifestyle during the study. The vol unteers
were divided into groups which consuned the followi ng wine or tea products
with neals for two weeks in the quantities shown in table 1. The red w ne
was Caber netydéagmhgnon (1993) and the white w ne was from plca/eBeyoassy of
Nar bonne, France. The w ne provided during the study was the only w ne

al l oned during the experinental period. RO addition the same subjects were
gi ven pol yphenol powder prepared fromthe same batch of red wine used in
the study. Tikedonterotating miker fod 15tminBRE (ATt )centrihgatién €120000axg!for Prsippr ed

e e ey S S ThaDSh Pl o 9] e B
PCT/ GB97/ 023@#rinkCarid’ ceHRiflgifibn. Stmé twiSkedl ﬁﬁosorb g@@% SfRpendelt il 9! 'SE}ﬂ ch6switol ©

(375m ), containi og 1. 8¢g ms/L phenol s 2) Vin ordinaire white w ne

(375n s), covidasari gglecremgmsﬂi Hdvlwhbm Blagsd on p getating, mixes apd \stiged (fméibar ed

fromthe sa

whi te wi no. A5 epSeriAEchRIBOBYR g'tor 3 b hbobeciCnlhle 6 GARBL DR

vodka and | exfulmclear sbpétmatant wisc measujed mm)spestrmotmkwpr&) 405m5&ggjn£thaMank -
ant hocyani ns,..as.gra ski nleiéé{ﬁct (Sefcal, St Julien de Peyrolas, France)
given as a d?’Flh??hg?' Oreg, eA 4 rc (French Paradoxm Arkopharna, Nice, '
France) given as capsules (3 per day), each capsule conprising 250ng marc
8) grape seed Proant hocyanl di ns,, .as Endot el on[ errb}%ca psul es,

( Sanof i - W ntiieispablysonsemaptionp pfernpeayyns inAcpordange With WFP‘QM‘Q'“lG@Hgm a
pr oant hocya%&egh plasml R pérS o KbhciirarldRbedR BB g it MO 1

Fuj i eda, Jar
Results
The values obtained were compared before and after treatment. Table 1 summarises the
results which are given in detail in Tables 2 to 6. As shown in Table 1, those products -
containing abundant wine polyphenols (red wine, PP1, PP2, white wine + PP1) showed
*‘an increase in polyphenols in plasma and LDL and antioxidant actmty in LDL; as
- ‘measured by tests 1 and 2 above

The two polyphenol powders (PP1, PP2) gave results of the same magmtude as the
- equivalent amount of red wine.

There was no effect with white wine, anthocyanin powder (Sefcal™, an extract from grape
skins used as a food colorant) red wine pomace, French Paradox™ capsules (Arkopharma)
-or Endotelon™ (Sanofi-Winthrop, a proanthocyanidin preparation from grape seeds), nor
with the green tea extract (Polyphenon™) containing catechins and their esters.

The active polyphenol preparation contained the pool of all the polyphenols in the red
wine, and was carefully processed so as to avoid their oxidation. Moreover it was shown
that the polyphenol content of the plasma and isolated LDL was raised in those subjects
receiving red wine or polyphenol powder obtained from red wine or grape skins.

In confirmation of the antioxidant activity of the preparation, a second assay was used in



day, each capsule conprising 100ng tea catechins as follows: 1.6%gallo
catechin, 19.3%epigallo catechin, 6.4%epi catechins, 59.1%epigallo
catechin gallate and 13. 7% epi catechin gallate Bl ood sanpl es were drawn
into K3 EDTA (1mmol /L) 12 hours after the supper neal, before and at the
end of the peWQ®¥Idm%i ne product consunption. Samples were BEHCRIVRFII at
2000 x g for 15 mnutes at 4[err]C to obtain plasnma. LDL was separated by
density gradient ultracentrifugation usingla Beckman bench top nodel Optima
TLX with a TLA 100.4 rotor (Beckman, Palo Alto. CA), as fogl|ows: sodium
brom de was aWiich Rlasma| wastEeated withjarh apspibepk resin vhigthfemoyed fipigs ad) lipepreteing

1.006 g/ de %Réh

m nut es at 4Cmd ecté)%%{gdgﬁggﬁé %Lr&ghﬂg&vlv?sﬁ{regenﬁlieiﬂa punwag‘d rz%@de§4
and 1. 063 g/ nivertodesrensedsinithe mbmctsfglversﬁdrwmmbemeqmlmmommpmnbn,nmgam thehe
visible LDL | aye Sl di.al h 10 _mM Qs te buff
sai | ne i th 2EPERPARREGEEGS of e ROTPHERS! prifde? e U EERB IR Fdiis o
Sl i de- A- Ly zer wirgefyorh awlichBit adae @bfaiedany, USA) at 4[err] C for one hour t hen

with 10 mM phosphate buffered saline WD 98/ 11789
PCT/ GB97/ 02537 19 overnight. Total polyphenols were determned in plasm

and in the L Bﬁ ety shb® dokclisiely fth§£DP Olypheéidis2ird m&%bd(ah%g% wine
Briefly, tota pon enol's 1n plasma and LDL were neasured by taking

125[ err]| of pirusstran ond ageprinsthe plasma md LBY, anddhaipolyphenslisisolated fiom wirelcan
water. This ed gﬁﬁf X and
2.0m s of so% ca § e & 7g& %ér% ?%E’rﬂ:a}o%i H%‘ﬁﬁ‘*#ﬁ?%&é"’é@%“‘
i ncubat ed at amttyt él’m:emadmbéaétﬁm ar thefpolypacxmmmahen seeathll i Pﬂgﬁdl}athey can
2, 500r pm f or m nutes.. The optical densi.t, the su ta red
2t 705 Cal forRest 1o, 005 SOER 2€ SopEEF Al der PBlCH R B8 procuctn oF g
peroxides in vivo. These chelated ions are inactive as pro-oxidants. Polyphenols, because
of the high content of hydroxy groups, comprise chemical structures known to chelate
me_:tal_ ions, and thus destroy their catalytic properties.

,.Anpihgr action may be to act as a sacrificial substance which is oxidised before LDL, as
.is the case for alpha-tocopherol. However the invention is not limited to any one
particular mode of action. '

To investigate the importance of the removal of EDTA from the preparation before copper .-
catalyst oxidation, a comparison was made using dialysis with and without EDTA, and a
resin column. method. When EDTA is added to the dialysate the prolongation of the lag
time produced by red wine polyphenol powder did not occur or was markedly reduced:
Dialysis without EDTA and the column method gave similar results. The failure of
previous authors (de Rijke et al, 1996) to obtain an effect of red wine in volunteers might
be explained by the presence of EDTA in their preparations used for copper catalysed
oxidation,



Protein was determ ned by the Bradford Method (Bradford, 1976) using a kit
cont ai ni ng the Bioquant reagent (Merck, Darnstadt, Gernmany). Two

i ndependent net hods were used to determine antioxidant activity. 1)

Copper oxidation of LDL The lipoprotein (50nmg LDL protein/L) was incubated
in the presewo®s/k78opper sul phate (5mV) at 37C for 5 hour criseyaEat ed

di ene formati on was conti nuously nonitored by nmeasuring the increase in
absorbance at 234um and the lag tine bef@ge diene-formation determ ned
according to the nethod of Esterbauer, et al. (1989). Figure 1 shows a
graph of coffabiml.c Sudimary dfaesoitsi of volwsteerestadies dn Win@polgphaipie at 234nn) -
against time (in mnutes). Typical curves are illustrated for sanples taken
at the start of the trial (0) and after 2 weeks. The |ag phase is neasured
by extrapol ating the |inear part of RONPHSRQIS s Amtigkidam ¢ he x Astivity(as shown
by the broken lines). Preferably, consunptionldL conpositior¥asma accordance -
with the i nFPEPAYCHhN wi || r et t Flasma | ncrlddse Goppéramethotase tLipid Reroxides '
m nutes or nore. 2) Plasma |ipid peroxides Al plasm |ipids and

| i popr ot ei nRedewive sel ecti v@ly renoved usi-ag PHM L-|i posorb 4+

( Cal bi ochemWhiteawinechem UK. Dry PHW L-liposorb (20ngy) was suspended in

0. 25m of 1P®dosdedr um chl®ri detcontai ning 10mM sodiumcitrate in a 2ni
brown ni cr o PP2rpomidérige t ub®, the contents¢stirmped and allowed to

equi | i br at e White wingi -R(PPds.6 Pl aspa (0. 5m )qor s@aline (bl ank) ypas then added
to the |i poggédhoke dpiamsi ong, sStirred and the tubes WO 98/11789 .

