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(57) Abstract

Disclosed and claimed
are cocoa extracts, compounds,
combinations thereof  and
compositions containing the
same, such as polyphenols
or  procyanidins, methods
for preparing such extracts,
compounds and compositions,
as well as uses for them,
especially a polymeric
compound of the formula Ay,
wherein A is a monomer of
formula (I) wherein n is an
integer from 2 to 18, such
that there is at least one
terminal monomeric unit A,
and one or a pluralnty of
additional monomeric units; R

OH

(54) Title: COCOA EXTRACT COMPOUNDS AND METHODS FOR MAKING AND USING THE SAME

OH

0]

X

is 3-(a)-OH, 3-(8)-OH, 3-(«)-O- -sugar ou 3-(B)-O-sugar; bonding between adjacent monomers takes place at positions 4, 6 or 8 a bond
of an additional monomeric unit in position 4 has alpha or beta stereochemistry; X, Y and Z are selected from the group consisting of
monomeric unit A, hydrogen, and a sugar, with the provisos that as to the at least one terminal monomeric unit, bonding of the additional
monomeric unit thereto (the bonding of the additional monomeric unit adjacent to the terminal monomeric unit) is at position 4 and
optionally Y = Z = hydrogen; the sugar is optionally substituted with a phenolic moiety, at any position on the sugar, for instance via an
ester bond; and pharmaceutically acceptable salts or derivatives thereof (including oxidation products).

————



COCOA EXTRACT COMPOUNDS AND METHODS .
‘ .
FOR MAKING AND USING THE SAME

REFERENCE TO RELATED APPLICATION

5 Reference is made to copendinq U.S. application
-Nos. 08/709,406, filed September 6, 1996, 08,631,661, |
filed April 2, 1996, and 08/317,226, filed October 3;
1994 (now U.S. Patent No. 5,554,643) and PCT/US96/04497,
each of which is incorporated herein by reference.

10 FIELD OF THE INVENTION N

This invention relates to cocoa extracts and
compounds therefrom such as polyphenols preferably
polyphenols enriched with procyanidins. This invention
also relates to methods for preparing such extracts and

15 compounds, as well as to uses for them; for instance, as
antineoplastic agents, antioxidants, DNA topoisomerase II
enzyme inhibitors, cyclo-oxygenase and/or iipoxygenase
modulators, NO (Nitric Oxide) or NO-synthase modulators,
‘as non-steroidal antiinflammatory agents, apoptosis

20 modulators, platelet aggregation modulators, blood or in
vivo glucose modulators, antimicrobials, and inhibitors
of oxidative DNA damage. ' '

Documents are cited in this disclosure with a

“full citation for each appearing thereat or in a

25 References section at the end of the specification,
preceding the claims. These documents pertain to the
field of this invention; and, each document cited herein
is hereby incorporated herein by reference.
BACKGROUND OF THE INVENTION |

30 Polyphenols are an iﬁcredibly diverse group of
compounds (Ferreira et al., 1992)'which widely occur in a
variety of plants, some of which enter into the food
chain. 1In some cases they represent an important class
of compounds for the human diet. Althouqh some of the

35 polyphenols are considered to be nonnutrative, interest
in these compounds has arisen because of their possible
beneficial effects on health.

For instance, quercetin (a flavonoid) has been

. ,"—‘h\\
,6§f§22§shown to possess anticarcinogenic activity in
< 1\
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experimental animal studies (Deshner et al., 1991 and
Kato et al., 1983). (+)-Catechin and (-)-epicatechin
(flavan-3-ols) have been shown to inhibit Leukemia virus
reverse transcriptase activity (Chu et al., i992).

S Nobotanin (an oligomeric hvdrolyzable tannin) has also
been shown to possess anti-tumor activity (Okuda et al.,
1992). Statistical reports have also shown that stomach
cancer mortality is significantly lower in the tea
producing districts of Japan. Epigallocatechin gallate

10 has been reported to be the pharmacologically active
material in green tea that inhibits mouse skin tumors

(Okuda et al., 1992). Ellagic acid has also been shown

to possess anticarcinogen activity in various animal

. tumor models (Bukharta et al., 1992). Lastly,

15 proénthocyanidin oligomers have been patented by the
et Kikkoman Corporation for use as antimutagens. Indeed,

the area of'phénolic compounds in foods and their

veeesl modulation of tumor development in experimental animal
cees’ models has been recently presented at the 202nd National
'3;f 20 Meeting of The American Chemical Society (Ho et al.,

1992; Huang et al., 1992).
However, none of these reports teaches or
: suggests cocoa extracts or compounds therefrom, any

. . ' ‘'methods for preparing such extracts or compoundS‘

25 therefrom, or, any uses for cocoa extracts or compounds

therefrom, as platelet aggregation inhibitors or
antimicrobials.

OBJECTS AND SUMMARY OF THE INVENTION

Since unfermented.cocoa beans contain substantial
levels levels of polyphenols, the present inventors
considered it possible that similar activities of and

uses for cocoa extracts, e.g. compounds within cocoa,
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could be revealed by extracting such compounds from cocoa
and screening the extracts for activity. The Nat;onal
Cancer Institute has screened various Theobroma and
Herrania species for anti-cancer activity as part of
their massive natural product selection program. Low’
levels of activity were reported in some extracts of
cocoa tissues, and the work was not pursued. Thus; in
the antineoplastic or anti-cancer art, cocoa and its
extracts were not deemed to be useful; i.e., the
teachings in the antineoplastic or anti-cancer art lead

the skilled artisan away from employing cocoa and its

‘extracts -as cancer therapy.

Since a number of analytical procedures were
developed to study the contributions of cocoa polyphenols
to flavor development (Clapperton et al., 1992), the
present inventors decided to apply analogous methods to
prepare samples for anti-cancer screening, contrary to
the knowledée in the antineoplastic or anti-cancer art.
Surprisingly, and contrary to the knowledge in the art,
e.g., the National Cancer Institute screening, the
present inventors discovered that cocoa polyphenol
extracts which contain procyanidins, have significant

utility as anti-cancer or'antineoplasﬂié agents.
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It was then surprisingly discovered that compounds
extracted from cocoa have activity as antimicrobial
agents and as platelet- aggregation inhibitors.

Accordingly, the present invention provides a
polymeric compound of the formula A, in an amount to
effect said treatment wherein A is a monomer of the

formula:

wherein
n is an integer from 2 to 18; .
- R and X each have either o or B stereochemistry;
R is OH or O-sugar; '
the substitutents of C-4, C-6 and C-8 are X, 2, and
Y, respectively, and bonding of monomeric units occurs at
C-4, C-6 or C-8;
when any of C-4, C-6 or C-8 are not bonded to
another monomeric unit, X, Y, and Z are hydrogen, and 2
and Y are sugar and X is hydrogen, or X is sugar and 2
and Y are H, or cbmbinations thereof, provided that Y
and Z of the first momomeric unit are hydrogen when the
second monomeric unit is bonded to C-4 of said first

unit; and
wherein the sugar is an unsubstituted sugar or
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a sugar substituted with a phenolic moiety via an ester
bdnd;
or a derivative or oxidation product thereof;
and a pharmaceutically, veterinarily or food
science acceptable carrier.

- The invention also provides a method of inhibing
platelet aggregation, comprising administering to a
mammal in need of such treatment a composition comprising
a polymeric compound of the formula A,, as defined above,
or a derivative or oxidation product thereof, and a
pharmaceutically, veterinarily or food science acceptable
carrier. ' |

The invention additionally provides a method of
treating, preventing or reducing atherosclerosis or
restenosis in a mammal, comprising administration to said
mammal a composition comprising a polymeric compound of
the formula A,, as defined above, or a derivative or
oxidation product thereof, and a pharmaceutically,
veterinarily or food science acceptable carrier.

The invention further provides'a method of
modulating thrombosis in a mammal, comprising
administering to said mammal a composition comprising a
polymeric compound of the formula A,, as defined above,
or a derivative or oxidation product thereof and a
pharmaceutically, veterinarily or food science acceptable
carrier. | »

In addition the invention provides a method of
inhibiting bacterial growth in a mammal, comprising
administering to said mammal a composition comprising a
polymeric compound of the formula A,, as defined above,
-or a derivative or oxidation product thereof, and a
pharmaceutically, veterinarily or food science acceptable

carrier.
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The invention also provides a method for the
identification of at least one gene induced or repressed
by a polymeric compound of the formula A,, as defined
above, or a derivative or okidatidn product thereof; said
method comprising contaéting said at least one gene or a
gene product thereof with the polymeric compound using a
gene expression assay.

The polymeric compound is préferably at least one
cocoa procyanidin selected from (-) epicatechin, (+)
catechin, procyanidin B-2, procyanidin oligomers 2
through 18, e.g. 3 through 18, such as 2 through 12 or 3
through 12, preferably 2 through 5 or 4 through 12, more
preferably 3 through 12, and most preferably‘S through
12, procyanidin B-5, procyanidin A-2 and procyanidin C-1.

The compounds are pfeferably'obtained by a process
comprising reducing cocoa beans to powder, defatting the
powder and, extrécting and purifying active compound(s)
from the powder. |

The methods of the present invention as defined
above comprise administering to the patient a composition
comprising an effective quantity of a substantially pure
cocoa extract or compound therefrom or synthetic cocoa
polyphenol (s) or procyanidin(s) and a pharmaceutically,
veterinary or food scienqe acceptable carrier. The cocoa
extract or compound therefrom can be cocoa
procyanidin(s); and, is preferably obtained by reducing
cooca beans to powder, defatting the powder and,
extracting and purifying active compound (s) from the
powder. The substantially pure cocoa extract or
compounds therefrom or synthetic cocoa polyphenol(s) or
procyanidin(s) may be provided in a kit with a suitable
carrier, e.g. a pharmaceutically, veterinary or food

science acceptable carrier, for admixture with the
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extract or compound therefrom or synthetic polyphenol (s)
or procyanidin(s).

The polymeric compounds A, used in the present
invention are as illustrated in Figs. 16A to 16P and 17A
to 17AA; and linkages of 4—6 and 4—8 are presently
preferred.

