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COCOA EXTRACT COMPOUNDS AND METHODS
FOR MAKING AND USING THE SAME

FIELD OF THE INVENTION

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

compounds, as well as to uses for them; for 1nstance, as
antineoplastic agents, antioxidants, DNA topoisomerase 11

enzyme inhibitors, cyclo-oxygenase and/or lipoxygenase
modulators, NO (Nitric Oxide) or NO-synthase modulators,
as non-steroidal antiinflammatory agents, apoptosis
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
References section at the end of the specification,
preceding the claims. These documents pertain to the
fieid of this invention; and, each document cited herein
1s hereby incorporated herein by reference.
BACKGROUND OF THE INVENTION

Polyphenols are an incredibly diverse group of

compounds (Ferreira et al., 1992) which widely occur in a
variety of plants, some of which enter into the food

chain. In some cases they represent an important class
of compounds for the human diet. Although some of the
polyphenols are considered to be nonnutrative, interest

¥ aad

in these compounds has arilisen because of their possible

beneficial effects on health.
For instance, quercetin (a flavonoid) has been shown
to possess anticarcinogenic activity in
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experimental animal studies (Deshner et al., 1991 and
Kato et al., 1983). (+)-Catechin and (-)-epicatechiln
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(flavan-3-ols) have been shown TO inhibit Leukemia virus
reverse transcriptase activity (Chu et al., 1992).
Nobotanin (an oligomeric hydrolyzable 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 1n the tea
producing districts of Japan. Epigallocatechin gallate
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,
proanthocyanidin oligomers have been patented by the
Kikkoman Corporation for use as antimutagens. Indeed,
the area of phenolic compounds in foods and their
modulation of tumor development in experimental animal
models has been recently presented at the 202nd National
Meeting 6f 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
therefrom, or, any uses for cocoa extracts oOr compounds
therefrom, as antineoplastic agents, antioxidants, DNA
topoisomerase II enzyme inhibitors, cyclo-oxygenase
and/or lipoxygenase modulators, NO (Nitric Oxide) or NO-
synthase modulators, as non-steroidal antiinflammatory
agents, apoptosis modulators, platelet aggregation
modulators, bloocd or in vivo glucose modulators,
antimicrobials, or inhibitors of oxidative DNA damage.
OBJECTS AND SUMMARY OF THE INVENTION

since unfermented cocoa beans contailn

15 substantial levels of polyphenols, the present 1nventors

considered it possible that similar activities of and

uses for cocoa extracts, e.g., compounds withilin cocoa,

SUBSTITUTE SHEET (RULE 26)
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could be revealed by extracting such compounds from cocoa
and screening the extracts for activity. The National
Cancer Institute has screened various Theobroma and
Herrania species for anti-cancer activity as part of
thelr 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 skillled artisan away from employing cocoa and its
eXxtracts 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 1inventors decided to apply analogous methods to
prepare samples for antl-cancer screening, contrary to
the knowledge 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 antineoplastic agents.

Additionally, the inventors demonstrate that
cocoa extracts containing procyanidins and compounds from
cocoa extracts have utillity as antineoplastic agents,
antioxidants, DNA topoisomerase II enzyme inhibitors,
cyclo-oxygenase and/or lipoxygenase modulators, NO
(N1tric Oxide) or NO-synthase modulators, as non-
steroidal antiinflammatory agents, apoptosis modulators,
platelet aggregation modulators, blood or in vivo glucose
modulators, antimicrobials, and inhibitors of oxidative
DNA damage.

It 1s an object of the present invention to

provide a method for producing cocoa extract and/or

compounds therefrom.

SUBSTITUTE SHEET (RULE 26)
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It is another object of the invention to
provide a cocoa extract and/or compounds therefrom.