PCT/ GB97/ 02 AnthodParithsiCed o5 a rotating mixer for 15 nminutes._ After

centrifugat Rl widl MO X g for 1 min) the supernatant was disgarded and
i %)y 1.5m saline foll owed by stirrilﬁg and

| i posorb gelg tw ce
centrifugat bﬂﬁmhz hegg | i posorb gel was suspended in 1.5n chol esterol

Green tea extract 7 - - - ND

+ = positive effect
- = no effect
ND = not done



oxi dase-i odi de reagent (BDH Merck) and placed on a rotating m xer and
stirred for 60 mns. After centrifugation (12,000 x g for 3 mn) at room
tenperature the optical density of the clear supernatant was neasured in a
spectrophot oneter at 405nm agai nst a blank with saline, (Gorog et al

1994). Prefer WOIMIHsunpti on of conpositions in accordance IGBYINZS37
invention wll result in a decrease in plasma |ipid peroxide concentration
of at least 0.1 [err]nol/g protei n Resul t The val ues obtai ned were
conpar ed before d er freat Tabl e su rls s the results which
are given in é‘é? |nq %He‘?'a‘lﬁ‘@g‘e d"iee Pﬂg‘g'éﬁﬁ%%w °lsH'B§/8“'pr oduct s
cont ai ni ng abBFRY vﬁrﬂ)pol yphenols (red w ne, PPI, PP2 white wine + PPl)
showed an increase i n pol yphenols in plasma and LDL and ant i oxi dant
activity in LDL, as neasured by tests 1 and 2 above. The two pol yphenol
powders ( PP1, PP2) gave results of the sanme nmagni tude as the equival ent
amount of red Peodact There was noNeof fe@ w th whitaykM ne, ant pGgkagni N powder
(Sefca[err], an extract from grape skins used as a food col Obﬁpéatiﬁg W ne
pomace, French Paradox[err] capsul es (Arkopharma) or Endotelon[err]
(Sanofi-Wnthr pr oant hocyaniydi n tion rape nor
with the greenﬂ%e‘g?ngxtract ( Pol ygheno t aig conti%'%pr%'g cat e@‘ﬁﬁﬂs and their
esters. The acVhife Wiet yphenol par at nt ai FOBEh& pool 048804l | the
pol yphenol s i iPPhe red wine, and9vvas 2h0a2A®| y pr26cEE88d so 8H0Po0 avoid

their oxidatioppz Moreover it wasgshowpqishat4t he pgloppgnol ceoyent of the

pl asma and i s%ﬂ qu#e r ai sgd i nl.lfl.t&g_%eosubj eﬁti‘r{ 9C€I V|@§2¢ed W ne or -
er Q a| ne

pol yphenol fromred wi_ne=or grape’ s irmation of
t he anti oxi da of t he ﬁr epa?%‘?r—e‘n, a seddial-d ssay 0&€0 used in
W8/ 11789 Anthocyamns 5 19.2+6.4 21.4+3.1 0880 GB97/. 02537
21 . Red wine Marc 6 22.6+0.7 23.4+1.2 0.158
Grape seed 6 20.44+6.7 21.3+7 0.380
proanthocyanidins

Green tea extract 7 21.3+1.2 22.1+1.6 0.295



whi ch plasma was treated wth an absorbent resin which renoved |ipids and

| i poproteins and the content of |ipid peroxides determned in the resin.
The content of |ipid peroxides were decreased in the subjects given red

wi ne or the pol yphenol preparation. Again the magnitude of the effect of

t he pol ypherghoffigier Was equi val ent to the anount of red wergssoteass»hi ch
it was obtained. These experinments show conclusively that pol yphenols are
absorbed after red wi ne ingestion and appgar in the plasnma and LDL, and

t hat pol yphenols isolated fromw ne can have a simlar effect. Mreover the

absorbed polpaplesol s Effeet oOwive aid Wik prsde@sonIDY. Yolyphende node of action

of the pol yqﬁ@‘gﬂ,?‘. i Besgeyeral . Primarily they.can'Sequester netal ions
such as copper and i1ron mﬁlc pronote the production of |ipid peroxides in

vivo. These chelated ions are inactive as pro-oxidants. Pol yphenol s,
because of the high content of hydroxy groups, conprise chemcal structures
known to chelate netal iong, d thus d stroy tE catal ytic properties.
Anot her acti be to a a sacr% ci al B’?i“&'nce whi ch is oxidised
before LDL, as is the case for al pha-tocopherol PAFghESt the invention is
not limted to any one particul ar node of action. To investigate the

i nportance oRediwine enoval 9f BaJ+-6.20m2(3e8/r ep@i0dL i on before copper.

cat al yst oxi §@tifeQRine 2 corrpgrl bng bgl ysis with and w t hout
EDTA, and a E,g I'n colum ;ﬁﬁé\ggn

| to the dialysate the
prol ongati on the | ag t ol yphenol powder did not
occur or wasPRarked| y reduéed -‘b- si

Q&H‘P}Quto A and the col urm et hod
gave si m |'ar Whituvine .+ The 6ai I33r59-_|-_6).B (H424-2L0 adOWdrs (de Rijke et al,
1996) to obtRPh an effect of red wine in volunteers m ght be expl ai ned by

the presenceAWdohblill drikip t hgi I 30T £PAKALY30NE] 6sedppg4 copper catal ysed -

oxi dati on 1789
PCT/ GB97/ 025@-}%&9 40.0+5.6 36.2+6.0 0.520

Red wine Marc 6 41.743.6 38.4+3.4 0.063

Grape seed 6 38.2+4.8 40.2+3.7 0.240
proanthocyanidins '
Greenteaextract 7 36.9+46.2 37.3+5.3 0.840



22 Table 1. Summary of

Pol yphenol s Anti oxi dant

No. °“Plasma LDL Copper
9 + + +

- PP1 powder WO93/11789

powder 6 +

PP1 6 + +

results

+

of volunteer studies on w ne pol'yphenol S

Activity LDL
met hod

+

+ +
+ 25

Pl asma Pr oduct

Li pid Peroxi des Red w ne

+ White w ne
+

pcr/m?mp;sg-f

+ White wine +

+ Al coholic drink 6

- Ant hocyani ns
ND G ape seed

Tahie 4 (Iflect

5 Red _wi_ne Marg¢

V\D98/ 11789
23 Table 2. Effect of wine and wi ne products on plasnma pol yphenol s ng/gm
2wk

protein

(S.D.) Product

val ue paired t test

Product No
Red wine 9
White wine 9
PP1 9
PP2 6
- Whitewine + PP1 - 6
Alcoholic drink 6
Anthocyanins 5
Red wine Marc 6
Grape seed 6
proanthocyanidins

Green tea extract 7

No

of wine,and “@@@&M‘é’&' plagma Jipid peroxides

(umole/glproetein & SaBi)t i ve effect - = no effect ND = not done

PCT/ GB97/ 02537

O
o 2wk P value
paired t test

2.13+0.70 1.54+0.48 0.056

1.73+0.55 2.15+0.66 0.158

1.904+0.52 1.37+0.38 0.051

1.88+0.24 1.51+0.21 0.018

1.70+0.51 1.1940.19 0.040

1.60+0.25 1.50+0.40 0.460

3.04-+0.73 2.9340.56 0.260
not done

1.69+0.13 1471046 0.289
nc;t done

P



Red wi ne 9 16. 2+5. 6 22.6+2. 7 0. 008 Wite w ne

9 18.9+5.0 20.3+1. 4 0. 450 PPI 9
21.0+2.9 26. 9+5. 3 0. 009 PP2 6 24.5+1. 4
26.0+ 1.8 0.070 Wiite wine + PP1 6 17.6 + 4.0 22.6 +1.7
0. 020 Al cohQja 6s/fi5gonk. 6 23.9+1.0 24. 0+ 1. PCTIGBITIN2EBD
Ant hocyani ns 5 19. 2+6. 4 21.4+3. 1 0.580 Red wi ne
Mar ¢ 6 22.6+0.7 23.4+362 0. 158 G ape seed
6 20. 4+46. 7 21. 3+7 0. 380 proant hocyani dins Geen tea extract
21. 3+ ;#l of wirke and witle prdducts oAQLBB/okidatn by co mean
PCT/ GD97/ 02 24 Tagﬁ%‘ fect of wine and w ne pro uctpgu;)n LDL
pol yphenol s ngrghwnpnmﬂMSr(:t S. IS)D ) Product 2wk
P value paired t test Red w ne 9 34. 0+6. 2 42. 3+8. 1 0.001 Wite
Wi ne - 9 39.3+6.1 38.51+0.0 0.820 PP1 9 37.0+4.6 47.6
+6.2 0O 002 PP2 6 35.55.1 46.0+10.0 0.006 Wite wne + 6
33.5+6.3 54.2+21.0 0.040 PP1 Al coholic drink 6 39.4+4.5 43.71.6 0.084
Ant hocyani ns Prodwet  40. 0+5.M036. 206. 0 0. 5202Wk Pvalue
paired test
Red wine 9 51.6+7.6 69.3+18.3 0.008
White wine 9 63.8+18.5 63.6+9.9 0.950
PP1 9 51.745.6 65.9+12.8 0.006
PP2 6 60.0+9.2 "73.7+11.0 0.001
White wine + PP1 6 54.8+2.6 66.5+5.2 0.007
Alcoholic drink 6 54.01+4.6 56.6+4.2 0.140
Anthocyanins S 53.0+4.4 51.5+3.11 0.650
~ Red wine Marc 6 62.0+2.7 ' 60.3+5.2 0.500
Grape seed 6 69.5+24.0 62.8+5.4 0.499
proanthocyanidins

~3

Green tea extract 66.2+4.4 '_ 593+5.4  0.629



Red wi ne Marc 6 41.73.6 38.4+3.4 0.063 G ape seed 6 38.2+4. 8
40. 2+3. 7 0. 240 proanthocyanidis G een tea extract 7 36.9 +6.2 37.3+5.3
0. 840 WD 98/ 11789

RCT/ GB97/ 02537 25 Table 4 Effect of wine and wi ne products on plasma |ipid

per oxi des ([ avOpP¥8178 g protein ( S.D.) Product BYTA2537
2wk P value paired t test Red w ne. 9 2.13+0.70
1.54+0.48 0.056 Wiite wi ne 9 27 1.73+0.55 2.15+0.66

. 158 PP1 9 1.90+0.52 1.37+0.38 0.051 PP2
1 ackisigds 1. 51+0.21 0.018 Wiite wine + PP1 6 :

0

6

1. 70+0. 51 19+0. 19 0.040 hol i ¢ dr i 6. . 1 .

1 5040, 40 o?‘l‘ﬁ@r’ﬁ%‘a@é %ﬂﬁ“ﬁ&él 1°gram ‘;"ﬁ‘eﬁiyrl%eml powder i equivalent 50 QQ%%@%
g- 260 Red Wi ipe rédbwine. A daily doBe of 1-2 g polyphenol powder wogli hdeagoréntiaPpropRylabtic
7
P

1.69+0. 13, 1.47+0.46 0.289 proanthocyanidins G een tea extract
activity againstgoronagy heart disgasss/ %gppg products such as grape skin extract used in

CT/ GB97/ 0253} e food industry as a colorant, a proanthocyanidin preparation, French Paradox capsules
and a green tea extract containing catechins and their esters were inactive.

