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1

COCOA EXTRACTS CONTAINING
SOLVENT-DERIVED COCOA POLYPHENOLS
FROM DEFATTED COCOA BEANS

This application is a continuation of Ser. No. 09/975,242,
filed Oct. 11, 2001, now U.S. Pat. No. 6,517,841, which is
a continuation of Ser. No. (9/768,473 filed Jan. 24, 2001
now 1S, Pat. No. 6,562,863, which is continuation of Ser.
No. 09/172,873 filed Oct. 15, 1998, now US. Pat. No.
6,225,338 issued May 1, 2001, which is a division of Ser.
No. 08/839,446 filed Apr. 14, 1997, now U.S. Pat. No.
5,891,905 issued Apr. 6, 1999, which is a division of Ser. No.
08/687,885 filed Jul. 26, 1996, now U.S. Pat. No. 5,712,305
issued Jan, 27, 1998, which is a division of Ser. No.
08/317,226 filed Oct. 3, 1994, now U.S. PaL No. 5,554,645
issued Sep. 10, 1996,

FIELD OF THE INVENTION

This invention relates to cocoa extracts such as polyphe-
nols preferably polyphenols eariched with procyanidins.
This inveation also relates to methods for preparing such
extracts, as well as to uses for them; for instance, as
antincoplastic agents and anticzidants.

Documents are cited in this disclosure with a full citation
{or each appearing in a References section at the end of the
specification, preceding the claims. These documents per-
tain to the field of this invention; and, each document cited
herein is hercby incorporated herein by reference.

BACKGROUND O THE INVENTION

Polyphenols are an incredibly diverse group of com-
pounds (Ferreira et al, 1992) which widely occur in 2
variety of plants, some of which enter into the food chain. In
some cases they represent an important class of compounds
for the buman diet. Although some of the polyphenols are
considered to be nonnuirative, interest in these compounds
has ‘arisen because of their possible beneficial cffects on
health. For instance, quercitin (a flavonoid) bas been shown
to possess anticarcinogenic activity in experimental animal
studies (Deshner et al., 1991 and Kato et al,, 1983). (+)
Catechip and (-)-epicatechin (flavan-3-ols) have .been
shown to inhibit Leukemia virus reverse transcriptase activ-
ity (Ch et al., 1992). Nobotanin (an oligomeric kydrolyz-
able tannin) has also been shown to possess anti-tumor
achvily {Okuda et al., 1992). Statistical reports have also
shown that stomach cancer modtality is significantly fower in
the tea producing districts of Japan. Epigallocatechin gallate
itas been reported to be the pharmacologically active mate-
rial in green tea that inhibits mouse skin tumors (Okuda et
al,, 1992). Ellagic acid has also been shown to possess
anticarcinogen activity in varfous animal fumor models
(Bukharta et at., 1992). Lastly, proanthocyanidin oligomezs
have been patented by the Kikkoman Corporation for use as
antimutageris. Indeed, the arca of phenolic compounds in
foods and their modulation of tumor development in experi-
mental animal models has been recently presented at the
202nd National Meeting of The American Chemical Society
(Ho et al., 1992; Huang ot al., 1992).

However, none of these reports ieaches or suggests cocoa
extracts, any metiods for prepanag such extracts, o, any
uses as antineoplastic agents for cocoa exfracts.

Since unfermented cocos beans contain substantial levels
of polyphenels, the present inventors considered it possible
that similar activitics of and uses for cocoa extracts, e.g.,
compounds within cocos, could be revealed by extracling
such compounds from cocoa and screening the extracts for
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aclivity. The National Cancer astitute has screened various
Theobroma and Herrania species for anti-cancer activity as
part of their massive nateral product selection program. Low
levels of activity were reported in some exiracts of cocoa
tissues, and the work was not pursued. Thus, in the antine-
oplastic or anti-cancer art, cocos and its extracts were not
deemed to be useful; i.c., the teachings in the antineoplastic
or anti~cancer ari lesd the shilled artisan away from employ-
ing cocoa and its extracts as cancer therapy. Since a number
of analytical procedures were developed to study the con-
tributions of cocoa polyphenols to flaver development
(Clapperton <t al,, 1992), the present inventors decided to
apply analogous methods to prepare samples for anti-cancer
scTeetng, 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 sceeening, the
present inventors discovered that cocoa polyphencl exiracts
which contain procyanidins, have significant utility as anti-
cancer or antineoplastic agents. Additionally, the mventors
demonstrate that cocoa extracts containing procyanidins
have utility as antioxidants.

OBIECTS AND SUMMARY OF THE
INVENTION

It is an object of the present invention to provide a method
for producing cocoa extract.

It is another object of the invention to provide a cocoa
extract.

It is another object of the invention to provide an anti-
oxtdanl composition.

It is another object of the invention to demonstrate
inhibition of DNA topoisomerase Il enzyme activity.

It is yet another object of the present invention to provide
a method for treating tomors or cancer.

It is still another object of the invention 1o provide an
anti-cancer, anti-mmor or antireoplastic composition.

It is a further object of the invention 1o provide a method
for making an anti-cancer, enti-tumor or antineoplastic com-
position.