It is still another object of the present
invention to provide a polymeric compound of the formula

5 A,, wherein A 1s a monomer having the formula:

OH

e

10

15

wherein n is an integer from 2 to 18, such that

there is at least one terminal monomeric unit A, and a
20 plurality of additional monomeric units;

R is 3-(a)-0OH, 3-(8)-0OH, 3-(a)=-O-sugar, or 3-
(B) -O-sugar;

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

25 a bond of an additional monomeric unit 1in
position 4 has o or $ 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

10 monomeric unit, bonding of the additional monomeric unit
thereto is at position 4 and Y = Z = hydrogen;

the sugar is optionally substituted with a
phenolic moiety at any position, for instance, via an
ester bond,

35 and pharmaceutically acceptable salts or

derivatives thereof (including oxidation products).

SUBSTITUTE SHEET (RULE 26)
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It 1s still a further object of the present
invention to provide a polymeric compound of the formula
A., wherein A 1s a monomer having the formula:

0O H

OH
Y N

=10 8 ‘
10 \\\»//fihx//’ ™
;ﬁk

A\

5 |
//\

4 .
U H
15
whereln n is an integer from 2 to 18, e.g., 3
to 18;
R 1s 3-(a)-OH, 3=-(B)-0H, 3-(a)-O-sugar, or 3-
(B)-0-sugar;
20 adjacent monomers bind at position 4 by (4-6)
or (4-8) ;

each of X, Y and Z is H, a sugar or an adjacent
monomer, with the provisos that if X and Y are adjacent
monomers, Z 1s H or sugar and if X and Z are adjacent

25 monomers, Y 1s H or sugar, and that as to at least one of

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

a bond at position 4 has a or B

30 stereochemistry;

the sugar 1s optionally substituted with a

phenolic moiety at any position, for instance, via an
ester bond,

and pharmaceutically acceptable salts or

35 derivatives thereof (including oxidation products).

It 1s another object of the invention to

provide an antloxidant composition.

SUBSTITUTE SHEET (RULE 26)
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It is another object of the invention to
demonstrate inhibition of DNA topolsomerase II enzyme
activity.

It is yet another object of the present

invention to provide a method for treating tumors or

cancer.

It is still another object of the invention to
provide an anti-cancer, anti-tumor or antineoplastic
compositions. '

It is still a further object of the invention
to provide an antimicroblal composition.

It is yet another object of the invention to
provide a cyclo-oxygenase and/or lipoxygenase modulating
composition.

It is still another object of the invention to
provide an NO or NO-synthase-modulating compositilon.

It is a further object of the invention to
provide a non-steroidal antiinflammatory composition.

It is another object of the invention to
provide a blood or in vivo glucose-modulating
composition.

It is yet a further object of the invention to
provide a method for treating a patient with an
antineoplastic, antioxidant, antimicrobial, cyclo-
oxygenase and/or lipoxygenase modulating or NO or NO-
synthase modulating non-steroidal antiinflammatory
modulating and/or blood or in vivo glucose-modulating
composition.

It is an additional object of the invention to
provide compositions and methods for inhibiting oxidative
DNA damage.

It is yet an additional object of the invention
to provide compositions and methods for platelet
aggregation modulation.

It is still a further object of the invention
to provide compositions and methods for apoptosis

modulation.

SUBSTITUTE SHEET (RULE 26)

itk b P s s snbbnbl-SnlidP ol



CA 02250792 1998-09-30

WO 97/36497 PCT/US97/05693

10

15

20

25

30

35

7

It 1s a further object of the invention to
provide a method for making any of the aforementioned
compositions.

And, 1t 1s an object of the invention to
provide a kit for use in the aforementioned methods or
for preparing the aforementiocned compositions.

It has been surprisingly discovered that cocoa
extract, and compounds therefrom, have anti-tumor, anti-
cancer or antilneoplastic activity or, is an antioxidant
composition or, inhibits DNA topoisomerase II enzyme
activity or, is an antimicrobial or, is a cyclo-oxygenase
and/or llipoxygenase modulator or, is a NO or NO-synthase
modulator, 1s a non-steroidal antiinflammatory agent,
apoptosis modulator, platelet aggregation modulator or,
1s a blood or in vivo glucose modulator, or is an
inhlibitor of oxidative DNA damage.