Example 3
A capsule was prepared from the following ingredients by simple admixture and routine
encapsuiation. '
mg
Wine polyphenol powder '500
Stearic acid 25
Magnesiﬁm stearate 50
Microcrystalline cellutose 25
600mg

Two to four capsules are taken daily with or after meals.

Example 4
A capsule was prepared from the following ingredients by simple admixture and routine
encapsulation.
mg
Wine polyphenol powder 400
e tocopherol 150
Folic acid 0.2mg (1: 50 in diluent) 10
Lecithin 20
Beeswax 20

600mg



26 Table 5 Effect of wne and wine products on LDL oxidation by copper:
0

mean Lag tine in mnutes (+ S.D.) Product No

2wk P value paired test Red w ne 9 51.6+7.6

69.3 + 18.3 0.008 White w ne 9 63.8+18.5 63.6+9.9

0.950 PP1  wo9s/11789 9 51.7 +5.6 65.9+12. 8 RAEXEBITDES37

6 ~60.0+9. 2 73.7+11.0 0.001 Wite wine + PP1L 6 54.8+2.6
66.5 +5.2 0. 007 Al coholic drink 6 28 54.0+ 4.6 56.64. 2

0. 140 Ant hocyani ns 5 53.0+4. 4 51.5+3.11 0. 650 Red w ne
Mar c 6 At leasP thrée éajm?les per tﬁg-sﬁo“tﬂd%e taken wittPEaléy ape seed 6
69.5 +24.0 62.8+ 5 0. 499 proant hocyani dins Green tea extract 7

66. 2+4. 4 59.3 +5.4 0.629 WD 96/ 11789

PCT/ GB97/ OZ@F‘VZ-.#QOMI usions The antioxidant activity of 1 gramw ne
pol yphenol S equivalent to half a bottle of red wwne. A daily dose

of 1-2 g polQmehgam winevmbdyphemnlic homaler ispntdethm dry powqeryfommnila dleacbinpimtyon

agal nst coranar, x her. pr cts, syc r.ap extract
dsed i n t he BFOUNE A0S KeRl SR EAY, 2R TIPIE 238 CHPOLTHE 2L A GinRBApLYEETIEY
French Par agad nfindald) RtailRad dnder mea%aetxﬁﬂxe@ahibmge Diut (Gambrie HidaRE Plaﬂmnd
their esters were inactive. Exanple

Norwich, UK). One day’s supply (3 meals/day) provides an intake of polyphenols

equivalent to 0.5L red wine/day.

E e 6

0.5g of total polyphenol pool obtained from red wine is added to 250ml plain y'oghurt
containing strawberry flavour and sweetener. The red coloured polyphenol material
enhances the appearance of the yoghurt, and provides a highly palatable foodstuff with
health benefits.

Example 7
The following formmlation is that of a non-alcoholic drink provided as a powder to be
mixed with water. ' .

- Dextrose monohydrate 300g

Citric Acid 32¢g
Tri sodium citrate Sg
Grapefruit flavour 6g
Lemon flavour 1..4g
Orange flavour 1.4g
Aspartame ig

- Total wine polyphenol pool (as example 1) 21g.

53g of the powder is dissolved in 1 litre of water. A serving of 250m! provides 0.75g of
active polyphenols.

Example 8
The following is an alcoholic drink provided as a bottled ready-to-drink mix.



A capsul e was prepared fromthe follow ng ingredients by sinple adm xture

and routine encapsul ation. ng Wne pol yphenol powder 500 Stearic
acid - 25 Magnesi um st earate 50
M crocrystal line cellul ose 25 600ng Two to four capsules are takgﬁn7

daily wth or WO 24178%al s. Exanple 4 A capsul e was prepared
follow ng ingredients by sinple adm xt ureggnd routine encapsul ation. ng

W ne pol yphenol powder 400 [err] td€opherol 150
Folic ameerg&e 50 in diluent) 10 Lecithin 20
Beeswax d tonic water 20 600ny  APMd8/ 11789

PCT/ GB97/ 0253@0{?;& At least three capsul es pggmpay should be taken with
neal s. Exanpl e One gram wi ne pol yphenolic powder is added to dry powder

fornul a di et TFosalpwioe polyphenods/fasiexamplel) Kcal pég day (42g protein, 43g
car bohydrate and 8g fat, RDA of vitam ns

The polyphenol is dissolved in the flat (deaerated) tonic mix and then gassed with carbon
dioxide under pressure to give an aerated drink. Aliquots of 450ml are dxspensed into
bottles, the Vodka added and the bottle sealed with a screw cap.

Example 9

About 2000Kg pomace obtained from white grapes was well stirred in a commercial mixer
- with 2500L distilled water at 30°C for four hours. The mixture was then removed from

the mixer and placed in a tank and allowed to settle for two hours, the supernatant was

then drawn off and filtered to give a clear lii;uid The same procedure was then employed

as in example 1 for absorption of the polyphenols on the resin using similar quanmm of

Diaion HP-20 resin and eluting solvent. '

On concentration of the aqueous ethanol solution to 35% dry matter a red coloured solid
appeared weighing approximateiy 600g. This was soluble in 10% aqueous alcohol and
was then spray dried to give a solid insoluble in water but soluble in aqueous alcohol.

The remaining solution was then spray dried under nitrogen to give 1.4Kg of a red-
coloured material containing about 50% polyphenols. The composition of this was similar

to that obtained in example 1.

This method has the disadvantage that the procedure to obtain the extract before absorption
on the resin is more difficult and time consuming. Although the yield is less, the
availability of grape skins cheaply has commercial advantages.

The powdered drink was reconstituted and administered to 5 volunteers for two weeks
according to the protocol described in example 2. The results in the copper catalysed
LDL oxidation assay were as follows:-

Before 78.8 + 7.2 min



and mnerals) retailed under the trade nane Canbridge D et (Canbridge
Heal th Plan Ltd. Norwi ch. UK). One day's supply (3 neal s/day) provides an
i nt ake of pol yphenols equivalent to 0.5L red wi ne/day. Exanple 6 0.5g of
t.otal pol yphenol pool obtained fromred wine is added to 250m plain
yoghurt con{@jdahpmestrawoerry flavour and sweetener. The repdrcpyasxzd

pol yphenol material enhances the appearance of the yoghurt, and provides a
hi ghly pal atabl e foodstuff with health Bgnefits. Exanple 7 The foll ow ng
formulation is that of a non-alcoholic drink provided as a powler to be

m xed Wi th water. Deﬂf[eggewgnnﬁm%@t@mm 300g Citric Acid

32g Tri sodiumcitrate 5g Grapefruit flavour
6g Lenon flavour Change 14.2 + 4. 8mln4g Orange flavour

1. 4g Aspartane 1g Total w ne pol yphenol pool (as
exanple 1) 21g. 53g (S?v?lﬂg %mer Is dissolved in 1 litre of water. A

serving of 250m provides 0.75g of active pol yphenols. Exanple 8 The

following is an al coholic drink provided.as_.a bhottl -dri ]
WO 98/ 11€7Jgg: is concluded that an extract frgm grape skins (in thxs? case white %%%E%F%%ﬁg] 5):;7

29 could be an effective antioxidant when taken orally for 2 weeks.

Example 10
Plasma LDL (from the cohort of volunteers described in example 2) was separated by

ultracentrifugation and dlalysed against phosphate buffer as described in example 2.
Polyphenol containing substances were analysed for their polyphenol content by the
method of Singleton & Rossi (1965). Plasma LDL (0.05xg LDL in 1.0ml) was incubated
with 100x1 copper sulphate solution (final concentration 5xM) at 37°C and the lag time -,
o det;i“niined by the copper éatalysed diene éssay, as described in examplé 2. The ability
of the polyphenol wntaining substances to prolong the lag time in vitro was determined
by adding 4ug of polyphenol substance to 1ml of LDL prior to the addition of the copper
sulphate The substances tested were as follows

1) Cabernet Sauvignon red wine

2) Vin ordinaire white wine

3) Red wine polyphenols, prepared as described in example 1

4) Sefcal™ anthocyanin, as described in example 2

5) Endotelon™ proanthocyanidins, as described in example 2

6) French Paradox capsula (red wine marc), as described in example 2
7) Polyphenon™ (green tea catechins), as described in example 2

The resuits obtained in vivo by oral consumption of the test substances for 2 weeks are
compared with the in vitro results in Table 7 below. The in vitro results are a mean of
four determinations. The lag time was increased with all substances added at a level of
4ug/ml. The order of the magnitude of effect observed was: polyphenol powder =
anthocyanins > green tea catechins > grape seed proanthocyanidins > red wine > white

wine > red wine marc.