And, it is an object of the invention to provide a kdi for use
i lFeAting fWMOrs OF Cancer.

It has been surprisingly discovered that cocoa extract bas
apli-tumor, anti<cancer or anlincoplastic activity; or, is an
amtioxidant composition or, inhibits DNA topoisomerase 11
enzyme activity. Accordingly, the present invention provides
a substantially pure cocoa extract. The exiract preferably
comprises polyphenol{s) such as polyphenoks) eonniched
with cocoa procyanidins), such as polyphenocls of at least
one cocoa procyanidin selected from (~) epicatechin, pro-
cyanidin B-2, procyanidin oligomers 2 through 12, prefer-
ably 2 through 5 or 4 through 12, procyanidin B-5, procya-
mdin A-2 and procyanidin C-1. The present invention also
provides an anti-tumor, anti<cancer or antineoplastic or
entioxidant or DNA topoisomerase I inhibitor composition
comprising a substantially pure cocoa extract or synthetic
cocoa polyphenol(s) such as polyphenol{s) enriched with
procyanidin(s) and a suitable carrier. The extract preferably
comprises cocoa procyanidin(s). The cocos extract is pref-
erably obtained by a process comprising reducing cocoa
beans to powder, defatting the powder and, extracting active
compound(s) from the powder.

The present invention further comprebends a method for
treating a patient in need of treatment with aa aati-tumor,
anti-cancer, or antincoplastic agent or an antioxidant or &
DNA topoisomerase 1] intibitor comprising administering to
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the patient a composition comprising an effective quantity of
a substantially pure cocoa extract or synthetic cocoa
polyphenok(s} or procyanicding{s) and a carrier. The cocoa
extract can be cocoa procyanidin{s) and, is preferably

ablained by reducing cocos beans to powder, defatting the s

powder and, exiracting active compound(s) from the pow-
der.,

Additionally, the preseni invention provides a kit for
treating & patient in need of treatment with an anti-tumor,
anti-cancer, or antineoplastic agent or aptioxidant or DNA
topoisomerase IT inbibitor comprising & substantially pure
cocoaz extract or synthetic' cocoa polyphenol(s) or
procyanidings) and a suitable carrier for admixtre with the
extract or synthetic polyphenol(s) or procyanidin(s).

These and other abjects and embodiments are disclosed o
will be obvious from the following Detailed Descripiion.

BRIEF DESCRIFTION OF THE DRAWINGS

The following Detailed Description will be better uander-
stood by reference o lhe accompanying drawings wherein:

FIG. 1 shows a representative gel permeation chromato-
gram from the fractionalion of crude cocoa procyanidins,

FIG. 2A shows a representative reverse-phase HPLC
chromatogram showing the separation (elution profite) of
cocoa procyanidins extracted from unfermented cocoa;

FIG. 2B shows & representative nommal phase HPLC
separation of cocoa procyanidins extracted from unfer-
mented Cocoa;

FIG. 3 shows several representative procyanidin struc- 3

tures;

FIGS. 4A-4E show represcntative HPLC chromatograms
of five fraclions employed in screening for anti-cancer or
antineoplastic aclivity;

FIGS. 5 and 6A—6D show the dose-response relationship
between cocna extracts and cancer colis ACHN (FIG. 5) acd
PC-3 (FIGS. 6A-6D) (fractional survival vs. dose, ug/ml);
M&M2 F4/92, M&MA+E U121, M&MB+E Y192P1,
MEMC4E U12P2, M&MD+E U12P2; ’

FIGS. 7A to TH show the typical dose response relation-
ships 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, pg/mi);, MM-1A 0212P3, MM-1 B
0162P1, MM-1 C 0122P3, MM-1 D 0122P3, MM-1 E
0292P8, MM-1 A/B 0292P6, MM-1 A/E 0292P6, MM-1
A/MD G292P6; '

FIGS. 8A to §H show the typical dose response relation-
ships between cocoa procyanidin fractions A, B, C, D, E,

A+B, B+E, and D+E and the KB Nasopharyngeal/Hel.a 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 B/E 0292K5;

FIGS. 9A to 9H show the typical dose response relation-
ship between cocoa procyanidin fractions A, B, C, I, E,
B+D, A+E and D+E and the HCT-116 cell line (fractional
survival vs. dose, pg/mly;, MM-1 C 0192H5, D 0192H5, E
0192H5, MM-1 B&D 0262H2, A/E 0262513, MM-1 D&E
0262H1;

FIGS. 10A to 10H show typical dose response relation-
ships between cocoa procyanidin fractions A, B, C, I, E,
B+D, C+D) and A+E and the ACHN renal cell line (fractional
survival vs. dose, pgiml)y; MM-1 A 092A5, MM-1 B 092A5,
MM-1 C (19247, MM-1 D 0192A7, M&M1 E (192A7,
MM-1 B&D 0302A6, MM-1 C&D 0302A6, MM-1 A&E
0262A6;
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FIGS. 11A to 11H show typical dose response relation-
ships between cocoa procyanidin fractions A, B, C, D, E,
A+E, B+E and C+E and the A-549 lung cell line (fractional
survival vs, dose, pg/ml); MM-1 A (019258, MM-1 B (9256,
MM-1 C (19259, MM-1 D 019258, MM-1 E 019258, A/E
026254, MM-1 B&E 030255, MM-1 C&E N6255;