Accordingly, the present invention provides a
substantially pure cocoa extract and compounds therefrom.
The extract or compounds preferably comprises
polyphenol(s) such as polyphenol(s) enriched with cocoa
procyanidin(s), such as polyphenols of 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 5 through 12, procyanidin
B-5, procyanidiln A-2 and procyanidin C-1.

The present invention also provides an anti-
tumor, anti-cancer or antineoplastic or antioxidant or
DNA topoisomerase II inhibitor, or antimicrobial, or
cyclo-oxygenase and/or lipoxygenase modulator, or an NO
or NO-synthase modulator, nonsteroidal antiinflammatory

agent, apoptosils modulator, platelet aggregation

modulator, blood or in vivo glucose mocdulator, or
oxldative DNA damage inhibitory composition comprising a
substantially pure cocoa extract or compound therefrom or

synthetlic cocoa polyphenol(s) such as polyphenol (s)

SUBSTITUTE SHEET (RULE 26)
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enriched with procyanidin(s) and a sultable carrier,
e.g., a pharmaceutically, veterinary or food science
acceptable carrier. The extract or compound therefrom
preferably comprises cocoa procyanidiln(s). The cocoa
extract or compounds therefrom is preferably obtained by
a process comprising reducing cocoa beans to powder,
defatting the powder and, extracting and purifying active
compound(s) from the powder.

The present invention further comprehends a
method for treating a patient in need of treatment with
an anti-tumor, anti-cancer, or antineoplastic agent or an
antioxidant, or a DNA topoisomerase II inhibitor, or
antimicrobial, or cyclo-oxygenase and/or lipoxygenase
modulator, or an NO or NO-synthase modulator, non-
steroidal antiinflammatory agent, apoptosis modulator,
platelet aggregation modulator, blood or in vivo glucose
modulator or inhibitor of oxidative DNA damage,
comprising 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 carrier, e.g., a
pharmaceutically, veterinary or food science acceptable
carrier. The cocoa extract or compound therefrom can be
cocoa procyanidin(s); and, is preferably obtained by
reducing cocoa beans to powder, defatting the powder and,
extracting and purifying active compound(s) from the
powder.

Additionally, the present invention provides a
kit for treating a patient in need of treatment with an
anti-tumor, anti-cancer, or antineoplastic agent or
antioxidant or DNA topoisomerase II inhibitor, or
antimicrobial, or cyclo-oxygenase and/or llpoxygenase
modulator, or an NO or NO-synthase modulator, non-
steroidal antiinflammatory agent, apoptosis modulator,
platelet aggregation modulator inhibitor of oxidative DNA
damage, or blood or 1in vivo glucose modulator comprising

a substantially pure cocoa extract or compounds therefrom

SUBSTITUTE SHEET (RULE 26)
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or synthetilc cocoa polyphenol(s) or procyanidin(s) and a
suitable carrier, e.g., a pharmaceutically, veterinary or
food science acceptable carrier, for admixture with the
extract or compound therefrom or synthetic polyphenol(s)
or procyanidin(s).

The present 1nvention provides compounds as
illustrated in Figs. 38A to 38P and 39A to 39AA; and
linkages of 4-6 and 4—-8 are presently preferred.

The 1nvention even further encompasses food
preservation or preparation compositions comprising an
inventive compound, and methods for preparing or
preserving food by adding the composition to food.

And, the invention still further encompasses a
DNA topoilsomerase II inhibitor comprising an inventive
compound and a suiltable carrier or diluent, and methods
for treating a patient in need of such treatment by
administration of the composition.

Considering broadly the aforementioned
embodiments 1nvolving cocoa extracts, the invention also
includes such embodiments wherein an inventive compound
is used instead of or as the cocoa extracts. Thus, the
invention comprehends kits, methods, and compositions
analogous to those above-stated with regard to cocoa
extracts and with an inventive compound.

These and other objects and embodiments are
disclosed or will be obvious from the following Detailed
Description.