Deaerated tonic water 450nl Vodka
50m Total w ne polyphenols (as exanple 1) 1g The pol yphenol is dissolved
in the flat (deaerated) tonic mx and then gassed with carbon di oxi de under

pressure to give an aerated drink. Aliquots of 450m are di spensed into
bottl es, the%ﬂ?@"@dded and the bottle sealed with a screw’%ﬁﬁ"m
2000Kg ponmace obtai ned fromwhite grapes s well stirred in a commerci al
m xer with 2500L distilled water at 30[ert]C for four hours. The m xture
was then renpved fromthe m xer and placed_in a tank and allowed to settle

for two hour Whepi{be substanges were taken 9maly, apd L separateciand tested cag deseribed dng

clear liquid aﬁﬂﬁe ré’t‘ﬁﬁ i : I ;
absorption o?xt e %gﬁ%%ﬁgﬁg%ﬁ t e’#@%ﬂ%lﬁgﬁgiaﬁfgﬁgﬁgg%i% lé%fl@{e,
Di ai.on HP- 20alt ¢hs ethenpblyphendl egnigimingosubstai@ies ovene mactivet | This cleaxly shawep thatuis

et hanol sol ufi.on % t ed. ¢ red l.id. ed i ghi ng
appr oxi mat el V %@B%&léﬁq g%gthggf &ﬁ)rpee?feét %@/g'gbgﬁg‘geu@&%g’f{gqop%ﬁ 'V\Eé\ée {z%gn
spray dried éfactivitg ofmostiofdhd substhnces & vivo might be kdué tosthéir Rick of abseeptiof ffom

al cohol . The remai ni ng sol ution was fhen ray dried under nitrogen to give
1. 4Kg of a ri8 g(‘:'EJWfoF&IHCﬁ%S%I“}caTPO ‘é?f‘h'-ﬁg'- about 50% pol yphenol s. The
conposition of this was simlar to that obtained in exanple 1. This nethod
has t he di sadvantage that the procedure to obtain the extract before
absorption on the resin is nore difficult and tinme consum ng. Al though the
yield is less, the availability of grape skins cheaply has conmerci al
advant ages. The powdered drink was reconstituted and adm nistered to 5

vol unteers for two weeks according to the protocol described in exanple 2.
The results in the copper catal ysed LDL oxidation assay were as follows: -

. Before . . 78.8 + 7.2 mn . -



WD 98/ 11789 PCT/ GB97/ 02537
30 After 2 wk 93.0 1 9.4 mn Change 14.2 i 4.8 mn (p value 0.003) It
is concluded that an extract fromgrape skins (in this case white grapes),
i-.e. pomace, could be an effective antioxidant when taken orally for 2
weeks. Exanplonsa@rs®y! asma LDL (fromthe cohort of vol unt eer pcrieBena2iszd i n
exanpl e 2) was separated by ultracentrifugation and di al ysed agai nst
phosphat e buffer as described in exanpl 822. Pol yphenol contai ni ng
substances were anal ysed for their polyphenol content by the nethod of

Si ngl et on &Taslesi A édifiparisonl of polyphiShol(cdnbEihingrshbstahtes i vitrdOsid in/eiso,

i ncubated wth 100[err] 1 copper sul phate solution (final concentration
5[err]M aﬂ“&‘t"écgﬂﬁe't'ﬂ%“? ﬁﬁgﬁ me determ ned by the copper catal ysed diene
assay, as described in exanple 2. The ability of the pol yphenol containing
substances to prolong the lag tine in vitro was determ ned by addi ng

4[ err] g of polyphenol substance to farmreof LDL prior to the abloéeti on of the
copper sul pHatsance The subst ances Eested were as follows: 1) Cabernet

Sauvi gnon red wine 2) Vin ordinai T&E Wi ne 3) Red win N’ﬁﬂ’é’nol S,
prepared as describedgafXargal € 1 4) Sef galet er byl N@gYyaNi ), asglescri bed
in exanple 2 5) Endotgi.gn[err] proanthocyani di ng..as described in exanple 2
6) Fr.ench Paradox capsules (red wine marc), as described in exanple 2 7)
Pol yphenon[err] (green tea catechins), as described in exanple 2 The
results obtained in vivo by oral consunption of the test substances for 2
weeks are cowpdred Wikt he i2A vitri@® resutts i n6able P&Hel oW The+in vitro
results are a. nean of four deferm rLations. The |ag tine _was increased with
al | substance®"Mded %3 a | el of 5[ err]g/m . Phe ord@®of the magni t ude

of effect Obgghmed Wasmypol yRBenol Apwder .z, 45 2 @ s
powder*
Red wine 500mg/g 66 255 +4++ 500 -1.5 -3 -
anthocyanins
Grape seed 425mglp 50 190. +++ 750 6.7 <38 -
proanthocyanins
Red wine Marc ~ 210mg/g 18 70 + 156 -1.7 -10 -
Green 22 960mg/g 75 290 +++ 300 6.8 -38
catechins
* in capsules

** Effecis observed:- + small, ++ modenate, ++ -+ large, - none.



ant hocyani ns > green tea catechins > grape seed proanthocyanidins > red
wine > white wine > red wi ne marc. WD 98/ 11759

PCT/ GB97/ 02537 31 When the substances were taken orally and LDL separated
and tested as described in exanmple 2, only red wine and red w ne

pol yphenol s J¥@&/H7k ol ongat i on of the lag tine, all the ot HRGT/GRIPNRE O
cont ai ni ng substances were inactive. Thi s%;:l early shows that it is

i npossible to predict the in vivo effect a substance fromin vitro
results. The_ ] ack, o oi activity of nost of the substances in vivo m ght be
due to theirErBRIeH Jhsorption fromthe gut, or failure to be incorporated

into LDL. T /o¥ MeBsbove mentioned volunteers from example % were divided into roups (A

PCT/ GB97/ 02537 Table 6 A conparison of poly hen cont al ni ng nces
invitro andanqu)/O%9 subjegts and wereegiven fondwa - Subst ance

In vivo In vivo Increase in lag tine

Increase in lag tine Pol yphenol mn % ef fecy**

Pol yphenol s A) mArblackcurrantflavoured dnnkf(BB&ﬂt) cotm‘ﬂgt 1g total red wme polyphenols and

i nt ake/ day Red & ﬁ ‘% Lb

675 y"é a commezgjally availa IQPQWWKF‘B!% Giteic acid, 500625%‘3‘6 aspartame,
gg séynthenc flavour; Uambndge Manufactuﬁné <o L, éorﬁ’f" UKB‘%‘QJhlch water ml 9
powder * added xmmedxately pnor to consumpuon, or

B) Capsules containing red wine polyphenol powder as prepared above in a dose of 2g
red wine polyphenols/day.

The products were divided equally and taken after lunch and dinner.

Plasma samples were obtamed and spun in an ultracentrifuge to obtain LDL as described
in Example 2. S

Three methods of treating the LDL before oxidation were employed as below.-

a) Final dialysis without EDTA.

LDL was dialysed with 10 mM phosphate buffer saline containing 2 uM EDTA for one
hour using a dialysis cassette (Pierce Slide-A-Lyzer Perstorp Biotec Company, USA) at-
4°C for one hour, then with 10mM phosphate buffer saline overnight. '

b) Continuous dialysis with EDTA
LDL was removed and dialysed at 4°C as above except that dialysis throughout was with
10uM EDTA in 10mM phosphate buffered saline.

c) Column treatment

LDL was passed through an EcNo-pac 10DG desalting column (Bio-Rad Labs, UK). The
column was washed twice with treated 10mM PBS [chelex-100 resin (Bio-Rad, UK), 5g/L
PBS mixed and decanted]. 600uL LDL was then loaded on the column and eluted with



Red wi ne 500ny/ g 66 255 +++ 500

-1.5 -8 ant hocyani ns G ape seed 425my/ g - 50 190
+++ 750 -6.7 - 38 proant hocyains Red wi ne Marc

210mg/ g 18 70 + 156 -1.7

-10 Green tgppesnirsey 960ny/ g 75 290 PCT/GBY7/02537 300
-6.8 -38 catechins * in capsules * Effects observed:- + small, ++
nmoderat, + + larg, - none. WO 9/ 11788

PCT/ GB97/ 02537 33 Exanple 11 Twenty of the above mentioned volunteers from
exanpl e 2 Wghe pPHSVinGRY dt'd fo@ 2iePSf 04 MthiRlusiig 4ir okl IPEt Peﬁéﬁitié’"ﬁﬁﬁﬁgl ven

for two weeks:- A) A blackcurrant flavoured drink (330m ) containing lg
total red wlsmatee| YestomSurerMerenldd with a comercial ly avail abl e powder
(sugar, citric acid, sodiumcitrate aspartane, synthetic flavour; Canbridge
Manuf acturing Co Ltd. Corby, UK) to which water was added i nmedi ately prior
t 0 consunpt Copperocatadbyse@pesaNidation omdsathen rpgrioemiedvand: theo lagptime gheasurediaas ias
prepared above in.a ., ose qof 2g.red .w | yphenol s/ day. The products were
di vi ded equEfamPIe Ay H&Wqﬁﬁ‘gmweﬁnag}?gﬂdi nner. Plasna sanpl es were
obtained and spun in an ultracentrifuge to obtain LDL as described in

Example 2. Three nethods of treating the LDL before oxidation were enployed
as bel ow. aRed wine nelyphgnol corsumptipn eifhier asasirink (1g/day) or capsules (2g/day) produced

an increase in lag time (when EDTA was omitted from the final dialysate) of 30% and
21% respectively and also by the column method of 12% and 22% respectively. The
addition of EDTA to the dialysate abolished the effect with 1g/day red wine polyphenols
and gave only a small increase in lag time of 7% with 2g/day. '



LDL was di alysed with 10 mM phosphate buffer saline containing 2 [err]M

EDTA for one hour using a dialysis cassette (Pierce Slide-A-Lyzer

Bi ot ec Conpany, USA) at 4[err]C for one hour,

buffer saline overnight. b)

removed and owab$ty® at 4[err] C as above except that dialysi
was with 10[err] M EDTA in 10mM phosphat e
treatment LDL was passed t hrough an EcNo-
Labs, UK). The colum was washed twice with treated 10nM PBS [ chel ex- 100
resin (Bi o- RAtybleR) Lag gimesfmin) incopper-entakysed pergxidation pting different mgthod
| oaded on th; cgl %EE& eluted with WO 98/ 11739
PCT/ GB97/ 02539" §%° g’buffer at a flowrate of 0.6 m/mn using an
| smatec I PC Peristaltic punp (Ismatec,
cat dl ysed peroxidation was then perforned and the lag tine neasured as in

West on Super

Mare, UK). Copper

exanple 2. The results are shown in Table 7. Red w ne pol yphenol

consunpt i on &y

ait 2 driNe ( 1Dipse
increase in lag tine (when EDTA was omitted fromthe final
30% and 21% respectively and al so by the colum nethod of 12% and 22%
respectively. The addition of ED§Aw

or caps i

with 1g/day red w ne pol yphenol s e{nggtgave only a small

of 7% w th 2g/day.
PCT/ GB97/ 025_3%ine Polyphenols
~ Drink (lg/day) 6

Baseline
After 2 weeks
Difference of means
P-value
Capsules (2g/day) 6
Baseline
After 2 weeks
Difference of means