FIGS. 12A 1o 12H show Lypical dose response relation-
ships between cocoa procyanidin fractions A, B, C, D, E,
B+C, C4D and D4+E and the SK.5 oelapoma cell fine
(fractional survival vs. dose gg/ml)y, MM-1 A 021254,
MM-1 B 021254, MM-1 C 021284, MM-1 b 021254, MM-1
E N3251, MM-1 B&C N3252, MM-1 C&D N32583, MM-1
D&E N3283;

FIGS, 13A o 13H show typical dose response relation-
ships between cocoa procyanidin fractions A, B, C, D, E,
B+C, C+E, and D+E and the MCF-7 breast cell line
(fractiopal survival vs. dose, ug/ml), MM-1 A N22ZM4,
MM-1 B N2ZM4, MM-1 C N22M4, MM-1 D N22M3,
MM-1 E 0302M2, MM-1 B/C 0(302M4, MM-1 C&E
N22M3, MM-1 D&E NZZM3,

FIG. 14 shows typical dose response relationships for
cocoa procyanidin {particularly fraction D} and the CCRF-
CEM 'F—oc].l levkemia cell line {(celts/ml vs, days of growth;
open circle is control, darkened circle is 125 ug fraction D,
open inverted triangie is 250 ug fraction D, darkened
inverted triangle is 500 ug fraction D),

FIG. 15A shows a comparison of the XTT and Crystal
Violet cytotoxicity assays against MCF-7 p168 breast cancer
cells treated with fraction D+E (open circle is XTT and
darkened circle is Crystal Vialet);

FIG. 15B shows a typical dose response ¢urve obtained
from MDA MB231 breast cell line treated with varying
levels of crude polyphenols obtained from UTT-1 cocoa
geooiype (absorbance {340 nm) vs. Days; open circle is
conirol, darkened circle is vehicle, open inverted triangle is
250 pg/ml, darkened invened triangle is 100 ug/ml, open
square is 10 pug/ml; absorbance of 2.0 is maximum of plate
reader -and may not be pecessarily representative of cell
nomber);

F1G. 15C shows a typical dose response curve obtained
from PC-3 prostate cancer cell line treated with varying
levels of crude polypbenols obtained from UIT-1 cocoa
genotype (absorbance (540 nm) vs. Days; open circle is
control, darkened circle is vehicle, open inverted triangle is
250 pg/ml, darkened inverted triangle is 100 ug/m] and open
square is 10 pg/mi);

FIG. 15D shows a typical dose-tesponse curve obtained
from MCF-7 pl168 breast cancer cell hine treated with
varying levels of crude polyphenols obtained from UIT-1
coona genotype (absorbance (540 nm) vs. Days; open circle
is control, darkened circle is vehicle, open mverted triangle
is 250 ug/ml, darkered inverted triangle is 1(§) ug/ml, open
square is 10 gg/ml, darkened square is 1 pg/mi; absorbance
of 2.0 is maximum of plate reader and may not be neces-
sarily representative of cell nvmber);

FIG. 15E shows a typical dose response corve obtaimed
from Heta cervical cancer cell line treated with varying
levels of crude polyphenols oblained from UTT-1 cocoa
genotype (absorbance (540 nm) vs. Days; open circle is
control, darkened circle is vehicle, open inverted triangle is
250 ug/mi, darkened ipvened triangle is 100 pg/ml, open
square is 10 pg/ml; absorbance of 2.0 is maximum of plate
reader and may nod be necessarily representative of cell
numbery,

FIG. 15F shows cytotoxic effects against Hela cervical
cancer cell line treated with different cocoa polyphenol
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fractions (absorbance (540 nm) vs. Days; open circle is 100
ug/ml fractions A-E, dackened circle is 100 pg/ml fractions
A~C, open inverted triangle is 100 pug/m! fractions D&E;
absarbance of 2.0 is maximum of plate rader and not
representative of cell number);

FIG. 15G shows cytoloxic effects at 100 ul/ml against
SKBR-3 breast cancer cell line treated with differest cocoa
potyphenol fractions (absorbance (540 nm) vs. Days; open
circle is fractions A-E, darkened circle is fractions A-C,
open inverted tiangle is fractions D&L),

FIG. 15H shows typical dosc-response relationships
between cocoz procyanidin fraction D+E on Hela cells
{absorbance (340 nm) vs. Days; open circle is control,
darkened circle is 100 gug/ml, open ioveried triangle is 75
ng/ml, darkened inverted triangle is 50 gg/mi, apen square
is 25 pg/ml, darkencd square is 10 ug/ml; absorbance of 2.0
is maximum of plate reader and is pot representative of cell
oumber);