BRIEF DESCRIPTION OF THE DRAWINGS

The following Detailed Description will be
better understood by reference to the accompanying
drawlngs wherein:

Fig. 1 shows a representative gel permeation
chromatogram from the fractionation of crude cocoa
procyanidins;

Fig. 2A shows a representative reverse-phase

HPLC chromatogram showing the separation (elution

SUBSTITUTE SHEET (RULE 26)
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profile) of cocoa procyanidins extracted from unfermented
cocoa;

Fig. 2B shows a representative normal phase
HPLC separation of cocoa procyanidins extracted from
unfermented cocoaj;

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;

Figs. 5 and 6A-6D show the dose-response
relationship between cocoa extracts and cancer cells ACHN
(Fig. 5) and PC-3 (Figs. 6A-6D) (fractional survival vs.
dose, ug/mL); M&M2 F4/92, M&MA+E Ul2P1l, M&MB+E Y192P1,
M&MC+E U12P2, M&MD+E U1l2P2;

Figs. 7A to 7H show the typilcal dose response
relationships between cocoa procyanidin fractions A, B,
c, D, E, A+B, A+E, and A+D, and the PC-3 cell line
(fractional survival vs. dose, ug/mL); MM-1A 0212P3, MM-1
B 0162P1, MM-1 C 0122P3, MM-1 D 0122P3, MM-1 L 0292P8,
MM-1 A/B 0292P6, MM-1 A/E 0292P6, MM-1 A/D 0292P6;

Figs. 8A to 8H show the typilcal dose response
relationships between cocoa procyanidiln fractions A, B,
¢, D, E, A+B, B+E, and D+E and the KB Nasopharyngeal /Hela
cell line (fractional survival vs. dose, ug/mL);
MM-1A092K3, MM-1 B 0212K5, MM-1 C 0162K3, MM-1 D 0212K5,
MM-1 E 0292K5, MM-1 A/B 0292K3, MM-1 B/E 0292K4, MM-1 D/E

0292K5;
Figs. 9A to 9H show the typical dose response

30 relationship between cocoa procyanidin fractions A, B, C,

35

D, E, B+D, A+E and D+E and the HCT-116 cell line
(fractional survival vs. dose, pg/mL); MM-1 C 0192H5, D
0192HS, E 0192H5, MM-1 B&D 0262H2, A/E 0262H3, MM-1 D&E
0262H1;

Figs. 10A to 10H show typlcal dose response

relationships between cocoa procyanidin fractions A, B,

c, D, E, B+D, C+D and A+E and the ACHN renal cell line

SUBSTITUTE SHEET (RULE 26)




CA 02250792 1998-09-30

WO 97/36497 PCT/US97/05693

10

15

20

25

30

35

11

(fractional survival vs. dose, pug/mL); MM-1 A 092A5, MM-1
B 092A5, MM~-1 C 0192A7, MM-1 D 0192A7, M&M1l E 0192A7, MM-
1 B&D 0302A6, MM-1 C&D 0302A6, MM-1 A&E 0262A6;

Flgs. 11A to 11H show typical dose response
relationships between cocoa procyanidin fractions A, B,
¢, D, E, A+E, B+E and C+E and the A-549 lung cell line
(fractional survival vs. dose, ug/mL); MM-1 A 019258, MM-
1 B 09256, MM-1 C 019259, MM-1 D 019258, MM-1 F 019258,
A/E 026254, MM-1 B&E 030255, MM-1 C&E N6255;

Figs. 12A to 12H show typical dose response
relationships between cocoa procyanidin fractions A, B,
¢, D, E, B+C, C+D and D+E and the SK-5 melanoma cell line
(fractional survival vs. dose ug/mL); MM-1 A 0212S4, MM-1
B 021254, MM-1 C 0212S4, MM-1 D 0212S4, MM-1 E N32S51,
MM-1 B&C N3252, MM-1 C&D N32S3, MM-1 D&E N32S3;