BRIEF DESCRIPTION OF THE DRAWINGS
The following Detailed Description will be
better understood by reference to the accompanying
drawings wherein: ' '
‘ Fig. 1 shows a representative gel permeation
chromatogram: from the fractionation“of crude cocoé
proéyanidiﬁs; ‘
Fig. 2A shows a representative reverse-phase

HPLC chromatogram showing the separation (elution

profile) of cocoa procyanidins extracted from unfermented
cocoa; A -

‘Figl 2B ‘shows a representative normal phase
HPLC separation of cocoa procyanidins extracted from
unfermented cocoa}

Fig. 3 shows several representative procyanidin
structures;

_ Figs. 4A-4E show representative HPLC
chromatograms of five fractions employed in screening for
anti-cancer or antineoplastic activity;

Fig 5A shows a represéntative semi—preparative
reverse phase HPLC separation for combined cocoa
procyanidin fractions D and E;

Fig 5B shows a representative normal phase semi-
preparative HPLC separation of a crude cocoa polyphenol

extract; .
Fig 5C shows the effect of enzymatically oxidised
cocoa procyanidins against Hela cells (dose response for
polyphenol oxidase treated crude cocoa polyphenol; %
control vs. concentration, pg/ml; darkened square'is
crude UIT-1 (with caffeine and theobromine), open circle
crude UIT-1 (without caffeine and theobromine) and
darkened circle crude UIT-1 (polyphenol oxidase

catalysed) ;
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Fig. 6 snhows a normal phase HPLC sesparation of
crude, enriched and purifiedlpentamers from cocoa
extract; _

A 'Piqé. 7A., B and C show MALDI—TOF/MS of
pentamer enriched procyanidins, and of Fractions A-C'énd
of Fractions D-E, respectively; |

Fig. 8 A shows an elution profile of oligomeric
procyanidins purified by modified semi-preparative HPLC;

Fig. 88 shows an elution profile of a trimer
procyanidin by modified semi-prépafatf&é‘HPLC;

Figs. . 9a-D each show energy minimized
e e . structures of all (4-8) linkasd pentamers based on the
. structure of epicatechin;

' Ftg. 10A shows relative fluorescence of
K epicatechin upon thiolysis with benzylmercapten;
K Fig. 10B shows relative fluorescence of
catechin upon.thidleis with benzylmercaptan;
sgeees : Fig. 10C shows relative fluorescence of dimers
o0 (B2 and BS) upoh thiolysis with benzylmercapten;

(XXX}
eeoo

Fig. 11A shows relative fluorescence.of dimer
upon thiolysis;

LXX XX ]
.

oo, . Fig..11B shows relative fluorescencs of BS
. ) L * ' 0 . ! .

Jo0e dimer upon thiolysis of dimer and subsequent

o o L : . :

- desulphurization;

Fig. 12 shows the elution profile from halogen-
free analytical separation of acetone extract of
procyanidins from cocoa extract;

F1g. 13 shows the effect of pore size of
stationary phase for normal phasa HPLC separation of
procyanidins;

Fig. 14A shows the substrats utilization during
fermentation of cocoa beans;

Fig. 14B shows the metabolite production during
fermantation;

Fig. 14C shows the plate‘counts during

fermentation of cocoa beans;

YpOTR{? Fig. 14D shows the relative concantratlions af
7 .

- .%. each component 1n fermented solutions of cocoa beans;

2

/
% OF?,\C%
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Fig. 15 shows the pu Tr:.cat*on scﬁem= for the

Iy

isolation of procyanidins from cocoa;

qu.;lGA to 16° shows the preferred structures
of the pentanmer;

-

Figs. 17A-AA show a library of stesreoisomars aof
pentahers; »
‘Figs. 18A-3 show 70 minute gradients for normal
phase HPLC separatioﬁ of proéyanidins, detected by UV and
 fluorescence, respectively; o ‘ ‘

FiqSL‘IQA-B show 30 minute gradients for normal

sel e phase HPLC separation of procyanidins, detected by UV and
S eene fluorescence, respectively; | ‘

:i:} Fiq.AQQ shows a preparation normal pnase HPLC
§u'} A separation of procyanidins; | .

§3.} Figs. 21A-G show CD (circular dichroism)

- spectra of procyanidin dimers, trimers, tetramers,

'?;4 pentamers, hexamers, heptamers and octamers,

IXIN respectively; '

:3:i A Fig. 22A shows the structure and 'H/!'’C NMR data
:".€ A for epicatechin; A o

::? Figs. 22B-F show the APT, COSY, XHCORR, 'H and
3'3: 3¢ NMR spectra for epicatechin; | |

R o Fig. 23a shows the structure and 1LI/”C NMR data

for catechin;
Figs. 233-E show the 'H, A®T, XHCORR and COSY
NMR spectra for catechin; :
© Fig., 24A shows the structuréyénd ‘H/Y3c NMR data
for B2 dimer; ‘
Figs. 24B-G show the '3c, apT, lH, HMQC, COSY
and HOHAHA NMR spectra for tne B2 dimer;
Fig. 252 shows the structure and 'H/}3c NMR data
for B3 dimer;
Figs. 25B-G show the 'H, !3c, APT, cosY, HMQC
and HOHAHA NMR spectra for B3 dimer;
Figs. 26A-D show the 'H, COSY, HEMQC and HOHAHA
obfﬁz\\ NMR spectra for epicatechin/cat?chin trimer;
Figs. 27%-0 show the -“H, COSY, HMQC and HOHAHA

MR spectra for epicatsechin trimer;
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Fig. 28 shows a micellar electrokinetic capillary
chromatographic separation of cocoa.procyanidin
oligomers;

Fig. 29A-F show MALDI-TOF mass spectra for Cu*?-,
Zn*?-, Fe'-, Fe"-, Ca'-, Mg'* ions, respectively,
cbmplexed to a trimer;

Fig 30 shows a MALDI-TOF mass'spectrum of cocoa
procyénidin oligomers (tetramers to octadecamers);

Fig 31 shows time-temperature effects on a hexamer

Jét hydroxylsis;

*vene Fig 32 shows time-temperature effects on trimer
% formation.

:3:3‘ | Fig 33 shows the effect of cocoa procyanidin
‘3: ' fractions on macrophage NO production; and

Fig 34 shows the effect of cocoa procyanidin

fractions on LPS induced and gamma interferon primed

:"fa . macrophages.

o DETAILED DESCRIPTION

.::h COMPOUNDS USED IN.THE INVENTION

e, As discussed above, it has now been surprisingly
:?:; . found that compounds derived frdm cocoa have

antimicrobial and platelet aggregation inhibiting
activities and can also be used to treat thrombosis,
atherosclerosis and restenosis.

The compounds areAgenerally prepared by
reducing coéoa.beans to a powder, deféttinq the powder,
and extracting and purifying the activ%ncompound(s) from
the defatted powdér. The powder can be prepared by
freeze-drying the cocoa beans and pulp, depulping and
dehulling the freeze-dried cocoa beaﬁs and grinding the
dehulled béans. The extraction of active compound(s) can
be by solvent extraction technigues. The extracts

comprising the active compounds can be purified, e.g., to

TR be substantially pure, for instance, by gel permeation

OSTREN S |

/R 4 chromatography or by preparative High Performance Liquid
z DT :

g Chromatography (HPLC) techniques or by a combination of

A ‘ .

GVT <£§Uzsuch techniques.
0)3
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With reference to the isolation and

- purification of the compounds of the invention derived

from cocoa, it will be understood that any species of

Theobr¢ma, Herrania or inter- and intra-species crosses

thereof may be employed. In this regard, reference is
made to Schultes, “Synopgis of Herrania," Journal of the
Arnold Arboretum, Vol. XXXIX, pp. 217 to 278, plus plates
I to XVII {1985), Cuatrecasas, "Cocoa and Its Allies, A
Taxonomic Revision of the Genus Theobroma,".Bulietin of
the United States National Museum,WVOl. 35, part 6, pp.-
379 to Glj, plus plates 1 to 11 (Smithsonian Institution,
1964), and Addison, et al., "Observations on the Species
of the Genus Theobroma Which Occurs in the Amazon," Bol.
Tech. Inst. Agronomiéo de Nortes, 25(3) (1951).

Additionally, Example 18;lists the heretofore
never reported concentrations of the inventive compounds
found in Theobroma and Herrania species and their inter-
and intra-species crosses; and Example 18 also describes
methods of mbdulating the.amounts of the inventive
compounds which may be obtained from cocoa by
manipulating cocoa fermentation conditions.

An'outline of the purification, protocol
utilized in the isolation of”substantially pure
procyahidins is shown in Fig. 15", Steps 1 and 2 of the
purificatién scheme are.de3cribed in Examplés 1 ahd 2;

steps 3 and 4 are described in Examples 3, 7 and 16;

step 5 1is deséribed_in Examples 4 and 8, and step 6 is-

described in Examples 4, 8 and 10. The skilled artisan
would appreciate and envision modifications in the
pdrification scheme outlined in Figure 15 to obtain the
active compéunds without departing from the spirit or

scope thereof and without undue experimentation.
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The compound used in the methods of the present

invention may be of the formula:

10 -

15

20

25

30

35

whe L

rei

n i; an integer from 2 to 18, e.g., 3 to 12,
such that there is a first monomeric unit A, and a
plurality of other monomeric units;

o R is 3-(a)-OH, 3-(B8)-OH, 3-(a)-O-sugar, or 3-

(ﬁ)—o—sugar;' : o . o

position 4 is alpha or beta sterebchemistry;

X, ¥ and 2 represent positions for bohding
between monomeric units, with the proQiéos that as to the
first monomeric unit, bonding of another monomeric unit
thereto is at position 4 aﬁd Y = 2 = hydroqen) and, that
when not for bondihg monomeric units, X, Y and Z are
hydrogen, of Z, Y are sugar and X is hydrogen, or X is
alpha or beta sugar and Z, Y are hydrogen, or
combinations thereof. The compound can have n as 5 to
12, and certain preferred compounds have n as 5. The
sugar can be selected from the group consisting of
glucose, galactose, xlese,irhamnose,’and arabinose, The
sugar of any or all of R, X, Y and ZAcan.optionally be
substituted with a phenolic moiety via an ester bond.

For instance, the compound may be of the

—~~.._ formula:
CSTREN
®° /%22>\;

0z

T
2

& o

S

&
F?g'

)
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n is an integer from .2 to 18, e.g., 3 to 12,
advantageously 5 to 12, and preferably n is S, such that
there is a first monomeric unit 2, |

15

20

25

and a plurality of other monomeric units of A;
R 1s 3-(a)-OH, 3-(B)-OH, 3-(a)-O-sugar, or 3-
30 (B8)-0O-sugar; ' ' o
position 4 is alpha or beta stersochemistry;
X, Y and Z represent positions for bonding
between monomeric units, with the provisos that as to the
first monomeric unit, bonding of another monomeric unit

35 thereto is at position ¢ and Y

Z = hydrogen, and, that

when not for bohding monomeric units, X, Y and Z are
xoéTEZF\hydrogen or 2, Y are sugar and X is hydrogen, or X is
As z
Z

> )

A 4
Sy Nz
& OF?.Q

e
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alpha or beta sugar and Z and Y are hydrogen, or
comblnatlons thereof and
said sugar is optionally substituted with a

phenolic moiety via an ester bond.