FIG. 151 shows typical dose-response relationship
between cocoa procyanidin fraction D+E on SKBR-3 cells
{absorbance (540 nm) vs. Days; open circle is control,
darkened circle is 100 pg/ml, open inverted triangle is 75
ng/ml, darkened inverted triangle is 50 pqg/mi, open square
15 25 pg/ml, darkened square is 10 ug/ml);

FIG. 18] shows typical 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 100 geg/ml);

F1G. 18K shows the growth inhibition of Hela cells when
rreated with crude polyphenol extracts obtained from eight
different cocna genotypes (% coatrol vs. conceatration,
pgiml; open circle is C-1, darkened circle is C-2, open
inverted iriangie is C-3, darkened inverted triangle is C-4,
open square is -5, darkened square is C-6, open triangle is
C-7, darkened triangle is C-8; C-1=UF-12: horli race=
Criolio and descriplion is crude extracis of UF-12 (Brazil)
cocoa polyphenols (decaffeinated/dethecbrominated); Co2=
NA-33: horti race=Forastero and description is crude
extracts of NA-33 (Brszil) cocoa polyphenols
(depaffeinated/detheobrominated); C-3=EEG-48: horti
race=Forastero and description is crude extracts of EEG-48
{Brazil) cocoa polyphenols (decaffeinated/
detheobrominated)y;, C-4=unknown: horti race=Forastero and
description is crude extracts of unknown (W. African) cocoa
polyphenols . (decafleinated/detheobrominated); C.5=UF-
613: horti race=Trinitario and description is crude extracts of
UF-613 (Brazil) cocoa polyphenols (decaffeinated/
detheobrominated); C-6mlCS-100: horti race=Trinitario and
description is crude extracts of 1CS-100 (Brazil) cocoa
polyphenols {decaffeinated/dethecbrominated); C-7=1CS-
139: horti race=Trinitario and description is crude extracts of
1CS-139 (Brazil) cocos polypbenols (decaffeinated/
detheobrominated); C-8=UIT-1: horti race=Trinitario and

description is crude extracts of UIT-1 (Malaysia) cocoa ;

polyphenals {(decaffeinated/dethecbrominarted));

FIG. 151 shows the growih inhibition of Hela cells when
treated with crude polypbenol extracts obtained from fer-
mented cocoa benns and dried cocoa beans (slages through-
out’ fermentation and sun drying; % coatrof vs.
conceniration, pg/ml; open circle is day zero fraction, dark-
ened circle is day 1 fraction, open inverted triangke is day 2
fraction, derkened inverted triangle is day 3 fraction, open
square is day 4 fraction and darkened square is day 9
fraction);

FIG. 15M shows the effect of enzymically oxidized cocoa
procyanidins against Hela cells {dose response for polyphe-
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nol oxidase treated crude cocoa polyphenol, % conimol vs.
concentration, ug/ml; darkened square is crude UIT-1 (with
caffeine and theobromine), open circle crude U1 (without
caffeine and theobromine) and darkened circle is crude
UTT-1 (polyphencl oxidase catalyzed));

FIG. 15N shows a represeatative semi-preparalive reverse
phase HPLC separation for combined cocoa procyunidin
fractions D and E;

FIG. 150 shows a representative narmal phase semi-
preparative HPLC separation of a crude cocor polyphenol
extract;

FIG. 16 shows typical Ragcimat oxidation curves for
cocoa procyanidin extract and fractions in comparison to the
synthetic antioxidants BHA and BHT (arbitrary units vs.
tiree; dotted line and cross (+) is BHA and BHT; * is D-E;
x is crude; open square is A—C; and open diamond is
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 05 ug
of marker (M) monomer-length kinetoplast DNA circles;
Lanes 2 and 20 contain kinetoplast DNA that was incubated
with Topoisomerase IT in the presence of 4% DMSO, but in
the absence of any cocoa procyanidins, {Control -C); Lanes
3 and 4 contain kinetoplast DNA that was incubated with
Topoisomerase H in the presence of 0.5 and 5.0 pg/mi. cocoz
procyanidin fraction A; Lanes 5 and 6 contain kinetoplast
DNA that was incubaled with Topoisomerase I in the
presence of 0.5 and 5.0 yg/mL cocoa precyanidin fraction B;
Lanes 7, 8, 9, 13, 14 and 15 are replicates of kinetoplast
DNA ithat was incubated with Topoisomerase 1 in the
presence of 0.05, 0.5 and 5.0 ug/mL cocon procyanidin
fraction D; Lages 19, 11, 12, 16, 17 and 18 are replicates of
kinetoplast DNA that was incubated witk Topoisomerase 11
in the presence of 0.05, 0.5, and 5.0 pg/ml cocoa procya-
nidin fraction E; Lane 19 is a replicate of kinetoplast DNA
that was incubated with Topoisomerase 1T in the presence of
5.0 ug/ml. cocoa procyanidie fraction E);

FIG. 18 shows dosc response relationships of cocoa
procyanidin fraction D against DNA repair competent and
deficient cell lines (fractional survival vs. ug/ml; left side
xr5-6 DNA Deficient Repair Cell Line, MM-1 D D282X1;
right side BR1 Competent DNA Repair Cell Line, MM-1 D
D282B1);