Figs. 13A to 13H show typical dose response
relationships between cocoa procyanidin fractions A, B,
c, D, E, B+C, C+E, and D+E and the MCF-7 breast cell line
(fractional survival vs. dose, ug/mL); MM-1 A N22M4, MM-1
B N22M4, MM-1 C N22M4, MM-1 D N22M3, MM-1 E 0302M2, MM-1
B/C 0302M4, MM-1 C&E N22M3, MM-1 D&E N22M3:

Flg. 14 shows typical dose response
relationships for cocoa procyanidin (particularly
fraction D) and the CCRF-CEM T-cell leukemia cell line
(cells/mL vs. days of growth; dpen circle 1is control,
darkened circle 1s 125ug fraction D, open inverted
triangle i1s 250ug fraction D, darkened inverted triangle
1s 500ug fraction D) ;

Fig. 15A shows a comparison of the XTT and
Crystal Violet cytotoxicity assays against MCF-7 pl168
breast cancer cells treated with fraction D+E (open
circle 1is XTT and darkened circle is Crystal Violet);

Fig. 15B shows a typical dose response curve
obtalned from MDA MB231 breast cell line treated with
varying levels of crude polyphenols obtained from UIT-1

cocoa genotype (absorbance (540nm) vs. Days; open circle
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is control, darkened circle is vehicle, open 1nverted
triangle is 250ug/mL, darkened 1inverted triangle 1s
100pug/mL, open sqgquare 1s 10ug/mL; absorbance of 2.0 1s

maximum of plate reader and may not be necessarilly

5 representative of cell number);

Fig. 15C shows a typical dose response curve
obtained from PC-3 prostate cancer cell line treated with
varying levels of crude polyphenols obtained from UIT-1
cocoa genotype (absorbance (540nm) vs. Days; open clrcle

10 is control, darkened circle is vehicle, open 1inverted
triangle is 250ug/mL, darkened inverted triangle is
100pg/mL and open square 1s 10ug/mL);

Fig. 15D shows a typical dose-response curve
obtained from MCF-7 plé68 breast cancer cell line treated

15 with varying levels of crude polyphenols obtained from
UIT-1 cocoa genotype (absorbance (540nm) vs. Days; open
circle is control, darkened circle is vehicle, open
inverted triangle is 250upg/mL, darkened inverted triangle
is 100ug/mL, open square is 10ug/mL, darkened square 1S

20 1pg/mL; absorbance of 2.0 is maximum of plate reader and
may not be necessarily representative of cell number);

Fig. 15E shows a typlcal dose response curve
obtained from Hela cervical cancer cell line treated with
varying levels of crude polyphencls obtalned from UlT-1

25 cocoa genotype (absorbance (540nm) vs. Days; open circle
is control, darkened circle is vehicle, open 1inverted
triangle is 250ug/mL, darkened inverted triangle 1S
100ug/mlL;, open square is 10ug/mL; absorbance of 2.0 1s

maximum of plate reader and may not be necessarily

30 representative of cell number);
Fig. 15F shows cytotoxic effects against Hela

cervical cancer cell line treated with different cocoa
polyphenol fractions (absorbance (540nm) Vs. Days; open
circle is 100ug/mL fractions A-E, darkened circle 1s

35 100ug/mL fractions A-C, open inverted triangle 1s
100ug/nmL fractions D&E; absorbance of 2.0 is maximum of

plate reader and not representative of cell number);

WO 97/36497 PCT/US97/05693
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Fig. 15G shows cytotoxic effects at 100ul/mL
against SKBR-3 breast cancer cell line treated wilth
different cocoa polyphenol fractlions (absorbance (540nm)
vs. Days; open circle is fractions A-E, darkened circle
is fractions A-C, open inverted triangle 1s fractions
D&E) ;

Fig. 15H shows typical dose-response
relationships between cocoa procyanidin fraction D+E on
Hela cells (absorbance (540nm) vs. Days; open circle 1s
control, darkened circle is 100ug/mL, open 1nverted
triangle is 75ug/mL, darkened inverted triangle 1is
50ug/mL, open square is 25ug/mL, darkened square 1s
10pg/nmL; absorbance of 2.0 is maximum of plate reader and
is not representative of cell number);