Accordingiy, the compound used in the present

‘invention is a polymeric compound of the formula A,

. wherein A is a monomer having the formula

10

15

20

OH

wherein ‘
n is an integer from 2 to 18, such that there is at least

one terminal monomeric unit A, and at least one or a

" plurality of additional monomeric units;

25

30

S
2
o P
) !
6%7 C

R is 3-(¢)-OH, 3-(B)-OH, 3-(a)-O-sugar, or 3-
(B)-O-sugar; _ '

bonding between adjacent monomers takes place
at pOSltlonS 4, 6 or 8;

a bond of an additional monomeric unlt in
position 4 has o or B stereochemistry;

X, Y and Z are. selected from the group.
consisting of honomeric_unit A, hydrogen, and a sugar,
with the provisos that as to the at least one terminal
monomeric unit, bonding of the additional monomeric unit
thereto (i.e., the bonding of the monomeric unit adjacent
the terminal monomeric unit) is at position ¢ and
optionally, Y = Z = hydrogen; and '

the sugar is optionally sﬁbstituted with a

phenolic moiety at any position, for instance via an
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ester bond; or a pharmaceutically acceptable salt or

derivative thereof (including oxidation products).

10

1S

20

25

30

35

In preferred embodiments, n can be 3 to 18, 2

to 18, 3 to 12, e.g., S to 12; and, advantageously, n is

'S. The sugar 1is selected from the group consisting of

glucose, galactose, xylose, rhamnose and arabinose. The
sugar of any or all of R, X, Y and Z can optionally be
substituted at any position with a phenolic moiety via-an
ester bond. The phenolic moiety is selected from the
group consisting of caffeic, cinnamic, coumafic, ferulic,
gallic, hydroxybenzoic and sinapic acids.

Additionally, the polymeric compound may be of
the formula A,, wherein A is a monomer having the

formula:

wherein
n is an integer from 2 to 18, e.g., 3 to 18,
advantageously 3 to 12, e.g., 5 to 12, preferably n is 5;
R is 3-(a)-OH, 3-(B)-OH, 3-(¢)-O-sugar, or 3-
(B) -O-sugar; '
adjacent monomers bind at position 4 by (4-6)
or (4-—8);
each of X, ¥ and Z is H, a sugar or an adjacent
monomer, with the provisos that if X and Y are adjacent

monomers, Z is H or sugar and if X and Z are adjacent

- monomers, Y is H or sugar, and that as to at least one of

the two terminal monomers, bonding of the adjacent
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monomer 1is at position 4 and optionally, Y = 2 =
hydrogen;

a bond at position 4 has a or B
stereochemistry; ' -

5 the sugar is optionally’substituted'with a’
pheholié moiety at any position, for instance, via an
.ester bond, o

- or a pharhaceuticaLly acceptable salt or

derivative thereof (including oxidation products).

10  wWith regard to the recitation of "at least one

terminal monomeric unit A", it will be underétood that
the polymeric compounds have two terminal monomeric

units, and that the two terminal monomeric unit A may be

the same or different. Additionally, it will be

s..0 15 understood that the recitation of "at least one terminal
- monomeric unit A" includes embodiments wherein the

: . terminal monoﬁéric unit A is referred to as a "first

monomeric unit", with the recitation of "first monomeric

cseees unit" relating to that monomer to which other monomeric
.. ' 20 units are added, resulting in a polymeric compound of the
ceee formula A . 'Moreover, with regard to the at least one of

the two terminal monomers, bonding of the adjacent

cene monomer is at position 4 and optionally; Y = 2 =
k°3° hydrogen.
¢ .t 25 As to the recitation of the term “combinations

thereof” it will be understood that one or more of the
polymeric compounds of formula A, may be used
simultaneously, é.g., administered to a subject in need
of treatment in a formulation comprising one or more of
the polymeric compounds.

The compounds or combinations thereof display
the utilities noted above for cocoa extracts; and
throughout the diéclosure, the term “cocoa extract” may
be substituted by compounds of the invention or
combinations thereof, such that it will be understood
that the inventive compounds or combinations thereof can

' be cocoa extracts. As used herein the term “inventive

OJ

»TR4< compounds” therefore denotes polymeric compounds of
. v~ ‘.

“formula 2, and their derivatives as defined above, and
'% Lf@mbinations thereof, whether extracted from cocoa or
A { ) :
Gbr(ﬁﬁgproduced synthetically.

———
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The term "oligomer", as used herein, refers to

any compounds or combinations thereof of the formula

‘presented above, wherein n is 2 through 18. When n is 2,

the oligomer is termed a "dimer"; when n is 3, the
oligomer is termed a "trimer"; when n is 4, the oligomér
is terméd a "tetramer"; when n 1s 5, the oligomer is
termed a "pentamer"; and similar recitations may be
designated for oligomers having n up to and including 18,
such that when n is 18, the oligomer is termed an
"octadecamer".

The inventive compounds or combinations thereof
can be isolated, e.g., from a natural source such as any
species of Theobroma, Herrania.or inter- or intra-spepies
crosses thereof; or, the inventive compounds or
combinationé thereof can be purified, e.g., compounds or
combinations thereof can be substantially pure; for
instance, purified to apparent homogeneity. Purity is a
relative coﬁcept, and the numerous Examples demonstrate
isolation of inventive compounds or combinations thereof,
as well as purification thereof, such that by methods
exemplified a skilled artisan can obtain a substantially
pure inventive compound or combinatioh.thereof, or purify
them to apparent homogeneity (e.g., pdfity by separate,
distinct chromatographic peak). Considering the Examples;
a substantially pure compound or |
combination of coﬁpdunds 1s at least about 40% pure,
e.g., at least about S0% pure, advantageously at least
about 60% pure, e.g., at least about 70% pure, more
advantageously at least about 75-80% pure; preferably, at

least about 90% pure, more preferably greater than 90%

pure, e.g., at least S50-95% pure, or even purer, such as

gréater than 95% pure, e.qg., 95-98%3pufe}
Further, examples of the monomeric units

comprising the oligomers used herein are (+)-catechin and

(-)-epicatechin,- abbreviated C and EC, respectively. The

linkages between adjacent monomers are from position 4 to
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position 6 or position 4 to positibn 8; and this linkage
between position 4 of a monomer and position 6 and 8 of
thé adjacent monomeric units is designatéd herein as
(4—6) or (4—8). There are four possible stereochemical
linkages between position 4 of a monomer and position 6
and 8 of the adjacent monomer; and the stersochemical

linkages between monomeric units is designated herein as

(4a—6) or (4B—6) or (4c—8) or (4R—8). When C 1is linked
to another C or EC, the linkages are designated herein as
(4c—6) or (4a—8). When EC is linked to another C or EC,

the linkages are designated herein as (48-6) or (4B—8).
: Examples of compounds eliciting the activities
cited above include dimers, EC-(48-8)-EC and EC-(4B~6)—
EC, wherein EC-(4B—8)-EC is preferred; trimers ([EC-
(48-8) 1,-EC, (EC-(4B-8)],-C and [EC-(4B-6)],-EC, wherein
[EC-(4B—8)]1,-EC 1is preferred; tetramers (EC-(48-8) ]3-EC,
[EC—(4B*8)]3~C.and (EC-(4B~8) ],~EC-(4B~6)-C, wherein (EC- -
(4B~8)]3-chis preferred; and pentamers (EC-(4B-8)],-EC,
[EC-(4B~8) ],~EC-(4B—6)-EC, [EC-(4B—8)];-EC-(4B—8)-C and
(EC-(45—8) ]3-EC-(48—6)-C, wherein the 3-position of the
pentamer teéerminal monomeric unit is optidnaily
derivatized  with a gallate or R-D-glucose; [EC-(45—8)],-
EC is preferred. “ A
Additionally, compounds which elicit the
activities cited above also include hexamers to
dodecamers, examples of which are listed below:

A~ hexamer, wherein one monomer (C or EC) having
linkages to another monomer (43-8) or (4B-6) for EC
linked to another EC or C, and (4c—8) or (4a—6) for C -
linked to another C or EC; followed by a (48-8) linkage

:to a pentamer compound listed above, e.g., [EC-(4B-8)]5-

EC, (EC-(4B—8)],~EC-(4B~6)-EC, [EC-(4B-8)],~EC-(4B—8)-C,
and (EC-(4B—8) ]4-EC-(4B~6)-C, wherein the 3-position of
the hexamer terminal monomeric unit is optionally
derivatized with a gallate or a R-D-glucose; in a

preferr=ad embodiment, the hexamer is (EC-(4B—8) ]4-EC;




10

R 15

20

25

30

35

-19 -

A heptamer, wherein any combination of two
monomers (C and/or EC) having linkages to one another
(4B3—+8) or (48—6) for EC linked to another EC or C, and
(4c—8) or (4a—6) for C linked to another C or EC; .
followed by a (48—8) linkage to a pentamer compound
listed above, e.g., [EC-(4B—8)]4-EC, [EC-(4B=8)] -EC-.
(4B=6) ~EC, [EC-(4B~8)],~EC-(4B—8)-C, and [EC-(48~8)]¢-EC-
(4B—6)-C, wherein the 3-position of the heptamer terminal
monomeric unit is optionally derivatized with a gallate
or a B-D-glucose; in a preferred embodiment, the heptamer
is (EC-(4B8—8)]¢-EC; '

An .octamer, whérein.any combination of three
monomers (C and/or EC) having linkages to one another
(4B—-8) or (4B-6) for EC linked to another EC or C, and
(4d~8) or (4a—6) for C linked tb another C or EC;
followed by a (4B-8) linkage to a pentamer compound
listed above, e.g., [EC-(485-8)],-EC, (EC-(4B—8) ]g-EC-
(45—6) -EC, tsc-(45~8)]6—Ec~(4ﬁ~8)-c, and (EC-(4B—-8)]4-EC-
(48~6)-C, wherein the 3-position of the octamer terminal
monomeric unit is optionally derivatized with a gallate
or a B-D-glucose; in a preferred embodimentt the octamer
is [EC-(4B-8)],-EC; :