FIG. 19 shows the dose-response curves for Adriamycin
resistant MCF-7 cells in comparison to a MCF-7 pl68
parental cell line when treated with cocos fraction D+E (%
control vs. concentration, ug/mk; open circle is MCF-7 pl68;
darkened circle is MCF-7 ADR); and

FIG. 20 shows the dose-response cffects on Hela cells
when treated at 100 pg/ml and 25 pg/mi levels of twelve
fractions prepared by Normal phase semi-preparative HPLC
(bar chart, % conirol vs. controi and fractions 1-12),

DETAILED DESCRIFTION

As discussed above, it has now been surprisingly found
that cocos extracts exhibil anti-cancer, anti-tumor or anfi-
neoplagtic activity, antioxidant activity and, inhibit DNA
topoisomerase II enzyme. The exiracts are generally pre-
pared by reducing cocoa beans fo a powder, defatting the
powder, and exiracting the active comrpound(s) from the
defatted powder. The powder can be prepared by freeze-
drying the cocoa beans and pulp, depulping the cocoa beans
and pulp, debulling the freeze-dried cocoa beass, and
grinding the dehulied beans. The extraction of active
compound{s) can be by solvent extraction technigues. The
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extracts can be purified; for instance, by gel permeation
chromatography or by preparative High Performance Liquid
chromatography (HPLC) techniques or by a combination of
such techniques. The extracts having activity, without wish-
ing 10 necessarily be bound by any particular theory, have
been identified as cocoa polyphenol(s) such as procyanidins.
These cocoa procyanidins have significant anti-cancer, anti-
tumor or antineoplastic activity; antioxidant activity; and
mhibit DNA iopeisomerase 11 enzyme,

Anti-cancer, anti-lumor or antineoplastic or, actioxidant
or DNA topoisomerase Il enzyme inhibiting compositions
comaining the inventive cocoa polyphenols or procyanidins
can be prepared in accordance with standard techniques welk
fmown to those skilled in the pharmaceutical art. Such
compositions can be adminisiered to a patient in need of
such administration in dosages and by techmiques well
known 1o those skilled in the medical ans taking into
coasideration such factors as the age, sex, weight, and
codition of the particular patient, and the route of admin-
istration. The compositions can be co-administered or
sequentialty administered with other antincoplastic, anti~
trmor or ami-cancer agents or antioxidant or DNA topoi-
somerase [1 enzyme inhibiting agents and/or with agents
which reduce or alleviate ill effects of antineoplastic, anti-
temor or anli-cancer agents or antioxidant or DNA topoi-
somerase 1 enzyme inhibiting agents; again, takipg imto
consideration such factors as the age, sex, weighl, and
condition of the particilar patient, and, the route of admin-
istration.

Examples of compositions of the igvention include solid
compositions for oral sadministration such as capsules,
tablets, pills and the like, as well as chewable solid
formulations, to which the present invention may be well-
suited since. it is from an edible source (e.g., cocva or
choeolale flavored solid compositions); liquid preparations
for orifice, ¢.g., oral, nasal, ansl, vaginal etc., administration
such as suspensions, syrups of elixirs; and, preparations for
parental, subcotaneous, intradermal, iotrzmuscular or intra-
venous administration (e.g., injectable adminisiration) such
as sterile suspensions or emulsions. However, the active
ingrediens in the compositions may complex with proteins
such that when administered into the bloodstream, clotting
may oecur due o precipitation of blood proteins; and, the
skilled artisan should 1ake this into accouat. [n such com-
positions the active cocoa extract may be in admixture with
a suitable carrier, diluent, or excipient such as sterile water,
physiclogical salibe, glucose or the like. The active cocoa
extract of the invention can be provided in lyophilized form
for reconstituting, for instance, In Wotonic aquecus, saline
buffer.

Further, the invention also comprehends a kit wherein the
active cocoa extract is provided. The kit can include 2
separate container containing a suitable carrier, dileeat or
excipient. The kit can also include an additional anti-cancer,
apti-tumor or antincoplastic agent or aotioxidant or DNA
topoisomerase Il enzyme inhibiting ageat and/or an agent
which reduces or alleviates il effects of anmtineoplastic,
anti-tumor of anti-cancer agents or antioxidant or DNA
topoisomerase II enzyme iohibiting agerts for co- or
sequential-administrasion. The additional ageni(s) cae be
provided in separaie container(s) or in admixture with the
active cocoa extract. Additionally, the kit cap include
instructions for mixing or combining ipgredients and/or
adminisiration.

Furthermore, while the invention is described with respect
to cocoa extracts preferably comprisiog cocos procyanidins,
from this disclosure the skilled organic chemist wilk appre-
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ciale and envidon synthetic routes to obtain the aclive
compounds. Accordingly, the imvention comprebends syn-
thetic cocoa polyphenols or procyanidins or their derivatives
which incluede, but are not limited to glycosides, gallates,
esters, etc. and the like.

The following non-limiting Examples are given by way of
Hlustration only apd arc not to be considered a Linitation of
this invention, many apparent variations of which are pos-
sible without departing from the spirit or scope thereof.