Fig. 151 shows typical dose-response
relationship between cocoa procyanidin fraction D+E on
SKBR-3 cells (absorbance (540nm) vs. Days; open circle 1s
control, darkened circle is 100ug/mL, open 1inverted
triangle is 75ug/mL, darkened inverted triangle 1s
50ug/mL, open square is 25ug/mL, darkened square 1s
10ug/mL) ;

Fig. 15J shows typilcal dose-response
relationships between cocoa procyanidin fraction D+E on
Hela cells using the Soft Agar Cloning assay (bar chart;
number of colonies vs. control, 1, 10, 50, and 100ug/mL);

Fig. 15K shows the growth inhibition of Hela
cells when treated with crude polyphenol extracts
obtained from eight different cocoa genotypes (% control
vs. concentration, ug/mL; open circle 1s C-1, darkened
circle is C-2, open inverted triangle 1s C-3, darkened
inverted triangle is C-4, open square 1s C-5, darkened
square is C-6, open triangle is C-7, darkened trlangle 1s
C-8; C-1 = UF-12: horti race

is crude extracts of UF-12 (Brazil) cocoa polyphenols

Trinitario and description

(decaffeinated/dethecbrominated); C-2 = NA-33: horti
race = Forastero and description 1s crude extracts of NA-

33 (Brazil) cocoa polyphenols (decaffeinated/
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detheobrominated); C-3 = EEG-48: hortl race = Forastero
and description 1s crude extracts of EEG-48 (Brazil)
cocoa polyphenols (decaffeinated/detheobrominated); C-4 =
unknown: hortl race = Forasterc and description is crude
extracts of unknown (W. African) cocoa polyphenols
(decaffeinated/detheobrominated); C-5 = UF~613: horti
race = Trinitario and description is crude extracts of
UF-613 (Brazil) cocoa polyphenols (decaffeinated/
detheobrominated); C=-6 = ICS~100: horti race = Trinitario
(to Nicaraguan Criollo ancestor) and description is crude
extracts of ICS-100 (Brazil) cocoa polyphenols
(decaffeinated/detheobrominated); C-7 = ICS-139: horti
race = Trinitario (Nicaraguan Criollo ancestor) and
description 1s crude extracts of ICS-139 (Brazil) cocoa
polyphenols (decaffeinated/detheobrominated); C-8 = UIT-
1: horti race = Trinitario and description 1s crude
extracts of UIT-1 (Malaysia) cocoa polyphenols
(decaffeinated/detheobrominated) ;

Fig. 15L shows the growth inhibition of Hela
cells when treated with crude polyphenol extracts
obtained from fermented cocoa beans and dried cocoa beans
(stages throughout fermentation and sun drying; % control
vs. concentration, ug/mL; open circle is day zero
fraction, darkened circle 1is day 1 fraction, open
inverted triangle 1is day 2 fraction, darkened inverted
triangle is day 3 fraction, open square 1is day 4 fraction
and darkened square 1is day 9 fraction); ‘

Fig. 15M shows the effect of enzymatically
oxidized cocoa procyanidins agalnst Hela cells (dose
response for polyphenol oxidase treated crude cocoa
polyphenol; % control vs. concentration, ug/mL; darkened
square 1s crude UIT-1 (with caffeine and theobromine),
open circle crude UIT-1 (without caffeine and
theobromine) and darkened circle 1s crude UIT-1

(polyphenol oxidase catalyzed);
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Fig. 15N shows a representative semi-
preparative reverse phase HPLC separation for combined
cocoa procyanidin fractions D and E:

Fig. 150 shows a representative normal phase
seml-preparative HPLC separation of a crude cocoa
polyphenol extract;

Fi1g. 16 shows typical Rancimat Oxidation curves
for cocoa procyanidin extract and fractions in comparison
to the synthetlc antioxidants BHA and BHT (arbitrary
units vs. time; dotted line and cross (+) is BHA and BHT;
* 1s D-E; X 1s crude; open square is A-C; and open
diamond 1s control);