A nonamer, wherein any combi%étion of four
monomers ' (C and/or EC) having linkages to one another
(48—~8) or (4B—-6) for EC linked to another EC or C, and
(4a—8) or (4c—6) for C linked to another C or EC;
followed by~a (48—8) linkage to a pentamer compound
listed above, e.g., (EC-(4B-8)]4-EC, [EC-(4B-8)],-EC-
(48-8) ~EC, [EC-(4B~8)],-EC-(4B-8)-C, and (EC-(48-8) ],-EC-
(4B-6) -C, wheréin the J-position of the nonamer terminal
monomeric unit is optionally derivatized with a gallate
or a RB-D-glucose; in a preferred embodiment, the nonamer
is (EC-(4R—-8))g-EC;

A decamer, wherein any combination of five
monomers (C and/or EC) having linkages to one another
(46—-8) or (4B—-8) for EC linked to another EC or C, and
(4c—8) or (4c—6) for C linked to another C or EC;
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followed by a (4B—-8) linkage to a pentamer compound
listed above, e.g., (EC-(48-8)]¢-EC, [(EC-(45-8)]g-EC-
(4B—6)-EC, (EC-(4B-8)]g-EC-(4B-8)-C, and [EC-(4B8-8)]g-EC-
(4B—6)-C, wherein the 3J-position of the decamer terminal
monomeric unit is optionally derivatized with a gallate
or a B-D-glucose; in a preferred embodiment, the decamer
is [EC-(4B-8)]4-EC;

An undecamer, wherein any combination of six
monomers (C and/or EC) bavihg linkages to one another
(4B—8) or (4B—~6) for EC linked to another EC or C, and
(4c—8) or_(4a¥6)'for C linked to another C or EC;
followed by a (46—-8) linkage to a pentamer compound
listed above, e.g., [EC-(4B—8)],9-EC, (EC-(4B=8)]g-EC-
(4B-6)-EC, [EC-(4B-8)]q-EC-(4B—8)-C, and [EC-(4B—~8)]g-EC-
(4B~6)-C, wherein the 3J-position of the undecamer
terminal monomeric unit is optionally derivatized with a
gallate or a B?D-glucosé; in a preferred embodiment, the
undecaner is (EC-(48-8)],o-EC; and '

_ A dodecamer, wherein any combination of seven
monomers (C and/or EC) having linkages to one another
(4B-8) or (48-6) for EC linked to another EC or C, and
(4c—8) or (4a—=6) for C linked to another C or EC;
followed by a (4B—8) linkage to a penﬁéﬁer compound
listed above, e.g., [EC-(4B-8)],;-EC, (EC-(4B—8)],o-EC-
(4B—6)-EC, (EC-(4B-8)],o-EC-(4B—8)-C, and [EC-(4B—8)],q-
EC-(4R—6) -C, Wherein the.3-position of the dodecamer
terminal moromeric unit is optionally derivatized with a
gallate or a BR-D-glucose; in a preferred embodiment, the
dodecamer is [EC-(4R~8)],,-EC. |

It will be understood from the detailed
description that the aforementioned list is exemplary and
provided as an illustrative source of several non-
limiting examples of compounds of the invention, which is
by no means an exhaustive list of the inventive compounds
encompassed by the present invention.

Examples 3A, 3B, 4, 8, 16, 17, 20 dnd 21 describe

methods to separate the compounds of the
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invention. Examples 7; 8A-D and 10 describe methods to
purify the compoﬁnds of the invention. Examples 5, 9,
12, 13, 14 and 19 describe methods to identify compounds
of the invention. Figures 16A-P and 17A-AA illustrate a
stereochemical library for representative pentamers of
the invention. Example 11 describe a method to molecular
model the compounds of the invention. Example 23
provides evidence for higher oligomers in cocoa, wherein
n is 13 to 18.

Furthermore, while the invention is described
with respect té cocoa extracts preferably comptising
cocoa procyanidins, from this disciosuré the skilled

organic chemist will appreciate and envision synthetic

J!} - routes to obtain and/or prepare the active compounds (see
§:.f e.g. Example 6). Accordingly, the invention comprehends
E‘.: the use of synthetic cocoa polyphenols or procyanidines

' or“their derivatives and/or their synthetic precursors
sgees which include, but are not limited to glycosides,
‘::: gailates, esters, etc. and the like. Tﬁat is, the
Tt inventive compounds can be prepared from isolation from
.;:% cocoa or from any species within the Theobroma or
0 Herrania genera, as well as from synthgticfroutes; and
5:3. derivatives and synthetic precursors of the inventive

compounds such as glycosides, gallates, esters, .etc. are
included in the inventive compounds. Derivatives can
also include compounds of the above formulae wherein a
sugar or gatlate moiety is on the terminal monomer at
positions Y or 2, or a substituted sugar or gallate
moiety is on the terminal monomer at Y or Z.

Reference Example 1 describes the use of cocoa
enzymes to oxidatively modify the compounds of the
invention or combinations thereof to elicit improved
cytotoxicity (see Fig. 5C) against certain cancer cell
lines. The invention therefore includes the ability to
enzymatically modify (e.g., cleavage or addition of a

STy, chemically significant moiety) the compounds of the
05?52\\“ e.g., enzymatically with polyphenol oxidase,
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peroxlidase, catalase combinations,.and/or entymes such as
hydrolases, esterases, reductases, transferases, and the
like and in any combination, taking into account kinetic
and thermodynamic factors (see also Eﬁamplenz7 regarding
- With regard to the synthesis of the inventive
compodnds, the skilled artisan will be able to envision
additional routes of synthesis, based on this disclosure
and the knowledge in the art, without undue '
experimentation. For example, based upon a careful
retrosynthetic.analysis of the polymeric compounds, as
well as the moﬁomers. For instance, given the phenolic
character of the inventive compounds, the skilled artisan
can utilize various methods of selective
protection/deprotection, coupled with organometallic
additions, phenolic couplings and photochemical
reactions, e.g., in a convergent, linear or biomimetic
approach, of combinations thereof, together with standard
reactions known to those well-versed in the art of '
synthetic organic chemistry, as additional synthetic

methods for preparing the inventive compounds, without

- undue experimentation. In this regard, reference is made

30

to W. Carruthers, Some Modern Methods 'of Organic
Svynthesis, 3rd ed., Cambridge University Press, 1986, and

J. March, Advanced Organic Chemistry, 3rd ed., John Wiley

& Sons, 1985, van Rensburg et al., Chem. Comm., 24: 2705-
2706 (Dec. 21, 1996), Ballenegger et al., (Zyma SA)
European Patent 0096 007 Bl, and documents in the
References section below, all of which are hereby
incorporated herein by referencé.

UTILITIES OF COMPQUNDS OF THE INVENTION

With regard to the inventive compounds, 1t has
been surprisingly found that the inventive compounds have
discrete activities, and as such, the inventive compounds
have broad applicability to the treatment of a variety of

disease conditions, discussed hereinbelow.




el
L2 X ]
o

. oo
o eoe

3 o9 o
ee oo o
e

eec0 00ee e o
L]

10

15

20

30

35

-23 -

AtherosclerosiS, the most prevalent of
cardlovascular diseases, is the principle causs of peart
attack, stroke and vascular circulation problems.

Atherosclerosis is a complex disease which involves manv

cell types, blochemical events and molecular factors.

There are several aspects of this diéease,‘its disease
statesiand disease progression which are distinguished by
the interdependent consequences of Low Density
Lipoprotein (LDL) oxidation; cyclo-oxygenase
(COX)/lipoxygenase (LOX) bilochemistry and Nitric oOxide
(NO) biochemistry.

' Clinical studies- have firmly established that
the elevated plasma concentrations of LDL are associated
with accelerated atherogenesis. The cholesterol that
accumulates in atherosclerotic lesions originate

primarily in plasma lipoproteins, including LDL. The

‘oxidation of LDL is a critical event in the initiation of

atheroma formation and is associated with the enhanced
prodUctionsof superoxide anion radical (0Q,e-). Oxidation
of LDL by Oéo- or other reactive species (e.g., eOH,
ONQOe-, lipid peroxy radical, copper ion, and iron based
proteins) reduces the affinity of LDL for uptake in cells
via receptor mediated endocytosis. Oxidatively modified

LDLs are then rapidly taken up by macrophages which

‘VSubsequently transform into cells closely resembling the

"foam cells" observed in early atherosclerotic lesions.

Oxidized lipoproteins can also promote vascular
injury through the formation of lipid hydroperoxides
within the LDL particle. This event initiates radical
chain oxidation reactions of unsaturated LDL lipids, thus
producing more oxidized LDL for macrophage incorporation.

The collective accumulation of foam cells
engorged with oxidized LDL from these processes results
in early "fatty streak" lesions, which eventually
progress to the more advanced complex lesions of

atherosclerosis leading to coronary disease.
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As discussed generally by Jean Marx at page 320
of Science, Vol. 263 (July 15, 1994), each year about
330,000 patients in the United States undergo coronary

and/or peripherai angioplasty, a procedure designed to

.open up blood vessels, e.g., coronary arteries, clogged

by dangerous atherosclerotic plaques (atherosclerosis)

and thereby restore normal blood flow. For a majority of
these patients, the operation works as intended. Neariy
33% of these patients (and maybe more by some accounts),
however, develop restenosis, wherein the treated arteries
become quickly clogged again. These patients are no
better off, and sometimes worse off, than they were

before angioplasty. Excessive proliferatiocn of smooth

‘muscle cells (SMCs) in blood vessel walls contributes to
‘restenosis. Increased accumulation of oxidized LDL
within lesion SMCs might contribute to an atherogenic-

related process like restenosis. Zhou et al.,

"Association Between Prior Cytomegalovirus Infection And

‘The Risk Of Restenosis After'Coronary Atherectomy, "

August 29, 1996, New England Journal of Medicine,
335:624-630, éﬂd documents cited therein, all

incorporated herein by reference. Accordingly, utility of
the present invention with respect to atherosclerosis can

apply to restenosis.
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" The inventive compounds have utility in the

treatment of conditions involving platelet aggregation.

Nitric oxide (NO)

is known to inhibit platelet

aggregation, monocyte adhesion and chemotaxis, and

proliferation of vascular smooth muscle tissue which are

critically involved in the process of atherogenesis.

Evidence supports the view that NO is reduced in

atherosclerotic tissues due
The loss of
leads to increased platelet

free radicals.

adhesion to vessel walls to

of relaxation.

to its reaction with oxygen
NO due to these reactions
and inflammatory cell

further impair NO mechanisms

In this manner, the loss of NO promotes

atherogenic processes, leading to progressive disease

states.
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When the normal level of NO is not produced,
either because production is blocked by administration of
an NOS inhibitor or possibly, in pathological states;
such as atherosclerosis, the vascular muscles do not
relax to the appropriate degree. The resulting
vasoconstriction increases blood preésure and may be

responsible for some forms of hypertension.