EXAMPLES
Example 1

* Cocoa Source and Method of Preparation

Several Theobroma cacao genotypes which represent the
three recognized horticuitural races of cocoa (Enriquez,
1967, Engels, 1981) were obiained from the tbree major
cocoa producing origins of the world. A list of those geno-
types used in this study are shown in Table 1. Harvested
cocoa pods were opened and the beans with pulp were
removed for freeze drying. The pulp was mamially removed
from tbe freeze dried mass and the beans were subjected to
anelysis 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 defatied overnight by Soxhlet extraction using
redistitled hexane as the solvent. Residual solvent was
removed from the defatted mass by vacuum at ambient
temperature.

TABLE 1
f The 4 o

GENCTYFPE ORIGIN HORITCUITURAL RACE
U1 Malayain Trinitaric
Unknown Wear Africa Forastero
1CS-100 Brezil Trinitario
1C5-3% Brazil Trinfiaric
UF-613 Brazil Trinitario
BEG-48 Brazil Fomstero
UF-12 Brazil Criollo
NA-33 Brait Fomsicro

Exazmple 2

Procyanidin Extraction Procedures
A, Method 1

Procyanidins were extracled from the defatied,
unfermented, freeze dried cocoa beans of Example 1 using
a modification of the method described by Jalal and Collin
(1977). Procyanidins were extracied from 50 gram batches
of the defatted cocoa mass with 2x400 ml, 70% acetone/
deionized water followed by 400 ml 70% methanol/
deionized water, The exiracts were pooled and the solvents
removed by evaporation at 45° C. with a rotary evaporator
held under partial vacuum. The resultant aqueous phase was
dihuted ko 1L with deionized waler and extracted 2x with 400
mL CHCL,. The solvent phase was discarded. The agueous
phase was then extracied 4x with 500 mL ethyl acetate, Any
resultani emulsions were broken by ceatrfugation on a
Sorvall RC 28S centrifuge operated at 2,000 xg for 30 min.
at 10° C. To the combined ethyl acetate extracts, 100200
mlL deionized water was added. The solvent was removed by
evaporation at 45° C. with a rotary evaporator held under
partial vacuum. The resultani aqueous phase was frozen in
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liquid N, followed by freeze drying om a LABCONCO
Freeze Dry System. The yields of crude procyanidins that
were obtained from the different cocoa genotypes are listed
in Table 2.

TABLE 2
Agidj de
GENOTYPE ORIGIN YIELDS (g)
UIT-1 Maleysiz 381
Unkoown Wesl Africa 155
KCS-100 Brazil 342
ICs-29 Brazi! 3.45
UF-613 Braxil 198
EEG-48 Brazil 315
UF-12 Brazl P
NA-33 Brazil 213
B. Method 2

Alternatively, procyanidins are extracted from defatied,
unfermented, freeze dried cocoa beans of Example 1 with
70% agueous ncetone. Ten grams of defatted material was
shurried with HK) mE solvent 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 pariial vacuum and the result-
ant aqueous phase frozen in liquid H,, followed by freeze
drying on 2 LABCONCOQ Freeze Dry System. The yields of
crude procyanidins ranged from 15-209%.

Without wishing to be bound by any particular theory, it
is believed that the differcnces in crude yields reflected
variations encountered with differcnt genotypes, geographi-
cal origin, horticultaral race, and method of preparation.

Exampie 3
Partial Purification of Cocoa Procysnidins

A. Gel Permeation Chromatography

Procyanidins obtained from Example 2 were partially
purified by liquid chromatography on Sephadex LiH-20
(28%2.5 cm). Separations were aided by a step gradient into
deionized water, The initial gradient composition slaried
with 15% methanol in deionized water which was followed
step wise every 30 min. with 25% methanol in deionized
waler, 35% methanol in deionized water, 70% methanol in
deionized water, and finally 100% meihanol. The cffluent
following the elution of the xanthine atkaloids {caffeine and
theobromine) was collected #s a single fraction. The fraction
yielded a xamhine alkaloid free subfraction which was
submitted to further subfractionation to yield five subfrac-
tons designated MM2A through MM2E. The solvent was
removed from each subfraction by evaporation at 45° C.
with & rolary evaporator held under partial vacuum. The
resuttant agueous phase was frozen in liquid N, and freeze
dried overnight on 8 LABCONCO Freeze Dry System, A
representative gel permeation chromatogram showing the
fractionation is shown in FIG. 1. Approximaiely, 100 mg of
material was subfractionated ip this manner,
FIG. 1: Gel Permeation Chromatogram of Crude Procyani-
dins on Sephadex LLH-20

Chromatographic Conditions: Column; 28x2.5 co Sepha-
dex LH-20, Mobile Phase: Methanol/Water Step Gradient,
15:85, 25:75, 35:65, 70030, 100:0 Stepped at 112 Hour
Intervals, Flow Rate; 1.5 ml/min, Detector, UV @i, =254
nm and A,«365 nm, Chart Speed: 0.5 mm/min, Column
Load; 120 mg.
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B. Semi-preparative High Performance Liquid
Chromatography-(HPTL.C)
Method 1: Reverse Phase Separation