Fig. 17 shows a typical Agarose Gel indicating
inhibition of topoisomerase II catalyzed decatenation of
kinetoplast DNA by cocoa procyanidin fractions (Lane 1
contains 0.5ug of marker (M) monomer-length kinetoplast
DNA circles; Lanes 2 and 20 contain kinetoplast DNA that
was 1lncubated with Topoisomerase II in the presence of 4%
DMSO, but 1n the absence of any cocoa procyanidins.
(Control -C); Lanes 3 and 4 contain kinetoplast DNA that
was 1ncubated with Topoisomerase II in the presence of
0.5 and 5.0ug/mL cocoa procyanidin fraction A; Lanes 5
and 6 contaln kinetoplast DNA that was incubated with
Topoisomerase II in the presence of 0.5 and 5.0ug/mL

cocoa procyanidin fraction B; Lanes 7, 8, 9, 13, 14 and

15 are replicates of kinetoplast DNA that was incubated

with Topoisomerase II in the presence of 0.05, 0.5 and
5.0ug/mL cocoa procyanidin fraction D; Lanes 10, 11, 12,
16, 17 and 18 are replicates of kinetoplast DNA that was
incubated with Topoisomerase II in the presence of 0.05,
0.5, and 5.0ug/mL cocoa procyanidin fraction E; Lane 19
1s a replicate of kinetoplast DNA that was incubated with
Topolsomerase II in the presence of 5.0upg/mL cocoa

procyanidin fraction E);

Fig. 18 shows dose response relationships of

cocoa procyanidin fraction D against DNA repair competent

and deficient cell lines (fractional survival vs. uwg/mi;

SUBSTITUTE SHEET (RULE 26)

[V NP I —————



CA 02250792 1998-09-30

WO 97/36497 PCT/US97/05693

10

15

20

25

30

35

16

left side xrs-6 DNA Deficient Repailr Cell Line, MM-1 D
D282X1; right side BR1 Competent DNA Repailr Cell Line,
MM-1 D D282B1l);

Fig. 19 shows the dose-response curves for
Adriamycin resistant MCF-7 cells in comparilson to a MCF-7
pl68 parental cell line when treated with cocoa fraction
D+E (% control vs. concentration, ug/mL; open circle 1s
MCF-7 pl168; darkened circle is MCF-7 ADR);

Figs. 20A and B show the dose-response effects
on Hela and SKBR-3 cells when treated at 100 ug/mL and 25
ug/mL levels of twelve fractions prepared by Normal phase
semi- preparative HPLC (bar chart, % control vs. control

and fractions 1-12);

Fig. 21 shows a normal phase HPLC separation of
crude, enriched and purified pentamers from cocoa
extract;

Figs. 22A, B and C show MALDI-TOF/MS of
pentamer enriched procyanidins, and of Fractions A-C and
of Fractions D-E, respectively;

Fig. 23A shows an elution profile of oligomeric
procyanidins purified by modified semi-preparative HPLC;

Fig. 23B shows an elution profile of a trimer
procyanidin by modified semi-preparative HPLC;

Figs. 24A-D each show energy minimized
structures of all (4-8) linked pentamers based on the
structure of epicatechin;

Fig. 25A shows relative fluorescence of
epicatechin upon thiolysis with benzylmercapten;

Fig. 25B shows relative fluorescence of
catechin upon thilolysis with benzylmercapten;

Fig. 25C shows relative fluorescence of dimers
(B2 and B5) upon thiolysis with benzylmercapten;

Fig. 26A shows relative fluorescence of dimer
upon thiolysis;

Fig. 26B shows relative fluorescence of B5
dimer upon thiolysis of dimer and subsequent

desulphurization;
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Fig. 27A shows the relative tumor volume during
treatment of MDA MB 231 nude mouse model treated with
pentamer;

Fig. 27B shows the relative survival curve of
pentamer treated MDA 231 nude mouse model;

Fig. 28 shows the elution profile from halogen-
free analytical separation of acetone extract of
procyanidins from cocoa extract;