P-value

WD 98/ 11789

60.0 + 5.3
77.7 + 8.4
17.7 £ 3.1
0.02

62.7 £ 2.5
75.8 + 2.8
13.2 +£ 0.3
0.004

64.3 + 3.8
64.5 + 3.9
03+01
0.9

67.7 +£3.6
72.2 + 3.1
4.5 + 0.5
0.02

alysis 20/ dNg)Diglysiduced an
di al ysate) of

EB§Adi al WRh EDAR0! Cofgsh t he ef fect

increase in lag tine

542 + 4.6
60.6 + 4.7
64 + 0.1
0.005

54.0 +22
65.8 + 2.2
11.8 + 0.1
0.003

Perstorp
then with 10rM phosphate
Conti nuous dialysis with EDTA LDL
o
ffered saline. c)
c 10DG desalting colum (Bio-Rad



35 Table 7 Lag tinmes (mn) in copper-catal ysed peroxidation using different

nmet hods for desalting LDL Suppl enent No D al ysi s D al ysi s
No Diral ysis Wthout EDTA Wth EDTA Colum W ne Pol yphenol s Drink

(1g/ day) 6 Basel i ne 60.0 + 5.3 64.3 + 3.8 54.2 +
4.6 After 2utilifrme 77.7 + 8.4 64.5 + 3.9 60pEr/GBINOZ537

D fference of neans 17.7 + 3.1 0.3 +0.1 6.4 + 0.1 P-value

0. 02 0.9 0. 005 CapsuBgs (2g/day) 6 Baseline

6§.Z+2.5 67.7 + 3.6 54.0 + 2.2 After 2 weeks 75.8 + 2.8
72.2 + 3.1 : . odyidat | n i : .5
158+ o1 b, fuothef bjdd 'orolRN ificiion B povide & detfve Jpolyphenol pltphiator- 5

06/ 11789 (conveniently derived from grapes, wine or wine by-products) fpr-thectestmenseff 36

It is another obj i ' ' ' I

br epar at o TRaRY, A feebe S dRE Qlop s b WA, sHBofiChintfe R pHONERRY
for the treathanitherosclerosisaesteritsis] strakeaed neoplasiasaif s baivel and eenss srrinat ed
wi th snooth_muscle_cell proliferation such as atherosclerosis, restenosis,
stroke and WB{S‘I‘ES‘?"JQ‘”& t he bowel and uterus, uterine fibroid or fibronma.

The inventors have surprisingly found that it is possible to prepare a

pol yphenol conposition (e.g. fromred wi ne) whicch when given orally to a
hunan subj eEhe \ipveptors have surprisingly found that it is possible to prepare a polyphenol

composition (e.g. from red wine) which when given orally to a human subject will
stimulate the ptoduction of total and active TGF-8-1.

It has been demonstrated that when fed wine or a preparation of polyphenols obtained :
from red wine provided as a powder or a drink are administered orally to man there is an

~ increase in plasma total and ac;ive TGEF-8-1. White wine which contains little polyphenols
is inactive. | | '

" The dosage of polyphenol preparation is dependent on the degree of activity of the =

" material but will be between 10mg and 10g per day. For the total polyphenolic pool - -
obtained from wine the preferred dose is 0.1 - 4glday and more preferably 1 - 2g/day
equivalent to 0.5 to 1 litre of red wine per day. '

Example 12
Red wine, white wine and a preparation of polyphenols obtained from red wine (as

described previously in example 1) in the form of a powder or drink given by oral
administration to human subjects, have been studied for their effects on plasma TGF-8.

Healthy volunteers (30 men aged 35 to 65 years) were asked to discontimue wine -
consumption for two weeks. They were given either 375ml of red wine or white wine or
1g total pool of red wine polyphenols (prepared from the same Cabernet Sauvignon wine
as above) either as capsules or as a flavoured drink in 330mi water. Each supplementation
was consumed twice daily after meals for a period of two weeks.

Blood samples were drawn into Ky EDTA (1mmol/L) after treatment and centrifuged to



stinmulate the production of total and active TG--[err]-1. It has been
denonstrated that when red wine or a preparation of polyphenols obtained
fromred wine provided as a powder or a drink are adm nistered orally to
man there is an increase in plasma total and active TG--[err]-1. Wi W ne
whi ch cont ai TEOP¥HM% ol yphenols is inactive. The dosage o WF@% I
preparation is dependent on the degree of .Fctivity of the material but wll
be between 10ng and | 0g per day. For t he %ot al pol yphenol i ¢ pool obtained
fromw ne the preferred dose i s day. and nore preferably 1 ﬁﬁyo?/day

Lo val oe 1 gbiBinghg plagms, Whigh yas faisd i 710 © o¥ion Hy anaBiei Joisl pASRA Holp

white w ne aggreniagitéd dy! BB rﬁémdpbygﬁk%!\ﬁbﬁ aﬂbtl%sgie@l%ipm'!‘dﬁi TGRB-1 afas
descri bed previ OUS|XbI n éxanple 1) int formof a powder or dri nk gl ven

by oral adni detsrmined by imsuRoassay @mq s different polyelonal antibodies (methods di

effects on p T rr]. Healthy volunteers (30 nmen aged 35 to 65
years) were ggséﬁgqu:%&’gconti nue w ne consunption for two weeks. They were

given either 375m of red wine or white wine or 1g total pool of red w ne
pol yphenol s r red fromthe same Cabernet Sauvi gnon wi ne as above)
either as ca Yor as a flavoured drink in 330nl water. Each

suppl ement at irefal (fla&nf qnid!ﬁ‘gﬁTGFB?ﬁaﬁﬂiekﬁérélf ByER (%\Eﬂixlﬁné O huhaR TGHA ifhimuinéO
re dr

weeks. Bl ood sanples we awn into Klerr] EDT ré mol /L) after treatmnment
and centri f uawsay ki suppligd msRE&Dy gystems (A mgdon, Oxford, UK). ThlS assay employs the

zg{ S/flgzl 025@%@@2@8’5&}%‘#&%0 S vvere asur e %@ﬁﬁgﬁé%gﬁ%@ﬁb¥&§l ngl (rat E)g

and Rossi ( 1gd5whichdiasbeci(Prefaatad]onla micsotiteet platei rﬁialndaydsmmduampksaxy: plpcmg t wo
d' fer ent pOhXS lti?engvlellsa th: 21%9 IT%%’A I}rgs%gtslslbo%n ’bydt%escrl bgqlzgf lre%\év tor. After
“washing away any unbound substances an enzyme Iinked polyclonal antibody specific.for
. TGF;B-I is added to the wells to sandwich the TGF-8-1 immobilized .during the first
' incubation. Following a wash to remove unbound antibody enzyme reagent a substrate
solution is added to the wells which produces a colour with the enzyme. The intensity of
. the colour developed is proportional to the TGF-3-1 present. :

| Befoie carrying out the a'ssay, late_x.xt' TGF-B. is converted into the active form by adding
acetic acid and urea, incubating for 10 minutes and then neutralising with sodium
hydroxide/HEPES solution. The method estimates (latent + active) TGF-8-1. Activation
of latent TGF-8 was performed as follows: to 0.1ml of plasma, 0.1ml of 2.5N acetic
acid/10M urea was added, mixed well and incubated for 10 minutes at room temperature.
To this solution 0.1ml of 2.7N NaOH/1M HEPES was added to neutralise the sample, and
mixed well. Prior to assay the activated plasma.t sample was diluted 10-fold with calibrator
diluent serum RD6M supplied by the kit manufacturer.

The assay procedure was as follows: 200ul of sample or standard was added to each well
of the microtitre plate. The plate was then covered with an adhesive strip of plastics
material and incubated for 3 hours at room temperature. Each well was then aspirated and
washed three times with 400u! of washing buffer. 200pul of TGF-81 conjugate was then
added to each well and the plate again covered with a fresh adhesive strip and incubated
at room temperature for 110 minutes. Wells were then aspirated and washed three times



Method 1 Total (latent + active) TGF-[err] was neasured by a Quanti ki ne
[err] human TG-[err] imuno assay kit supplied by R& systens (Abi ngdon,
xford, UK). This assay enploys the quantitative sandw ch i munoassay
technique. TG--[err] soluble receptor type Il binds TG [err]-1 which has
been preco fngg Mcrotitre plate. Standards and sanpl eBCEGBYHRIN t ed
into the wells and any TGF-[err]-1 present is bound by the imobilized
receptor. After washing away any unbound&ubstances an enzyme |inked

pol ycl onal anti body specific for TG-[err]-1 is added to the wells to
sandwi ch t haith @B0glesfrwashing ibaffer. | 200z ofisubstrage s¢lution was added tothe iwelis ambtheowi ng

a wash to renpve unbqund_ant{i body enzyne reage te, soluti IS

added to thelamwmﬁi‘%w@m&e@i '%?"&Elﬁ'%{a%%?t ﬁbﬁ@@ﬁ%@ ”‘f‘?ﬁ nw#e gﬁ&i ty

of the col Owdeﬁ%%mp@eh hid e QpRESlideRdly théashle@ af @h0rner r] - 1 present. Before
tt

carrying ou e assay, latent TG-[err] is converted into the active form
by adding acetic acid and urea, incubating for 10 m nutes and then

neutral i si ng,{%‘guzsodi um hydr oxi de/ HEPES sol uti on. The net hod esti nmates
(latent + a § TG--[err]-1. Activation of latent TG--[err] was perforned
as fol | ows: Essenfallylthe samie methodwvas @mployed af atRves skezpthalcTGESdwasonat aetivateda s

added, m xe |1 .and incubate r 10 m nut te I . re. this
ol ] on 0. beifre cpBonat BRFHAPY Breaveiudl T ot R4S B Ay shnolfy "
and m xed WeR&D &siefis, (Abimfsay Okl AUK) Walsasted lifstead. STHIP ntethwiSestiiniates catl
10-fold wth cali'brator diluent serum RD6M supplied by the kit

nmanuf act ur epectiveHerm of ISHBdeedure was as fol l ows: 200[err]l of sanple or
standard was added to each well of the mcrotitre plate. The plate was then
covered with an adhesive strip of plastics material and incubated for 3 )
hours at roPmefemblye consumptioiEat & compositipnsintageqrdancp Wity the invemionwilbprogugece

times with 400[err]| i buffer. 200 s jugat e
"~ was then ad&EMQEW{EXﬂg “ﬂ%’g sgf’%‘ftgbgaig[gééﬁ %8@%’?@% J\'i[d?ﬁ& g} P;rf esh 9‘.

adhesi ve st ok at Rast 0.5pMAbhejidpéd bpMatodher ature for 110 m nutes. Wlls
wer e then"aspi rgt ed and washed three tines _ .