Procyanidins obtasined from Example 2 andfor 3A were
partially purified by semi-preparative HPLC. A Hewlett
Packard 1050 HPLC System eguipped with a wariable
wavelength detector, Rbeodyne 7010 injection valve with 1
mL injection loop was assembled with a Pharmacia FRAC-
100 Fraction Collector. Separations weze effected on a
Phenomenex Ultracarb 10u ODS colamn (250x22.5 mm)
connected with a Phenomenex 10 g ODS Ultracarh (60x10
mm) guard columa. The mobile phase composition was
A=water; B methanol used under the following linear gra-
dient comditions: [Time, %A); (0,85), (60,50), (90,0), and
(100,0) at a flow rate of 5 ml/min.

A representative Semi-preparative HPLC trace is showm
in FIG. 18N for the separation of procyanidins present in
fraction D+E. Individnal peaks or select chromatographic
regions were collected on timed intervals or mamally by
fraction collection for further purification and subseguent
evajuation. Injection loads ranged from 25-100 mg of
material.

Methoxd 2. Normal Phase Separafion

Procyanidin extracts obtained from Examples 2 and/or 3A
were partiaily purified by semi-preparative HPLC. A
Hewlett Packard 1050 HPLC systemn, Millipore-Waters
Model 480 LC detecior set at 254 mm was assembled with
a Pharmacia Frac-100 Fraction Collector set in peak mode.
Separafions were effected on a Supeleo Su Supeleosil LC-8i
column (25010 mm) comnected with a Supelco 5u Supel-
guard LC-8i guard columnn (20x4.6 mm). Procyamdins were
cluted by a lincar 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
Amdichloromethane; Bemethanol; and Cuacetic acid: water
(1:1}. A flow rate of 3 mL/min was used. Components were
detected by UV at 254 o, and recorded on a Kipp & Zonan
BD41 recorder. Injection volumes ranged frow 100-250 ul.
of 10 mg of procyanidin extracts dissolved in (.25 ml. 70%
aqueous acetone. A representative semi-preparative HPLC
trace is shown in FIG. 1530, Individual peaks or sclect
chromatographic regions were collected on timed intervals
or manually by fraction collection for further purification
and subsequent evaluation.

HPLC Coaditions: 2%) x 10 mm Supelee Supelcosil LC-8i
{5 pm) Semiprepanative Cofmn

28 x 4.6 mm Supelco Supelcoail LC-5i
{5 pm) Guerd Cotomn

Detector: Waters LC

Flow mate: 3 ml/min,

Cohlumn Femperalurs: smbieat,
Injection: 250 &L of 70% aqueous
acelone extraci.

{iadient: Acetic
Time (min) CHLOL, Methano! Acid/HL0 (1:3)
a a2 14 4
3 67.6 .4 4
4] 40 30 4
65 10 86 4
" 10 86 4
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The fractions obtained were as follows;

FRACTION TYFE

dimers
trimers
tetranmese
pentanien

hepaxen
octamers
nonamers
decamers
undecamers
dodecamers
higher oligomers

=l - R e L

Example 4

Analytical HPLC Analvsis of Procyanidin Extracts

Method 1: Reverse Phase Separation
Procyanidin extracts obtained from Exampie 3 were fil-
tered through a 0.454 filter and analyzed by a Hewleit

Packuzd 1090 wrnary HPLC system equipped with a Diode

Array detector and a HP model 1046A Programmable Fluo-
resoence Detector. Separations were effected at 45° C. on a
Hewlent-Packard 5u Hypersit ODS column (200x2.1 mm).
The flavanols and procyanidins were eluted with a linear
gradient of 60% B into A followed by a column wash with
B at a flow rate of 0.3 ml/min. The mobile phase compo-
silion was Bw0.5% acetic acid in methanol and A=05%
acetic acid in deionized water. Acetic acid levels in Asnd B
mobile phases can be increased to 2%. Components were
detected by Duorescence, where X, =276 nm and X, =316
nm. Concenlrations of (+)-catechin and {~)-cpicatechin were
determined refative to reference standard solutions. Procys-
nidin Jevels were estimated by using the response factor for
{-)-cpicatechin. A represeatative HPLC chromatogram
showing the separation of the various components is shown
in FIG. 2A for one cocoa genolype. Similar HPL.C profiles
wer obtained from the other cocoa genotypes.
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guard column (20x4.6 mm). Procyaniding were eluted by
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 an 8 min. reequilibration. Mobile
phase composition was A=dichioromethane, B=methanol,
and C=acetic acid: water at a volume ratio of 1:1. A flow rate
of 0.5 mi/min. was used. Components were detected by
fluorescence, where A, =276 om and A, =316 om or by UV
at 280 nm. A representative HPLC chromatogram showing
the separation of the various procyanidins is shown in FIG.
2B for one genotype. Similar HPLC profiles were obtained
from other cocoa genotypes.