Although the inventive compounds inhibit the
oxidation of LDL, the more comprehensive effectsAof these
compounds is their multidimensional effects on
atherosclerosis via NO. NO modulation by the inventive

compounds brings about a collage of beneficial effects,
including inhibiting platelet aggregation, which is
involved with the progression of atherosclerosis.

The role of NO in the immune system is
different from its function in blood vesséls.
Macrophages contain a form of NOS that is inducible,

rather than constitutive, referred to as iNOS.
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 Transcription of the iNOS gene is controlled both

10

15

positively-and negatively by a number of biological
response modifiers called cytokines. The most important
inducers are gamma-interferon, tumor necrosis factbr,
interleukin-1, interleukin-2 and lipopolysaccharide
(LPS), which 1s a component of the cell WAlls-Of gram
negative bacteria. Stimulated macrophages produce enough
NO to inhibit ribonuclease reductase, the enzyme that
converts ribonucleotides to the deoxyribonucleotides
necessary for DNA synthesis. Inhibition of DNA synthesis
may be an important way in which macrophages and other
tissues poséessing iNOS can inhibit the growth of rapidly
dividing tumor cells or infectious bacteria.

With regard to the effects of NO and infectious
bacteria, microorganisms play‘a significant role in
infectious processes which reflect body contact and
injury, habits, profession, environment of the
individual, as well as food borne diseases brought about

by improper storage, hahdling and contamination.

Example 35 provides evidence for the
formation of cu*?-, Fe*?- and Fe'’-oligomer complexes

detected by MALDI/TOF/MS. These results indicate that

‘the inventive compounds can complex with copper and/or

iron ions to minimize their effects on LDL oxidation.
Moreover, the inventive compounds have useful
anti-microbial activities for the treatment of infectjons
and for the prevention of food spoilage. Examples 15 and
20 describe the antimicrobial activity of the inventive
compounds‘against several representative microbiota

having clinical and food significance, as outlined below.

MICROORGANISM TYPE CLINICAL/FOOQOD
RELEVANCE
Helicobacter gram negative | gastritis,

pylori ulcers, gastric

cancer
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Bacillus species gram positive food poisoning,
wound infections,
) bovine mastitis,
septicemia
Salmonella gram negative food poisoning, -
species . diarrhea
Staphylococcus gram positive | boils,
S || aureus ' : carbuncles, wound
f ' i ‘ infection,
{ Sebticemia,
lyﬁ | : breast abscesses
ot .
Poeees Escherichia coli gram negative | infant diarrhea,
:i:? | urinary tract
?’t: ' | : : infection
et . :
LS Pseudomonas gram negative |urinary tract
. species infections, wound
A infections,
::? "swimmer’s ear"
LN
.::i _ Saccharomyces | yeast food spoilage
. 10 || cervisea ' .
fr”: Acetobacter . |'gram negative food spoilage
t pasteurianus

-~

Example 20A describes the effects of the
15 inventive compounds on macrophage NO production. In this
example, the results demonstrate that thé inventive
compounds 1nduce monocyte/macrophage NO production, both
independent and dependent of stimulation by
lipopolysaccharide (LPS) or cytokines. Macrophages
20 producing NO can inhibit the growth of infectious
| bacteria.
Compounds of the invention eliciting

antimicrobial activity are oligomers, where n is 2 to 18,
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and preferably, are oligomers where n is 2, 4, 5, 6, 8
and 10.

' . Examples of compounds eliciting the
antimicrobial activity with respect to NO cited above
include dimers, tetramers, pentamers, hexaners, octémeré

and decamers, discussed above.

FORMULATIONS AND METHODS

Therefore,

collectively, the inventive

compounds, Combinations thereof and compositions

comprising the same have exhibited a wide array of

activities against several aspects of atherosclerosis.

cardiovascular disease, infectious agents and food

spoilage.

Hence, the compounds of the invention,

are COX inhibitors which affect platelet aggregation by

rcombinations thereof and compositions containing the same

inhibiting thromboxane A, formation, thus reducing the

risk for thrombosis.

Further,

the inhibition of COX
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leads to decreased platelet and inflammatory cell
adhesion to vessel walls to allow for improved NO
mechanisms of relaxation. These results, coupled with
the inhibition of COX at concentrations similar to a
known NSAID, indomethacin, indicates”antithrombotic
efficacy.

Moreover, the compounds of the invention,

combinations thereof and compositions containing the same

_are antioxidants which suppress the oxidation of LDL by

reducing the levels of superoxide radical anion and
lipoxygenase mediated lipid peroxy radicals. The
inhibition of LDL oxidation at this stage slows
macrophage activation and retards foam cell formation to
interrupt further progression of atherosclerosis. . The
inhibition of LDL oxidation can also slow the progression
of restenosis. Thus, compounds of the invention or
combinations ﬁhereof or-compositiohs containing compounds
of the invention or combinations thereof can be used for
prevention and/or treatment of .atherosclerosis and/or
restenosis. And thus, the inventive coméounds can be
administered before or after angioplasty or similar
proceaures_to prevent or treat restenosis in patients
susceptible thereto. o ‘
For treatment or prevention of'restenosis
and/of atherosclerosis, an inventive compound or
compounds or a compésition comprising an inventive
compound or~compounds, alone or with other treatment, nay
be édministered as desired by the skilled. medical
practitioner, from this disclosure and knowledge in the
art, e.g., at the first signs or symptoms of restenosis
and/or atherosclerosis, immediately prior to, concomitant
with or after angioplasty, or as soon thereafter as
desired by the skilled médical practitioner, without any
undue experimentation required; and the administration of
the inventive compound or compounds or a composition
thereof, alone or with other treatment, may be continued

as a regimen, e.g., monthly, bi—monthly,'biannually,
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annually, or in some other regimen, by the skilled
medical practitioner for such time as 1s necessary,
without any undue experimentation required.

Formulations of the invéntiye compounds,
combinations thereof and compositions comprising the same
can be prepared with standard technigues well known to
those skilled in the pharmaceutical, food science,
medical and veterinary arts, 1n the form of a liquid,.
suspension, tablet, capsule, injectable solution or
suppository, for immediéte or slow—reLeése of the active
compounds. | ;

.The carrier may also be a poiyméric delayed
release system. Synthetic polymers are particularly
useful in the formulation of a composition haVing
controlled release. An early example of this was the
polymerization of methyl methacrylate Eﬁto spheres having
diameters less than one micron to form so-called nano
particles, reported by Kreuter, J., Microcapsules and
Nanoparticles in Medicine and Pharmacology, M. Donbrow
(Ed). CRC Press, p. 125-148.

A frequent choice of a carrier for
pharmaceuticals and more recently for antigens is poly
(d,1-lactide-co-glycolide) (PLGA). This is a
biodegradable polyester that has a long history of
medical use in erodible sutures, bone plates and other
temporary prostheseé where i1t has not exhibited any
toxicity. A wide variety of pharmaceuticals have been
formulated into PLGA microcapsules. A body of data has

accumulated on the adaption of PLGA for controlled, for

- example, as reviewed by Eldridge, J.H., et al. Current
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Topics in Microbiology and Immunologyv, 1989, 146:59-66.

The entrapment in PLGA microspheres of 1 to 10 microns in
diameter can have an effect when administered orally.
.The PLGA microencapsulation process uses a phase

S5 separation of a water-in-oil emulsion. The inventive
compound or compounds i1s or are prepared as an agueous
solution and the PLGA is dissolved in a suitable organic
solvents such as methylene chloride and ethyl acetate.
These two immiscible solutions are co-emulsified by high-

10 speed stirring. A non-solvent for the polymer is then
added, causing precipitation of the polymer around the

aqueous droplets to form embryonic microcapsules. The

;L; microcapsules are collected; and stabilized with one of
;.'. an assortment of agents (polyvinyl alcohol (PVA),
3::: 15 gelatin, alginates, methyl celluloée) and the solvent
;33: _ ' removed by either drying in vacuo or solvent extraction.
: o . Additionally, with regard to the preparation of
E‘;: slow—release formulations, reference is made to U.S.

Patent Nos. 5,024,843, 5,091,190, 5,082,668, 4,612,008
. 20 and 4,327,725, hereby incorporated herein by reference.
Additionally, selective proceséin§ coupled with
the identification of cocoa genotypes of interest could
be used to prepare Standard—of-Identit&u(SOI) and non-SQI
. chocolate products as vehicles to deliver the active
?."5 25'copp6undé'to a patient in need of.treatment for the
: disease conditions described above, as well as a means
for the delivery of conserved levels of the inventive
compounds. '
_ In this regard, refereﬁce is made to copending
30 U.S. Application Serial No. 08/709,406, filed September
6, 1996, hereby incorporated herein by reference. USSN
08/709,406 relates to a method of producing cocoa butter
and/or cocoa solids haviné conserved levels of
polyphenols from cocoa beans using a unique combination
35 of processing steps which does not require separate bean
roasting or liquor milling equipment, allowing for the

option of processing cocoa beans without exposure to
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severe thermal treatment for extended periods of time
and/or the use of solvent extraction of fat. The benefit
of this prscess lies in the enhanced conservation of
polyphenols in contrast to that found in traditional
cocoa processing, such that the ratio of the initial
.amount of polyphenol found in the unprocessed bean to _
that obtainable after processing 1is less than or equal to

2.

Compositions used in the invention include one
or more of the.above noted compounds in a formulation
having a pharmaceutically, veterinarily or food science

acceptable carrier or excipient.

Such compositions can be admlnlstered to a
subject or patient in need of such administration in
dosages and by’ techniques well known to those skilled in
the medical,~nutritionai or veterinary arts taking into
consideration the data herein, and such factors as the
age, sex, weight,.genetics and condition of the
particular subject or patient, and the route of
administration, relative concentration of particular
oligomers, and toxicity (e.g., LDgg).

The compositions can be co-administered or

sequentially administered with other
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platelet aggregation inhibiting agents and/or with agents
which reduce or alleviate ill effects of platelet
aggregation inhibiting agents; again, taking into
consideration such factors as the age, sex,. weight,
genetics and condition of the particular subject or
patient, and, the route of administration.