Results

As shown in Table 8, plasma polyphenbls were increased in red wine but not with white
wine, and with the polyphenol capsules and drink. An increase in TGF-§-1 was observed -
by both methods in red wine, and with the polyphenol capsules and drink but not white -
wine. This indicates that red wine polyphenols increase both the total amount (fatent +
active) TGF-8-1 and of an active form of TGF--1. It is concluded that wine polyphenols -
increase total TGF-8-1 and have the potential to inhibit VSMC proliferation.
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38 with 400[e

rr]l

of washi ng buffer.

200[ err]|

PCT/ GB97/ 02537

of substrate

added’to the wells and the plate incubated for 20 m nutes at

t enper at ur e.

50[err]|

of 2N H err] SO err]
wel | and the WR9M8d78density neasured at 450nm Method 2 EssBRTCEPT

sol uti on was
room

sol ution was then added to each

R¥5¥he

sane net hod was enpl oyed as above except that TG--[err] was not activated
before estinmati on and i nstead of the pol yéponal anti body for TG--[err]-1 a

BDA- 19 anti body (R&D systens, Abi ngdon,

Oxford, UK) was used instead. This

met hod est i neTabe 8n Bffect\ad wioe and red wing polyphenols-on: plasuigl polyphencla apditotal of

a conpositio

TG--[err]1 | relggp‘éﬁlﬁﬁp{‘ﬂlgagu

1, or at |eas
pl asma pol yph
with the poly

t 0.5ng/ m

fie e b YRR}

i on

enolswer e i-necreas A-t-ed—w-hke-h
Supplemendpsul es arjdNodrjiPekyphepols ncr

wi |

ease i n Tetal[

dGHB1 was

produce an increase of
t 1.5ng/mM as judged by Method
as judged by Method 2. Results As shown in Table 8,

S

b €

observed by Hoth nmethods in re i i
dri nk but pot] whi te wine. Thi s i ncileat st hat Hed et BOPU0L cro/aHHEE 27
both the totgl anmount (Latent 4 actimglg prélein erfr]-1 and of ag/malctive form
of TGF-[err]-- Tt TS conclude 4t W ne pol yghenols 1 ncreape total
TG-[err] -1 gré—have—the—potenti-attto—trhrbrt- ' Ot
98/ 11789 Red wine PCT/CGROV/ (RER7Z 39
Tabl e 8 Eff edqt oBasdline and red|w n¢ d6l2/ghbB8d 4 &6 pt ds3m pol §.phendds and
total TG-[err] el Wousbit T erent _Qﬂj ®01 asq4ag.soypphenent{gs 4+ 0.5 NO
Pollyphenol s i trerence of meams "33+ 0.96 | 8.9+ 1.8 1.5 + 0.
| P-value 0.002 0.01 0.01 -
White wine 8 -
Baseline 18.9 + 1.67 9.7 + 2.5 5.6 +0.6
After 2 weeks 20.2 + 0.91 119 + 34 53 4+ 0.6
Difference of means 1.33 + 0.76 2.2 + 0.9 03 +0.1
P-value 0.5 0.5 0.8
- Polypheno) capsules 8 | = : - : Lo
Baseline 21.0 + 0.96 9.0 + 2.3 6.0 + 0.7
. After 2 weeks 26.9 + 1.76 19.8 + 3.9 85 +09-
Difference of means 5.8 + 0.80 {108 £ 1.6 25 £0.2
P-value 0.02 0.01 . 0.01
Polyphenol drink 6
Baseline 21.6 + 0.35 92 + 1.1 3.0 1.5
After 2 weeks 23.6 + 0.40 156 + 24 9.9 + 1.1 -
Difference of means 2.05 + 0.05 6.4 + 1.3 49 + 04
P-value 0.03 0.03 0.03

Mean + sem



Met hod 1 Met hod 2 ng/g protein ng/ M Red w ne

8 Basel i ne 16.2 1.87 6.6 1.3 5.0 0.4 After 2 weeks
22.6 1 0.91 15.5 3.1 6.5 + 0.5 Difference of neans 6.33 0.96
8.9 1.8 1.5 0.1 P-val ue _ 0. 002 0.01

0. 01 Wiite wWosi17s9 8 Basel i ne 18.9 1lpéticronddsy? 2.5
5.6 0.6 After 2 weeks 20. 2+0. 91 11.9 3.4 5.3+0.6

D fference of means 1.33 + 0.76 246 0.9 0.3 +0.1. P-val ue
0.5 0. 8 Pol yphenol capsul es 8 Basel i ne

21.0 + 0.9 inv vé_additiofally folind i I/
19.8 3.9 The n@nt@rs Ha Dl(%fte?lgngeogf r;sg';p&ngng& uﬁ?lﬁﬁ * (5)0SSlble2t§0ﬂ'§pée1§6
25 + 0.2 moly;phgpl composmon (e.g. from redwvige) which when gvgetgqrally to a human subjegty
Pol yphenol 0 9.2 1.1

5.0 1.5 Af”ﬂgr'mﬁb" W‘Qe%ﬂg"ﬂ%%‘ stigujae ﬁb"@yg 9.9 1.1

Di fference of neans 2.03 0.03 16.4 1.3 4 9 0.4 P-val ue

0.03 WO 98/ 1

PCT/ GB97/ 0213 yyrotg:gr?ﬁr it has been dem%nstrated t%gt %ﬁen a preparation og' pggrphenols obtained
from red wine is adminis;ered orally to man there is a decrease in platelet aggregation
when arachidonic acid. ADP, collagen, or thrombin are used as agonists. Furthermore
consumption of the polyphenol preparation increases tPA activity in the plasma of the
subject. | |

The dosage of polyphenol preparation is dependent on the degree of activity of the
material but will be between 10mg and 10g per day. Where the composition comprises
the total phenolic pool obtained from red wine the preferred dose in 0.1 to 4.0g per day
" and more preferably 1 to 2g, which is equivalent to 0.5 to 1.0 litre of red wine per day.

'Ei:'ainplé 13

o A red wine polyphenol composmon was prepared as described prevzously (Example 1
above).

The diet of twelve healthy men aged 35 to 65 was supplemented with 2g red wine
polyphenols (as described in example 2) or aspirin (75mg) daily for two weeks. Fasting
citrated blood was collected as a baseline and at four hours and two weeks after
commencement of the trial, as follows: blood was obtained from the antecubital vein, with
the subject in the recumbent position, using minimal stasis, into a syringe containing
0.11M citrate (1:9 v/v to blood). Platelet-rich plasma (PRP) was prepared by
centrifugation of blood at 250g for 10 mimutes. Most of the PRP was removed and the
platelet-poor plasma (PPP) was then prepared by centrifuging the residual blood at 2,500g
for 15 minutes. The conceniration of platelets in the PRP was determined in a cell
counter (Minos STX, ABX Lid, Montpellier, France). Samples with a platelet count
outside the range 150,000 to 350,000 per ul were rejected. The PRP was allowed to rest
for at least 30 minutes before commencement of the aggregation studies. The time
between blood collection and platelet aggregation was never more than three hours.



The inventors have additionally found surprisingly that it is possible to
prepare a pol yphenol conposition (e.g. fromred w ne) which when given
oralty to a human subject will inhibit platelet aggregation and stinulate
fibrinolysis. In particular it has been denonstrated that when a
preparation oWQR¥Menol s obtained fromred wine is adnmni sSPEVERWRERTy 1o
man there is a decrease in platelet aggreg?tlon when arachi donic acid. ADP,
col l agen, or thronbin are used as agoni st Furt hernore consunption of the
pol yphenol preparation increases tPA activity in the plasma of the_subject.

The dosage ofPlpfgleypmtwprweé@mdm &@p&mlvremredrmatelegr@@gcﬁ PARHG/i ty

of the materi b r
conposi tion C?kg’?, Sés wB‘EtatgfﬁfE%g%%r I C ﬁ F&‘Q%Pal hggjf rom ewlﬁoef%
preferred doswasiaddé tb a silicbnisgd pwcttdapd mqubanank a ﬁ?@ﬁwhmigutds tkgﬁgganmhwaah is
equi val ent to.g 0 |treﬁﬁ! Ela i ne. . anmpl e Ared

ol yphenol ‘i’#’ W‘é 8 ﬂ?%&%{){a @8%\ é&g t &
gbozg) The di53 gﬂil t1V&Unvet/ 1D ADE; haollagen RUENkgAR] bﬂa&;&m Mm%w th .