Fig. 29 shows the effect of pore size of
stationary phase for normal phase HPLC separation of
procyanidins;

Fig. 30A shows the substrate utilization during
fermentation of cocoa beans;

Fig. 30B shows the metabolite production during
fermentation;

Fig. 30C shows the plate counts during
fermentation of cocoa beans;

Fig. 30D shows the relative concentrations of
each component 1n fermented solutions of cocoa beans;

Flg. 31 shows the acetylcholine-induced
relaxation of NO-related phenylephrine-precontracted rat
aorta;

Fig. 32 shows the blood glucose tolerance
profiles from various test mixtures;

Figs. 33A-B show the effects of indomethacin on
COX-1 and COX-2 activities;

Figs. 34A-B show the correlation between the
degree of polymerization and IC., vs. COX=-1/COX-2 (uM);

Fig. 35 shows the correlation between the
effects of compounds on COX-1 and COX-2 activities
expressed as uM;

Flgs. 36A-V show the IC., values (uM) of samples
contalning procyanidins with COX-1/COX-2:

Fig. 37 shows the purification scheme for the
isolation of procyanidins from cocoa:

F1g. 38A to 38P shows the preferred structures
of the pentamer;
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Figs. 39A-AA show a library of stereolisomers of

pentamers;

Figs. 40A-B show 70 minute gradients for
phase HPLC separation of procyanidins, detected by
fluorescence, respectively;

Figs. 41A-B show 30 minute gradients for
phase HPLC separation of procyanidins, detected by
fluorescence, respectively;

Fig. 42 shows a preparation normal phase
separation of procyanidins;

Figs. 43A-G show CD (circular dichrolsm)
spectra of procyanidin dimers, trimers, tetramers,
pentamers, hexamers, heptamers and octamers,

respectively;

normal
UV and

normal
UV and

HPLC

Fig. 44A shows the structure and.lH/13C NMR data

for epicatechin;

Figs. 44B-F show the APT, COSY, XHCORR,
13¢c NMR spectra for epicatechiln;

lH and

Fig. 45A shows the structure and.lH/13C NMR data

for catechin;

Figs. 45B~E show the 'H, APT, XHCORR and COSY

NMR spectra for catechin;

Fig. 46A shows the structure and lH/l"’c NMR data

for B2 dimer;

Figs. 46B-G show the 13c, ApPT, 'H, HMQC, COSY

and HOHAHA NMR spectra for the B2 dimer;

Fig. 47A shows the structure and lH/13C NMR data

for BS dimer;

Figs. 47B-G show the 'H, *°C, APT, COSY, HMQC

and HOHAHA NMR spectra for BS5 dimer;

Figs. 48A-D show the 'H, COSY, HMQC and HOHAHA

NMR spectra for epicatechin/catechin trimer;

Figs. 49A-D show the 'H, COSY, HMQC and HOHAHA

NMR spectra for epicatechin trimer;

Figs. 50A and B show the effects of cocoa

procyanidin fraction A and C, respectively, on blood

pressure; blood pressure levels decreased by 21.43%

SUBSTITUTE SHEET (RULE 26)




10

15

20

25

30

CA 02250792 2011-03-28

19

within 1 minute after administration of fraction A, and
returned to normal after 15 minutes, while blood pressure
decreased by 50.5% within 1 minute after administration
of fraction C, and returned to normal after 5 minutes;

Fig. 51 shows the effect of cocoa procyanidin
fractions on arterial blood pressure in anesthetized
gulnea pl1gs;

Fig. 52 shows the effect of bradykinin on NO
production by HUVEC;
Fig. 53 shows the effect of cocoa procyanidin

fractions on macrophage NO production by HUVEC;

F

Fig. 54 shows the effect of cocoa procyanidiln

fractions on macrophage NO production;

Fig. 55 shows the effect of cocoa procanidin
fraction on LPS induced and gamma-Interferon primed
macrophages.

Fig. 56 shows a micellar electrokinetic
capillary chromatographic separation of cocoa procyanidiln
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