Examples'of compositions of the invention for
human or veterinary use include edible compositions for
oral administration, such solid or liquid formulations,
for instance, capsules, tablets, pills and the like, as
well as chewable solid or beverage'formulations; to which
the present invention may be well-suited since it is from
an edible source (e.g., cocoa or chocdiéte flavored solid
or liquid compositions); liquid preparations for orifice,
e.g., oral, nasal, anal, vaginal etc., administration
such as suspensiohs, syrups or elixirs (including cocoa
or chocolate flavored compositioné); and, preparations
for parental, subcutaneous, intradermal, intramuscular or
intravenous administration (e.g., injectable
administration) such as sterile suspensions or emulsions.
However, the active ingredient in the compositions may
complex with proteins such that when administered into
the bloodstream, clotting may occur due to precipitation
of blood proteins; and, the skilled artisan should take
this into account. In such compositions the active cocoa
extract may be in admixtufe with a suitable carrier,

diluent, or excipient such as sterile water,

this into account. In such compositions the polymeric
compound of formula A may be in admixture with a suitable

carrier, diluent, or excipients such as sterile water.
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physiological saline, glucose, DMSO, ethanol, or the
like. The active cocoa extract of the invention can be
provided in lyophilized form for reconstituting, for
instance, in isotonic aqueous, saline, glucose or DMSO

S buffer. In certain saline solutions, some precipitétion
has been observed; and, this observation may_be employed
as a means to isolate inventive compounds, e.g., by a
"salting out" procedure.

Example 24. describes the preparation of the

10 inventive compounds in a tablet formulation for
application in the pharma;eutical, supplement and food
areas. Further, Example 25 describes the preparation of

the inventive compounds in capsule formulations for

similar applications. Still further, Example 26

f.". 15 describes the formulation of Standard of Identity (SOI)
'kzg. and non-SOI chocolates containing the compounds of the
'i.J: invention or cocoa solids obtained from methods described
A | in copending U.S. Application Serial No. 08/709,406,

hereby incorporated herein by reference.

nous 50 - A

:::: The polymeric compound of formula A, may be provided
ot . in a kit. The kit can include a separate container

containing a suitable carrier, diluent or excipient,

. The kit can also include an additional antimicrobial, or
?‘u, 25 platelet aggregation inhibiting agent and/or an-agent

‘ which reduces or alleviates ill effects of antimicrobial

or platelet aggregation inhibiting agents

30

35
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for co- or sequential-administration. The additional
agent(s) can be provided in separate container(s) or in
admixture with the active cocoa extract. Additionally,
the kit can include instructions for mixing or combining
ingredients and/or administration. ‘
IDENTIFICATION_OF GENES

A A further embodiment of the invention
comprehends the modulation of genes expressed as a result
of intimate cellular contact by the inventive compounds
or a combination of compounds. As such, the present

invention cémptehends methods for the identification of
genes induced or repressed by the polymeric compounds of

formula A, or a combination of compounds which-are
associated with several diseases, including but not
limited to atherosclerosis, hypertension, cancer,
cardiovascular disease,'and inflammation. Specifically,
genes which aré differentially expressed in these disease
states, relative to their expression in “normal”
nondisease states are identified and described before and

after contact by the inventive compounds or a combination

| of compounds.

25

30

As mentioned in the previous discussion, these
diseases and disease states are based'ih part on.free
radical interactions with a diversity of biomolecules. A
central theme in these diseases is that many of. the free
radical reactions involve reactive oxygen species, which
in turn induce physiological conditions involved in
disease progression. For instance, reactive oxygen
species have been implicated in the regulation of
transcription factors such as nuclear factor (NF)-kB.
The target genes for NF-kB comprise a list of genés
linked to coordinated inflammatory response. These
include geneé encoding tumor necrosis factor (TNF)-a,
interleukin (IL)-I, IL-6, IL-8, inducible NOS, Major
Histocompatabilty Complex (MHC) class I antigens, and
others. Aléo, genes that modulate the activity of

transcription factors may in turn be induced by oxidative




-37 -

stress. Oxidative stress is the imbalance between
radical scavenging and radical generating systems.
Several known examples (Winyard and Blake, 1997) of these
conditions include gaddls3 (a gene induced by growth
S arrest and DNA damage), the product of which has been

shown to bind NF-IL6 and form a heterodimer that cannot
bind to DNA. NF-IL6 upregulates the expression of
several genes, including those encoding interleukins 6
and 8. Another example of oxidative stress inducible

10 genes are‘gadd45 which regulates the effects of the
transcription factor p53 in growth arrest. p53 codes for
the pS53 protein which can halt cell division arid induce
abnormal cells (e.g. cancer) to undergo apoptosis.

Given the full panoply of unexpected,

15 nonobvious and novel utilities for the inventive

compounds or combination of compounds for utility in a

e ot diverse array:of diseases based in part by free radiéal

. mechanisms, the invention further comprehends strategies
to determine the temporal effects on gene(s) or gene

. 20 product(s) - expression by the inventive compounds in

.. animal in vitro and/or in vivo models of specific disease

or disease states using gene expression éssays. These

assays include, but are not limited to ﬁifferentiél

Display, sequencing of cDNA libraries, Serial Analysis of

ZS'Gene-Expressiqn (SAGE), expression monitoring hy
hybridization ﬁo higﬁ'density oligonucléotide arrays and
various reverse tfanscriptase—polymerization chain
reaction (RT-PCR) based protocols or their combinations
(Lockhart et al., 1996).

30 The comprehensive physiological effeCtts of the
inventive compounds or combination of compounds embodied
in the invention, coupled to a genetic evaluation proéess
permits the discovery of genes and gene products, whether
known or novel, induced or repressed. For instance, the

35 invention comprehends the in vitro and in vivo induction
and/or repression of cytokines (e.g. IL-1, IL-2, IL-6,
IL-38, IL-12, and TNF-¢) in lymphocytes using RT-PCR.
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Similarly, the invention comprehends the application of
Differential bisplay to ascertain the 1induction ahd/or
repression of select genes; for the cardiovascular area
(2.g. superoxide dismutase, heme oxidase, COX I and 2,
and other oxidant defense genes) under stimulated and/or
oxlidant stimulated conditions (e.g. TNF-a or H,0,)
conditions. For the cancer area, the invention
comprehends the appliéation of Differential Display to
ascertain the induction and/or repression of genes or
gene products such as CuZn-superoxide dismutase, Mn—v
superoxide dismutase, catalase, etc., in control and
oxidant streésed cells. - |

' The following non-limiting Examples are given
by way of illustration only -and are not to be considered
a limitation of this invention, many apparent variations
of which are possible without departing from the spirit

or scope thereof.

EXAMPLES

Example i: Cocoa Source and Method of Preparation

' Several Theobroma cacao genotypes’ which
represent the three recognized horticultural réces of
cocoa (Enriquez, 1967; Engels, 1981) Wéfe obtained from
the-three major cocoa producing origins of the world. A
list of those genotypes used in this study are shown in
Table 1. Harvésted cocoa pods were opened and the beans
with pulp were removed for freeze drying. The pulp was
manually removed from the freeze dried mass and the beans
were subjected to analysis as follows. The unfermented, -
freeze dried cocoa beans were first manually dehulled,
and ground to a fine powdery mass with a TEKMAR Mill.
The resultant mass was then defatted overnight by Soxhlet
extraction using redistilled hexane as the solvent.
Residual solvent was removed from the defatted mass by
vacuum at ambient temperature.

Table 1: Description of Theobroma cacao Source Material

' GENQTYPE ORIGIN HORTICULTURAL RACE
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UIT-1 -Malaysia Trinitario
Unknown West Africa - Forastero -
ICS-100 . Brazil Trinitario

(Nicaraguan Criollo

ancestor)

ICS-39 Brazil Trinitario

(Nicaraguan Criollo

.ancestor)
UF-613 Brazil _ Trinitarid

EEG-48 Brazil Forastero

UF-12 Brazil Trinitario

NA-33 | Brazil Forastero
Example 2: Procyvanidin Extraction Procedures

A. Method 1

Procyanidins were extracted ‘from the defatted,

unfermented, freeze dried éocoa-beans of Example 1 using

‘a modification of the method described by Jalal and

Collin (1977).— Procyanidins were extracted from S0 gram
batches of -the defatted cocoa mass with 2X 400 mL 70%
acetone/deionized water followed by'400mL 70%
methanol/deionized water. The extracts were pooled and
the solvents removed by evaporation at 45°C with a rotary
evaporator held under partial vacuum. The resultant
aqueous phase was diluted to 1L with deionized water and
extracted 2X with 400mL CHCl,. The solvent phase was
discarded. The aqueous phase was then extracted 4X with
S00mL ethyl acetate. Any resultant emulsions were broken
by centrifugation on a Sorvall RC 28S centrifuge operated
at 2,000 xg for 30 min. at 10°C. To the combined ethyl
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acetate extracts, 100-200mL deionized water was added.
The solvent was removed by evaporation at .45°C with a
rotary evaporator held under partial vacuum. The
resultant aqueous phase was frozen in liquid N, followed
by freeze drying on a LABCONCO Freeze Dry System. The
ylelds of crude procyénidins that were obtained from the

different cocoa genotypes are listed in Table 2.

Table 2: Crude Procyanidin Yields

GENQOTYPE ORIGIN YIELDS (g)
UIT-1 ~ Malaysia : 3.81-
Unknown West Africa A 2.55
ICS-100. Brazil ' 3.42
ICS-39 ‘ Brazil : 3.45
UF-613 Brazil 2.98
EEG-48 : Brazil 3.15
UF-12. Brazil 1.21°
NA-33 Brazil 2.23

B. Method 2

- Alternatively, procyanidins are éktracted from
defatted, unfermented, freeze dried cocoa beans of
Example 1 with 70% agueous acetone. Ten grams of
defatted material was slurried with 100 mL solvént for 5-
10 min. The slurry was centrifuged for 15 min. at 4°C at
3000 xg and the supernatant passed through glass wool.
The filtrate was subjected to distillation under partial
vacuum and the resultant agqueous phase frozen in liquid
N,, followed by freeze drying on a LABCONCO Freeze Dry
System. The yields of crude procyanidins ranged from 15--
20%.

Without wishing to be bound by any particular

theory, it is believed that the differences in crude
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yields reflected variations encountered with different
genotypes, geographical origin, horticultural race, and

method of preparation.