2g red w ne poI henol s (as described jn_exanple 231 or asp| rin (75ny) daily
for two weekd-1 ﬂ'r ﬁgtamirfméilm(?&olsaé)%w@&@ ax¢ figakcopeentradons in the

four hours a g&g&m ?ﬁ“rr{ OO% ood
was obt ai ned%gkﬁ?ﬁpﬁg’ﬁ?{% vel n, %’p&ﬁé cj“é%’! “{1? ?‘ggsjfo ?nt
posi tion, usimiutes. nchimmnaggmgaumt(pereemmen@seMwas deta@m:dlwithindﬁs timee
“(1:9 v/v to oqd Pl at el et

((:ent rifugati gh‘ )“&Wc?aa ‘%?5‘2‘585“%@?&5@?15&&@ W"[ﬁhﬁ'ﬁ?ﬁgq ?Namg'cfl%%ved
and the pl at dn&hnmgn‘egabmo(ﬁ%ﬂ)enm tiveg samiphes drawh before and ﬁﬁei-uglstlgpni&le
resi dual bl od% 500 O§te nut, S. The concepjrat. on of | atelets in

the PRP was cq Whhesessgd oy pgired the Ht5¥bnt pel | i er,
France). Sanpl es vmth a pI atel et count outS| de the range 150, 000 to 350, 000
ted. The PRP was allowed to rest for at |east 30

per [err]1l were rejec
P Ut o6 bet orEhec o evibe, Balyphonol, hewers qinbiistd oplatiel AEEEEEAtioR cithern SHUNCER,
blood cold ectiypiidiiy &' bihh ABE §I71ed cifdchs AR/ SmillP6 bhl' Salich fifn n.ager s

observed with aspirin (75mg per day), except for thrombin. In particular, the effect of

the polyphenols on arachidonate-induced aggregation suggests an inhibition of platelet -

cyclo-oxygenase activity These results suggested that the red wine polyphenols have
" aspirin-like-effects, although there is an additional inhibitory effect on thrombin-induced -

aggregation.
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41 Pl atel et aggregation was determ ned on the freshly prepared platelets
usi ng' a PAP-4C aggregoneter (BioData, Al pha Laboratories, Southanpton, UK).
A 200[err]l sanple of PRP was added to a siliconised cuvette and incubated
at 37C for 3yfopmiTes. Aggregati on was induced by the additiroy/cEe7@tBerr]|
of the agonist (one of the follow ng: arachidonic acid at 455[err]g/m;
1.8[err]nol/L ADP; collagen at 43[err]g/43 obtained from BioData; thronbin
at 0.11U/ m, obtained from Sigma, Poole, Dorset, UK, all are final
concentrati Tableih t he aggregation mixture). The platel et suspensi on was

stirred at 090 7 reqgatd o ercent. from
basel i ne) %@W&%‘g %%Hé?%g%ﬁ%@@ﬁ% n‘iiogre of the
aggr egat or y agpiriar()a| Mean (SEM)| atel ets, a decrease indi catl ng an
anti-aggregatory response when conparing sanples drawn before and after
consunption of the test material. Statistical significance was assessed by
paired the t-test. The red wi ne pol yphenol powder inhibited platelet
aggregation either acutely or chroni caIIy as shown in Table 9. These
effects are siFmlar to but smaller A%E‘Bﬁ [¥¢g with aspirin (75ng
per day), except for thronbin. In partl cu ar, e ct of the pol yphenols
on arachi donat e- i nduced re@gine galjphadlsgigoest s an i nhi bisgpiidgnpf pl at el et :
cycl o- oxygenase activity. These results suggested that the red w ne

pol yphenol s HAgonist asplﬂﬂ#ehpel i ehowss f ectZweeks| t hoBagtling herdchonss an akiwéeks onal

) ) oS RS A B AR R o
acid (455 )
pg/ml)

ADP (1.8  424(3.4) 37.6(3.3)  38.729)  39.24.2) 31.5(3.7) 31.32.6)*
Collagen 54288 S92B0) . 47302% ETSG.0)  24.6(5.00%%  21.8@.Tyw
-.(ﬁ_ﬂs/ml-) . S _ "
Thrombin  22.0(1.7) 17.4(1L8)** 16.2(2.2)* = 15.52.8) 13.94.5) 12.22.0) -
(.11 : '

U/mL)

*P<0.05; **P<0.01 »*P<0.001 {difference from baseline)
Tsubjects *2g/day ¥75mg/day



Tabl e 9 Maxi mum pl atel et aggregation in volunteers given red w ne

pol yphenol s or aspirin (% . Mean (SEM Maxi mum Pl atel et Aggregation (% Red
wi ne:pol yphenol s[err] (12)t Aspirin[ferr] (7)t Agoni st
Baseline 4 hours 2 weeks Basel i ne 4 hours 2 weeks
Arachidonic WDesqmsd) 78.7(0.8)*  79.0(0.8)** 69.2(10. 1)PCTIGBRPIYT 7)
12.6(1.9)** acid (455 [err]g/m) ADP (1.8 _. 42.4(3.4) 37.6(3.3)

38.7(2.9) 39.2(4.2) 31.5(3.7) 31. 3(4? 6) * [err]m)I/L) Col | agen
54.2(8.8) 59.2(8.0) 47.3(9.2)** 67.5(5 lr) 5.0)*** 21.8(4.7)**
(43 [ err] g/ nThe vameial was used @(quspgatﬂevsmo e%}AM arﬂs actvity in the; suljertss)
13.9(4.5) ol oy hfbeht! ce.
from basel i ng&ﬁlﬁ ] g(‘ﬁ%#@é‘%%?né&ﬁ err 75rrg?%"o§“b"ect Eﬁ@egb 1789 60@ f
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a syringe copt@| iﬂdrﬁoﬁn%/l-m@mm ,3 (Stabilyte[err], - 1:9 v/v to
bl ood). Plasma was prepared by centriftugation of blood at 2,500g for 15

m nutes at 4C, and frozen at -70C i rmedi ately.
All three samples (baseline, 4 hours and 2 weeks) from a subject were quickly thawed at

37°C on the day of assay. tPA activities were determined using a commercially available
kit (Chromolize™, from Biopool, Umea, Sweden) which is a bio-functional
immunosorbent assay. Sample or standard (100gl) was added to each well. The
microtitre plate was incubated in a plate shaker for 20 minutes, after which time the
contents of the wells were discarded, and the wells washed 4 times. Next, 50ul of
substrate solution was added to each well, followed by S0ul of plasminogen reagent, -and
the plate incubated for a further 90 minutes. Finally, 50u] of 1.7M glacial ‘aceti¢ acid
solution was added to each well and mixed for 15 seconds. Absorbances were measured
at 405nm, and the activity of tPA in the sample read from a linear calibration curve.  The
significarice of the differences between baseline, 4 hour and 2 week values for each
treatment was assessed by a two-tailed paired t-test. The results are shown in Table 10.

The enzyme tPA constitutes an important protein in the fibrinolytic pathway, and its
activity is thought to play a major role in the fibrinolytic system. The physiological role
of tPA is to activate plasminogen to plasmin, which degrades fibrin to soluble fibrin-
degradation products. In the assay of tPA, the specific inhibitor PAJ-1 is usually present
in a large excess and must be prevented from quenching tPA activity. This is provided
for by use of Stabilyte™ blood collection tubes, which provide mild acidification of the

sample.

Because PAI-1 values are known to be subject to diurnal variation, an additional trial was
carried out in which the same subjects were studied using water as a placebo, instead of
red wine polyphenols. The resuits are shown in Table 11.



Al'l three sanples (baseline, 4 hours and 2 weeks) froma subject were

qui ckly thawed at 37[err]C on the day of assay. tPA activities were
determ ned using a comercially available kit (Chronolize[err], from

Bi opool, Unea, Sweden) which is a bio-functional inmunosorbent assay.
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contents of the wells were discarded, a#l the wells washed 4 tines. Next,
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PAI -1 and tPA after supplenmentation with red w ne pol yphenols (2g/day).

Mean + SEM N Basel i ne 4 hours 2 weeks PAlI-1 antigen
(ng/m) 6 18.8 + 3.6 8.6 + 1.0* 17.0 + 3.4 tPA activity
(tum) 10 0.62 + 0.16 1.61 + 0.30** 0.71 + 0.20 * P<Q. **p
<0. 01 (diffewQs¥1¥Hm basel i ne) WO 98/ 11789 PCIIG 7
PCT/ (B97/ 02537 45 Tabl e 11 Conpari son of 4§g red wi ne pol yphenols with water
after 4 hrs. PAI-I Antigen (ng/m) (n=11)""Dose Wat er
Red wi ne poli(phenol s (2g) Tinme O hour 4 hour O hour
4 hour Mean Tablelly; g 10. 6 20. 3 9.5 SD
12.7 i ine- withlwafeMafter 4 hrs. 3. 8 1.3
2.7 Coparisan of 2g red wird pbiyphengls whtl 0. 0007
tPA activity (11U m)(n=9) Dose Wat er Red wi ne
pol yphenol s Ti JDour 4 hour 0 hour 4 hour
Mean o‘.‘%g‘i"“‘@“ (Eglﬂ'ﬂ)l&"fﬂ 0. 566 1.511 SD 0. 693
0. 605 0.492 0. 934 SEM 0.231 0. 202
8' 3?36 Bbs::)zll P value Water 0. 1988 4 wine polyphenols (2g)
' Time 0 hour 4 hour 0 hour 4 hour

Mean 21.9 10.6 20.3 9.5

SD 12.7 4.2 9.0 3.1

SEM 3.8 1.3 2.7 0.9

P value 0.0061 0.0007

tPA activity (IU/ml)(n=9)

Dose Water : Red wine polyphenols (2g)
Time 0 hour 4 hour 0 hour 4 hour
Mean 0.821 1.221 0.566 1.511