-Example 3: Partial Purification of Cocoa Procvanidins

S A. Gel Permeation Chromatoqraqu

Procyanidins obtained from Example 2 were
partially purified by liquid chromatography on Sephadex
LH-20 (28 x 2.5 cm). Separations were aided by a step
gradient from deionized water into methanol. The initial

10 gradient composition started with 15% methanol in
deionized water which was followed step wise every 30
min. with 25% methanol in deionized water, 315% methanol

in deionized water, 70% methanol in desionized water, and

. finally 100% methanol. The effluent following the
;:”: 15 elutiopAof the xanthine alkaloids (caffeine and

-5:3, B theobromine) was collected as a single fraction. The
;.J: fraction yieléed a xanthine alkaloid free subfraction
¢ °

which was submitted to further subfractionation to yield
five subfractions designated MM2A through MM2E. The
20 solvent was removed from eacn subfraction by evaporat;on
R at 45°C with a rotary evaporator held under partial
vacuum. The resultant agueous phase was frozen in liquid
"N, and freeze dried overnight on a LABEéNCO Freeze Dry
: System. A representative gelApermeation chromatogram
I '2S'show;ng-the fractionation is shown in Figure 1.
) ' Appféximately, 100mg of material was subfractionated in

this manner

Chromatographic Conditions: Column; 28 x 2.5 cm Sephadex
30 LH-20, Mobile Pnase: Methanol/Water Step Gradient, 15:85,

25:75, 35:65, 70:30, 100:0 Stepped at 1/2 Hour Intervals,

Flow Rate; 1.5mL/min, Detector; UV at A, = 254 nm and i, =

365 nm, Chart Speed: 0.Smm/min, Column Loéd; 120mg.

B. Semi-preparative High Performance Liguid
/*ﬁ?ﬁﬁs Chromatographv (HPLC)"-
& /
X 4
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Method 1.. Reverse Phase Separation

, Procyanidins -obtained from Example 2 and/or 3A
were partially purified by semi-preparative HPLC. A
Hewlett Packard 1050 HPLC System equipped with a variable
wavelength detector, Rheodyne 7010 injection valve with
1mL injection loop was assembled with a Pharmacia FRAC-
100 Fraction Collector. Separations were effected on a
Phenomenex Ultracarb 10 x .0DS column K250 X<22.5mm)
connected with a Phenomenex 10 up ODS Ultracarb”

(60 x 10 mm) guard column. The mobile phaée composition
was A = water; B = methanol used under the following
linear gradient conditions: ([Time, %A]; (0,85), (60,50),
(90,0), and (110,0) at a flow rate of SmL/min. Compounds
were detected by UV at 254nm

A representative Semi-preparative HPLC trace is

- shown in Figure 5A ' for the separation of procyanidins

present in ﬁréction-D + E. Individual peaks or select
chromatographic-regions were collected on fimed intervals
or manually by fraction collection for further _
purification and subsequent evaluation. Injection loads
ranged from 25-100mg of matérial. ' . |

Method 2. Normal Phase Separation
- 4

Procyanidin extracts -obtained from Examples 2
and/or 3A were partially purified by semi-preparative
HPLC. A Hewlett Packard 1050 HPLC system, Millipore-
Waters Model 480 LC detector set at 254nm was assembled
with a Pharmacia Frac-100 Fraction Collector set in peak
mode. Separations were effected on a Supelco Sum
Supelcosil LC-Si column (250 x 10mm) connected with a
Sﬁpelco Sum Supelguard LC-Si guard column (20 x 4.6mm).
Procyanidins were eluted by a linear gradient under the
following conditions: (Time, %A, %B); (0,82,14), (30,
67.6, 28.4), (60, 46, 50), (65, 10, 86), (70, 10, 86)
followed by a 10 min. re-equilibration. ~Mobile phase
composition was A = dichloromethane; B = methanol; and C
= acetic acid: water (l1:1). A flow rate of 3mL/min was

used. Components were detected by UV at 254nm, and
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”recorded on a Kipp & Zonan BD41l recorder. Injection
.volumes ranged from 100-250uL of 10mg of procyanidin
extracts dissolved in 0.25mL 70% agueous acetone. A
representative semi-preparative HPLC trace is shown .in
5 Figufe 58} Individual peaks or select chrométographic
ré&iohs'wefe collected on timed intervals or manually by
fraction collection for further purification and
subsequent evaluation.
4 HPLC Conditions: 250 x lO0mm Supelco Supelcosil LC-Si
10 - (5um) Semipreparative Column
20 X 4.6mm Supelco Supelcosil LC-Si

:33, (5pm) Guard Column

3 oo Detector: Waters LC
I Spectrophotometer Model
i 15 ~ . 480 @ 254nm

2Tt . Flow rate: 3mL/min,

Column Temperature: ambient,
cgeeet ' Injection: 250uL of 70% agueous
AL ’ acetone extract.
R 20.| Gradient: CH,Cl, Methanol | Acetic
sttt ' Time (min) [ Acid:H,0 (1:1)
R ' 0 ' 82 14 - 4
v 30 1 67.6 28.4 4

60 46 50 4
25 65 10 86 4
70 10 86 4
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The fractions obtained were as follows:

" FRACTION | TYPE

1 .| dimers

2 tfimers

3 tetramers

4 pentamers

5 hexamers

6 | heptamers

7 octamers

8 nonamers

9‘ decamers

10 undecamers

11 _ dodecame;s

12 | higher oligomers

Example 4: .Analvtical HPLC Analz;fénof Procyanidin

Extracts
Method 1. Reverse Phése Separation

‘Pgocyanidin extracts obtained from Example 3
were filtered through a 0.45u filter and analyzed by a
Hewlett Packard 1090 ternary HPLC systém.equipped with a
Diode Array detector and a HP model 1046A Programmable
Fluorescence Detector. Separations were effected at 45°C
on a Hewlett-Packard 5u Hypersil.ODS column (200 x
2.1mm). The flavanols and procyanidins were eldted with
a linear gradient of 60% B into A followed by a column
wash with B at a flow rate of 0.3mL/min. The mobile
phase composition was B = 0.5% acetic acid in methanol

and A = 0.5% acetic acid in nanopure water. Acetic acid
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levels in A and B mobile phaség;can be increased to 2%.
Components were detected by fluorescence, where i_, =
27énm and A, = 316nm and by UV at 280nm. Concentratibns
of (+)-catechin and (-)-epicatechin were determined

5 relative to reference standard solutions. Procyanidin
levels were estimated by using the response factor for (-
) -epicatechin. A representative HPLC chromatogram
showing the separation of the various components is shown
in Figure 2A for one cocoa genotype. Similar HPLC |

10'profiles-wefe obtained from the other cocoa genotypes.

HPLC Conditions: Column: 200 x 2.lmm Hewlett Packard
| Hypersil ODS (5u)

Guard column: 20 x 2.1lmm Hewlett

Packard Hypersil 0ODS (5p)

15 o Detectors: Diode Array @ 280nm
I Fluorescence i, = 276nm;
u.i Aeg = 316nm.
eeee, Flow rate: O.3mL/min.
?'“: - Column Temperature: 45°C
20 Gradient: 0.5% Acetic Acid 0.5% Acetic acid
Time (min) in nanopure water - in methanol
0 100 0
S0 40 60
60 : 0] 100
25
;{ﬁKZQ\
7
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Method 2. Normal Phase Separétion

. Procyanidin extracts obtained from Examples 2
and/or 3 were filtered through a 0.45u filter and .
analyzed by a Hewlett Packard 1090 Series II HPLC systém
5 equipped with a HP model 1046A Programmable Fluo:escehce
detector and Diode Array detector. Separations were
effected at 37°C'on a Sg Phenomenex Lichrosphere® Silica
100 column (250 x 3.2mm) connected to a Supelco '
Supelguard LC-Si S5g guard column (20 x 4.6mm). . ,
10 Procyanidins were elutedAby linear gradient uhder'the.
« following conditions: (Time, %A, %B); (O,'82, 14), (30,
Teee o 67.6, 28.4), (60, 46, 50), (65, 10, 86), (70, 10, 886)
followed by an 8 min. re—équilibration. Mdbile phase

composition was A=dichloromethane, B=methanol, and

. 15 C=acetic acid: water at a volume ratio of 1:1. A flow_
.3::' rate 6f_0.5 mL/min. was used. Components were detected
by fluorescence, where A,, = 276nm and A, o = 316nﬁ or by

geeer UV at 280 nm. A representatlve HPLC chromatogram show1ng

the separation of the various procyanldlns is shown in

:9‘} 20 Figure 2B for one genotype Similar HPLC proflles were
J::: obtained from other cocoa genotypes
_;.": HPLC Conditions:
;Q:i 250 x 3.2mm Phenomenex Lichr"ééphereO Silica 100
SR column (Sg) 20 x 4.6mm

25 | Supelco Supelguard

LC-Si (Sp) guard column
Détectors: Photodiode Array @ 280nm
Fluorescence i,, = 276nm;
| Agm = 316nm.
30 : Flow rate: 0.5 mL/min.

Column Temperature: 37°C
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Gradient: CH,-Cl, Methanol Acetic

Time (min.) Acid/Water'
‘ (1:1)

0 82 14 4

30 , 67.6 . 28.4 _ 4

- 60 46 50 4

65 10 86 4

' 70 10 86 ‘ 4

Example 5?' Identificationlof Procvyanidins

Procyanidins were

purified by liquid

chromatography on Sephadex LH-20 (28 x 2.5cm) columns

-followed by’ semi-preparative

Cli8 (100 x 8mm) column or by
a 5u .Supelcosil LC-S1i (250 x

Partially purified
Fast Atom Bombardment - Mass
VG ZAB-T high resolution MS
Secondary Ion Mass Spectrome
positive and negative ion mo
used as the ionizing source
Matrix" (1:1 dithiothreitol/

the proton donor.

Analytical investi

LSIMS revealed the presence

.0oligomers as shown in Table

Table 3: LSIMS

(Positive Ion)

HPLC using a 10u Bondapak
semi-preparative HPLC using

10mm) column.

isolates were analyzed by
Spectrometry (FAB-MS) on a
system usfhé a - Liquid
try (LSIMS)
des.
at 30kV and a "Magic Bullet

dithicerythritol) was used as

technigue in

A cesium ion gun was

gations of these fractions by

of a number of flavan-3-ol

Data from Cocoa

Procyanidin Fractions




Oligomer (M + 1) * (M + Na) Mol. wt.
m/z | m/z ‘
Monomers | 291 313 290
(catechins) '
55 Dimer (s) 577/579 599/601 | 576/578
Trimer (s) 865/867 887/889 864/866
Tetramer(s) ‘1155 1177 1154
Pentamer (s) 1443 1465 1442
;i Hexamer (s) 1731 1753 1730
N 10 Heptamer (s) - 2041 2018
2 oétamer(s) —— 2329 2306
cseees Nonamef(s) -—- 2617 2594
::: Decamer (s) - 2905 2882
fx:i Undecame:(s) --- —--- 13170
"“; ‘15 Dodecamer(s) -—- - 3458

-48 -

The major mass fragment ions were consistent

with work previously reported for both pdsitive and
negative ion FAB-MS analysis of procyanidins (Self et
20 al., 1986 and Porter et al., 1991).
corresponding to m/z 577 (M+H)* and its sodium adduct at
m/z 599 (M+Na)' suggested the presence of doubly linked

_procyanidin dimers in the isolates.

‘The»ion

It was interesting
to note that the higher oligomers were more likely to
25 form sodium adducts (M+Na)® than their protonated
molecular ions (M+H)®. The procyanidin isomers B-2, B-5
and C-1 were tentatively identified based on the work
reported by Revilla et al. (1991), Self et al. (1986) and
(1991). Procyanidins up to both the

octamer and decamer were verified by FAB-MS in the

Porter et al.
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‘partially purified fractions. Additionally, evidence for

procyanidins up to the dodecamer were observed from

Table 4
lists the relative concentrations of the procyanidins

normal phase HPLC analysis (see Figure 2B).

found. in xanthine alkaloid free isolates based on reverse
phase HPLC analysis. Table 5 lists the relative

concentrations of the procyanidins based on normal phase

HPLC analysis.
Table 4: Relative Concentrations of Procyanidins in the

Xanthine Alkaloid Free Isolates

Compohentr Amount
(+) —catechin 1.6%
'(f)vepicatechin 38.2%

|t B-2 Dimer 11.0%
B-5 Dimer. 5.3%
C-1 Trimer 9.3%
Doubly linked 3.0%
dimers ' o
Tetramer(s) 4.5%
Pentamer-Octamer 24.5%

-Unknowns and ' 2.6%
Ahigher oligomers
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Table 5: Relative Concentrations of Procyanidins in.

Aqueous Acetone Extracts

Component o Amount
(+)—Catéchin and 41.9%
(-) -epicatechin

B-2 and B-5 Dimers | 13.9%
Trimers B 11.3%
Tetramers 9.9%
Pentamers 7.8%
Hexamers o 5.1%
Heptamers 4.2%
"Octamers 2.8%
Nonamers 1.6%
Decamers 0.7%
Undecamers 0.2%
Dodecamers 1<0.1%

Figure 3 shows several procyanidin structures
and Figures-4A-4E show the representative HPLC
chromatograms of the five fractions employed in the
following screening for anti-cancer or antineoplastic
activity. The HPLC conditions for Figs. 4A-4E were as
follows: ‘

HPLC Conditions: Hewlett Packard 1090 ternary

HPLC System equipped with HP Model 1046A

Programmable Fluorescence Detector.

Column: Hewlett Packard Su Hypersil ODS (200 x
2.1lmm) Linear Gradient of 60% B into A at a flow rate of
0.3mL/min. B = 0.5% acetic acid in methanol; A = 0.5%

acestic acid in deionized water. A = 280nm; X = 316nm.
ex / em
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Reference Example 1: Effect of oxidative modification

It is known (Lehrian and Patterson, 1983) that

polyphenol oxidase (PPO) will oxidize polyphenols ddring'
"the fermentation stage. To determine what effect '

enzymatically oxidized polyphehols would have on
activity, another experiment was performed. Crude PPO
was prepared by extracting finely ground, unfermented,
freeze dried, defatted Brazilian cocoa beans with acetone

at a ratio of 1gm poWder to'lOmL acetone. The slurry was

" centrifuged at 3,000 rpm for 15 min. This was repeated

three times, discarding the supernatant each time with
the fourth extraction being poured through a Buchner
filtering funnel. The acetone pbwder was aliowed‘to air
dry, followed by assay according to the procedures
described by McLord and Kilara, (1983). To a solution of
crude polyphenols (100mg/10mL Citrate—Phosphate buffer,
0.02M, pH 5.5) 100mg of acetone powder (4,obo units
aCtivity/mg protein) was added and allowed to stir for‘30

min. with a stream of air bubbled through the slurry.

The sample was centrifuged at 5,000xg for 15 min. and the

supernatant extracted 3X with 20mL ethyl acetate. The

ethyl acetate extracts were combined, taken to dryness by
distillatioﬁ under partial vacuum and SmL water added,
followed by lyophilization. The material was then
assayed against Hela cells and the dose-response compared
to crude polyphenol extracts that were not enzymatically

treated. The results (Figure 5C) showed a significant

shift in the dose-response curve for the enzymatically

oxidized extract, showing that the oxidized products were

more inhibitory than their native forms.
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Example 6: Synthesis of Procyanidins

The synthesis of procyanidins was performed
according to the‘procedures develbped by Delcour et al.
(1983), Qitb modification. In addition to condensing
(+) -catechin with dihydroquercetin under reducing
conditions, (-)-epicatechin was also used to reflect the

high concentrations of (-)-epicatechin that naturally

occur in unfermented cocoa beans. The synthesis products
were iéolated, purified, analyzed, énd_identified by the
. procedures described in Examples 3, 4 and 5. In this
:?:' manner, the biflavanoids, triflavanoids and
E':? tetraflavanoids are prepared and used as analytical
R - standards and, in the manner described above with respect -
é%f} to cocoa extracts. - |
R Exampié?ﬁg a ..HPLC Purificatioh'nethods

Method A. GPC Purification

ettt . Procyanidins obtained as in Example 2 were
.::; 30 partially purified by liquid chromatography on Sephadex
T LH 20 (72.5 x 2.5cm), using 100% methanol as the eluting
solvent, at a flow rate of 3.5mL/min. Fractions of the
eluent were collected ‘after the first 1.5 hours, and the

fractions were concentrated by a rotary evaporator,

®se0e o0
(X )

35 redissolved in water and freeze dried. These fractibns
were referred to as pentamér enriched fractions.
Approximately 2.00g of the extract obtained from Example
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Takile 6: ' Composition of Fractions Obtained:

fraction Monomer Olmer Trimer Tetramer | Pentamer | Hexamer Heptamer Octamer | Manaier - Decamer | Undecamer Others
(Tlme) (X Area) (X Ares) (X Ares) (X Aren) (X Area) (X Area) (X Area) (X Area) (X Area) (X Area) (X Ares) (X Area) :
1:15 73 8 16 3 ND ND ND | ND ND ND | ND ND
1:44 67 19 10 3 : 1 ﬁr - tr tr tr tr tr tr
2:13 30 29 24, 11 4 1 tr | tr tr tr tr tr
2:42 2 16 31 28 15 | 6 2 tr tr tr tr tr
3:11 1 12 17 | 25 | 22 13 7 2 1 tr tr tr
3:40 tr 18 13 18 20 15 10 | s 2 tr tr tr
4:09 tr 6 8 17 21 19 | 14 | 8 4 2 | tr | tr

ND = not detected
tr = trace amount
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Method B. Normal Phase Separation

Procyanidins obtained astxample 2 were

separated purified by normal phase chromatography én

“Supelcosil LC-Si, 100R&, sum (250 x 4.6mm), at a flow rate.

of 1.0mL/min, or, in the alternative, Lichrosphere®
silica 100, 1004, Sum (235 x 3.2mm), at a flow rate of

0.5mL/min. Separations were aided by a step gradient.

underAthe‘followinq conditions: (Time, %A, %B); (0, 82,
14), (30, 67.6, 28.4), (60, 46, 50), (65, 10, 86), (70,
10, 86). Mobile phase composition was A =

dichloromethane; B = methanol; and C = acetic acid:water
(l:i). Components were detected by‘fluofescehce where A,
= 276nm and lem4= 316nm; and by UV at 280nm. The
injection volume was 5.0uL (2Omg/mL)Aof the procyanidins
obtained from Example 2. These results are shown in Fig.
18A and 18B. o |

In the alternative, separations were éided by a

step gradieﬁt under the following conditions: (Time, %A,
$B); (0, 76, 20); (25, 46, 50);.(30, 10, 86). Mobile

phaseAcompositioh was A = dichloromethane; B = methanol;
and C = acetic acid : water (1:1). The reshlts'are shown

in Eig. 19A and 19B.

Method C. Réverse - Phase Sébaration

Procyanidins obtained as in Example 2 were
separéted purified by reverse phase chromatography on
Hewlett Packard Hypersil ODS S5Sum. (200 X 2.1mm),>ahd a
Hewlett Packard Hypersil ODS Sum guard columnA(ZO»x
2.1mm). The procyanidins were eluted with a linear
gradient of 20% B into A in 20 minutes, followed by a
column wash with 100% B at a flow rate of 0.3mL/min. AThe
mobile phase composition was a degassed mixture of B =
1.0% acetic acid in methanol and A = 2.0% acetic acid in
nanopure water. Components were detected by UV at 280nm,
and fluorescence where 1_,, = 276nm and i_, =A316nm; and
the injection volume was 2.0gL (20mg/mL).

Example 8: HPLC Separation of Pentamer Enriched

Fractions
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Method A. Semi-Prepvarative Normal Phase HPLC

The pentamer enriched fractions were further
purified by semi- preparatlve normal phase HPLC by a
Hewlett Packard 1050 HPLC system equipped with a
Millipore - Waters model 480 LC detector set at 254nm,

" which was assembled with a Pharmacia Frac-100 Fraction

Collector set to peak mode. Separations were effected on
a Supelco 5um Supelcosel LC-Si, 1004 column (250 x 10mm)
eonnected with a Supelco Su Supelguard LC-Si guard column

(20 x 4.6mm). Procyanidins were eluted by a linear
gradient under the following conditions: (Time, %A, %B);

(0, 82, 14), (30, 67.6, 28.4), (60, 46, 50), (65, 10,
86), (70, 10, 86) followed by a 10 minute re- |
equilibration., Mobile phase compOSLtlon was A =
dichloromethane; B = methanol; and C = acetic acid:water
(1:1). A flow rate of 3mL/min was used. Components were
detected‘by-UV at 254nm; and recorded on a Kipp & Zonan
BD41 recefder; Injeetion volumes ranged from 100-250ul‘
of 10mg of procyanidin extracts dissolved in 0.25mL 70%
agueous ecetone Individual peaks or select
chromatographlc regions were collected on tlmed intervals
or manually by fractlon collectlon for further
purification and subsequent evaluation. |
HPLC conditions: 250 x 100mm Supelco Supelc0511 LC-Si
| (Sum) Semipreparative Column
20 x 4.6mm Supelco Supelcosil LC-Si
-~ (5um) Guard Column '
Detector: Waters LC
Spectrophotometer Model
480 @ 254nm
Flow rate: 3mL/min.,
Column Temperature: ambient,
Injection: 250uL of pentamer enr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>