SD 0.693 0.605 0.492 0.934

SEM 0.231° 0.202 0.164 0.311

P value 0.1968 0.0136



WD 98/ 11789 PCT/ GB97/ 02537
46 Red w ne pol yphenol s (2g/day) produced a significant decrease in PAl-1
after 4hours which was associated with a significant increase in tPA

activity (table 10). No changes were seen after an overnight fast after 2

weeks' treakypeayggonever, as shown in table 11, after 4 hegreefbasiz
antigen concentration is decreased after adm nistration of water,

indicating that the effects on PAI-1 ant4degen concentrati on observed
fol |l owi ng pol yphenol powder consunption were sinply due to diurnal

variation. mmesﬁélﬁ?ﬁeﬁ&sQﬁgﬁ@i)eﬁrodh&d@%igﬁifﬂﬂhfde@%é ih PALY OF&e dhbifts
activity however, whilst red w ne_ pol yphenol powder gave a 2.7 fold
i ncrease i iwhicinwas asspeiated with p sigaificant igegaseriatP A agtivifh@able 1Qh hNeshanges oduce

a benefi ci ffected ?Héfﬁ ' | DL s 'a”gy ' S| Lvity,
but have ng‘bee‘ﬁfs%%kééﬁ%ﬁvk n?%%g%é%gwgg% ?’&}%I on.’ *@%egrb%&‘éﬁﬁﬁ%gﬁlé
formati on ofl, pfftasdihoufsrRAR- b hatigen mogentratich j3ldecreased afiervaiministritéon ¢ft veatér, f or m
of TG~[err] into its. active f which then inhibits t rowt h. o

Vascul ar s iogiite b e BHE on Hal e b uign dbserse, IO RE pbty Pheaot

at her oscl ergywder Rbmstipfion Redd Sifnph) Juec@iHHRE vRiation. AdeRBRLion! cTrwidtér did
accordance With the invention wll cause at |east a 2% reduction in nmaxi num

pl at el et ag'@ﬂ_té@%ﬁ%ﬁﬂl( H‘S“'G&@M‘Wé'ﬁy thoweyes, Whilst sed H@@@FMD@W@f 8aVe/ or
mot hod dogct P Beie'n' ARy, FE8 sobiddi b red e RTHERGIS frolicd R
PCT/ GB97/ 0 2epEficial éRfeceincstinadatingfibirinolysis ydncregsigoFA actigity,| buBihave nd effect
1712-1733 on PAI-1 antigen concentration. tPA promotes the formation of plasmin from plasminogen
and plasmin converts the latent form of TGF-# into its active form which then inhibits the
growth of vascular smooth muscle cells (VSMC) which contribute to the growth of

atherosclerotic plaques.

Preferably consumption of a composition: in accordance with the invention will cause at
least 2 2% reduction in maximum platelet aggregation (as determined by :the method
described above) and/or an increase in tPA activity of at least 0.75IU/ml (as determined
by the method described above).
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2. A conposition according to claim1, wherein the flavonol content is at
least 0. 1% (ww. 3. A conposition according to claim1 or 2. wherein the
flavonol content is at least 1% (wWw. 4. A conposition according to any
one of clainms 1, 2 or 3, wherein the flavonol content conprises at Ieast
0.5% of the tWOE8AEEANt - derived pol yphenol content of the coRGHGE70R
A conposition according to any one of the §)reced| ng clains. wherein the
flavonol content conprises at | east 1.0% # the total pl ant - deri ved
pol yphenol content of the conposition. 6. A corrposition ﬂmﬂm ,ﬂulmlﬂm,
one of the preceding clains. wherein the flavonol conte
| east 2% of total plant-derived polyhenol content of fhe" CO'prOsSIt*I on.
A conposition according to any one of the preceding clains conprising the
total pol yphdnck ptantaﬂerbfed rﬂadondl-memainingﬁﬁy Sompositmsuigatile for lmnmnlcdmmgtptim,any-
one of the precedin C rls | uent .ar carrier. 9.
A conposi ¢ i oML et S diee PR BaBafT i e, ciEontim CPEPHF one
or nore subs Bsnoke! ected fromthe group consisting of: nutrients.
antioxi dants. therapeutic substances (especially those having a therapeutic
effect in relation to prevention and/or treatment of CHD), flavourings, and
sweet eners. 30. f cl ai ms.
30. ARo 64 éc%ﬁf&%&irﬂ‘ectéogn@ﬂm%%ﬁea& 0.561'% Whe figenDE

conpri sing one or re substances se group consisting of:
| utein, Iycopene, a- or [err]-carotene, vitamn A vitamn C vitamn E

e X ORI it

comprising at least 0.01% (w/w) flavonol.

4. A composition according to any one of the preceding claims, wherein the flavonol -
content is at least 0.1% (w/w).

5. A composition according to any one of the preceding claims, wherein the flavonol-
content is at least- 1% (w/w).

6. A composition according to any one of the preceding claims, wherein the flavonol
content comprises at least 0.5% of the total plant-derived polyphenol content of the

composition.

7. A composition according to any one of the preceding claims, wherein the flavonol
content comprises at least 1.0% of the total plant-derived polyphenol content of the
composition. B

8. A composition according to any one of the preceding claims, wherein the flavonol
content comprises at least 2% of the total plant-derived polyphenol content of the
composition. '

9. A composition according to any one of the preceding claims, comprising the total
polyphenol pool of red wine.
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di hydroxy benzoic acid, 2,5- dlm, and aspirin. 11. A
conposition according to any o H"I"H"ﬂﬂ' g/ clai ns, packaged in
unitary does form 12. A conposi ﬂﬂm u]o any one of the preceding
clainms, in the formof a tablet,” cdpstl eXorspi 13. A drink conprising a
corrpositlon“wﬁﬁgng to any one of the preceding clai ns apgr/GB97/02537

physi ol ogically acceptable liquid. 14. A nethod of making a drink,
conprising nmixing a conposition in accoS@ance with any one of clains 1-12
with a physiologically acceptable liquid. 15. A drink according to claim
13, or a mettho compesitibnwgcdrding kaamy dné,of diecprededing lehaimé\\comprisipp afl xdipient,
accept abl eJ{l ui d co ri ses water, an aqueous solution, an alcoholic
solution. f T-m |k, or yogurt. 16. A conposition in accordance
wi th any one of clalrrs 1-12, for use in the preparation of a nedicanent to

i nhibit oxidation of plasma LDL in a human subj ect. 17. A conposi tion
in accor danlde Aicompesijongaseordingde apyreneiof the p ingeelaims, comprisingonearimore of a

medi cament e
Compost ¢ 1 ortupadtes BAeAd donf Hhe Ef) cdnishng! Y et “Gioxdims. brppentic
preparatio rsubitaxmesrﬁtpemaﬂyrﬂmﬁeohavim tierapegtiqefficce lire relatipyr legarevention add/or

stinulatin |br|n n_a. huna ubject. 19. Use of a conposition
according t (Yﬁéﬁﬁ#) daﬁ?wgi T@ { ePEE manuf acture of a nedicanent for
consunption by a human subj ect for |nh| biting oxidation of plasma LDL in
the subject. 20. Use of a conposition according to any one of clains 1-12,
for the mani% abcomposifionacserdingaany onenl %mégﬂ claims, comprisingonesmese f or

stimul ati ngseibifea | 6 lth® BRHE LonSiftidg off KM NySPRAeE D oBlchorcidPiviifhin A,

vitamin C, vitamin E (x-tocopherol and other active tocopherols), folic acid, selenium,

copper, zinc, manganese, ubiquinone (coenzyme Q10), salicylic acid, 2,3-dihydroxy
benzoic acid, 2,5-dihydroxy benzoic acid, and aspirin.

"13; . A composition according to any one of the preceding claims, packaged in unitary
dose form. "

14. A composition according to any one of the preceding claims, in the form of a tablet,
capsule or pill. '

15. A drink made by mixing a composition according to any one of the precedmg claims
with a physiologically acceptable liquid. '

16. A method of making a drink, comprising mixing a composition in accordance with
any one of claims 1-14 with a physiologically acceptable liquid. '

17. A drink according to claim 15, or a method according to claim 16, wherein the
physiologically acceptable liquid comprises water, an aqueous solution, an alcoholic
solution, fruit juice, milk, or yogurt. '

18. A method of inhibiting oxidation of plasma LDL in a human subject, the method
comprising: preparing a composition in accordance with any one of claims 1-14, or a
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manuf acture of a nedi canent for i
inhibiting platel et aggregation

UYL 775 ot 52 ' 78 e

21. Use of a conposition accordi nﬁlto any one of clains 1-12 for the

subject. 22. A nethod of maki ng-a nmedicaneht ¥or* oral consu
human subj ectW@8¥17#% pur pose of effecting one or nore of t

tion by a
hg in

the subject: inhibition of oxidation of p; asma LDL: inhibition of platelet

aggregati on;
producti on;

stimul ation of fibrinolysis; Lind stimulation of TG--[err]
t he met hod conprising preparing a conposition in accordance

wit h any oneddRk agcardiag to clsim h¥;andadpunisterng the camposidercer drink tecthe subject.

conposi tion.
conposition

23. A product, particularly a foodstuff, conprising a
in accordance with any one of clainms | to 12.
19. A method of stimulating TGF-8 production in a human subject, the method

comprising: preparing a composition in accordance with any one of claims 1-14, or a
drink according to claim 15; and administering the composition or drink to the subject.

20. A method of inhibiting platelet aggregation and/or stimulating fibrinolysis in a human
subject, the method comprising: preparing a composition in accordance with any one of -
claims 1-14, or a drink according to claim 15; and administering the composition or drink
to the Subject.

21. Use of a composition according to any one 6f claims 1-14, for the manufacture of a -
medicament for consumption by a human subject for inhibiting oxidation of plasma LDL -
in the subject.

22. Use of a composition according to-any one of claims 1-14, for the manufacture of 2~
medicament for consumption by a human subject for stimulating TGF-# production in a

human subject in the subject.

23. Use of a composition according to any one of claims 1-14, for the manufactiure of a -

'medica,ment for consumption by a human subject for inhibiting platelet aggtegation and/or

stimulating fibrinolysis in the subject.

24. A method of making a medicament for orail consumption by a human subject for the
purpose of effecting one or more of the following in the subject: inhibition of oxidation
of plasma LDL; inhibition of platelet aggregation; stimulation of fibrinolysis; and
stimulation of TGF-8 production; the method comprising preparing a composition in
accordance with any one of claims 1-14; and preparing unitary doses of the composition.

25. A product, particularly a foodstuff, comprising a composition in accordance with any
one of claims 1 to 14.
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