HPLC 250 x 2.2 mm Phenomenax Lichrosphere Sitica 100
Conditions: column (5) 20 x 4.6 mm Svpeleo Supelguend LC-Si
. (5z) gunrd cotumn
Delectona: Photodiode Ay @ 280 nm
Fluorescence A, = 276 am;
gy = 316 2m.
Flow mue: 0.5 mE/min.
Column Temperiore: 37° C.
Acstic
Gradient: Acid/Watar
Time {min.) CH,—Cl, Methazol {1:1)
a 82 14 4
ki) 67.6 8.4 4
60 48 50 4
5 12 &6 4
" 13 a6 &
Example 5

Identification of Procyanidins

Procyaniding were purified by liquid chromatography on
Sephadex LH-20 (28<2.5 cm) columns followed by semi-
preparative HPLC using a 104 xBoodapak C18 (100x8 mm)
column or by semi-preparative HPLC using a 3u Supelcosil
LC8i (25x10 mm) column.

Partially purified isolates were analyzed by Fasi Atom
Bombardment—Mass Spectrometry (FAB-MS) on a VG
ZARB-T high resohution MS system using a Liquid Second-
ary Ton Mass Spectrometry (LSIMS) technique in positive

HPLE Conditions: Column: 200 x 2.1 mm Hewlett Packnrd 45 and nepative ion modes. A cesfum ion gun was used as the
Hypersll ODS {Su) ionizing source at 30 kV and a “Magic Bullet Matrix” (1:1
Guerd column: 20 x 2.1 mm Hewlett Sthi i ithi .
Packard Hypemsil ODS (5) dathmth{e‘itoljt?:mlociry@nml) was used as U‘Je proton donor.
Deterion: Diode Army @ 289 mm Analytical investigations of these fractions by LSIMS
Fluorescence g = 276 nmy reveated the presence of a number of Savan-3-ol oligomers
b - 216 vm. 50 as shown ia Table 3.
Flow raze: 3 mL/min
Column Temperaturs; 45° C.
TABLE 3
Gradiest 0.5% Acetic Acid 0.5% Acetic acid
Time (min) in deionized water in methanot LSIMS (Positive Jon) Daa from Cocon
55 i i
a 100 0
50 % 60 M+ {4 + Nay
60 0 1K) Oligomer m/z e Mol Wt
Monomers m 33 20603
. ; {cnteching}
Method 2: Normal Phase Separation % Dimer(s) 57579 5997601 §76/578
Procyanidin extracts obtained from Exampies 2 and/or 3 Trimer(n) S65/867 48T /RES £84/866
were filtered through a 0.45 p filter and amalyzed by a Tetremer(s) 115% 177 1154
Hewlett Packard 1090 Sedes II HPLC system equipped with giﬂ'-‘m“(') 14_]“3‘: }:g i;;g
a HP model 1046A Programmable Fluorescence detector Hepmj) 1% o g
and Diode Array detector. Separations were effected at 37° 65 Octamer(s} — 2329 2306
C. on a 5u Phenomenex Lichrosphere Silica 100 column Nomates) — 2617 2504

(250x3.2 mm) connected to a Supelco Supelguard LC-8i 5u
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TABLE 3-continued

LSIMS (Positive Ioa} Data from Cocon
recvanidin Fracti

M+ 1)" (M + Na)*
Oligomer miz mz Mol Wt
Decamer(E) — 905 2882
Undecemer{s) — — nw
Dodecamern) —_ o 3438

The major mass fragment ions were consistent with work
previously reported for both positive and negative ion FAB-
MS analysis of procyanidins (Self et al., 1986 and Porter et
ak., 1991). The ion 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. It was
inferesting fo note that the higher cligomers were more
likely to form sodium adducts (M+Na)" than their proto-
nated molecular jons (M+H)*. The procyanidin isomers B-2,
B-5 and C-1 were tentatively identifled based on the work
reported by Revilla et al. (1991), Self et al. (1986) and Porter
et al. (1991). Procyanidins up o both the octamer and
decamer were verified by FAB-MS in the partially purified
fractions. Additionally, evidence for procyanidins up to the
dodecamer were observed from normal phase HPLC analy-
sts (see FIG. 2B). Without wishing to be bound by any
particular theory, it is believed that the dodecamer s the

Limil of solubility in the solvents used in the extraction and 3

purification schemes. Table 4 Lists the relative concentrations
of the procyanidins found in xanthiec alkaloid free isolates
based on reverse phase HPLC analysis. Table 5 lists the
relative concentrations of the procyamidins based on normal
phase HPLC analysis.

TABLE 4

Relative Concentmiiont of Procyaniding in the
i id

Component Molecular Weight Amount

{+)-catechin pratii] 1.6%

(- epicateciin 0 82%

B-2 Dimer 578 11.0%

B-3 DHmer 578 5.3%

-1 Trimer 856 9.3%

Doubly linked dimers 576 3.0%

Tetramer{s) 1154 4.5%

Peoamer-Ocianer i442-2206 24.5%

Unknowns knd higher e 2.6%

oligemen

TABLE 5
Relative Concenteations of Procyaniding in
e

Component Molecolar Weight Amount
{+}catechin and 290) {rame for cach) 41.9%
{~)}epicatechin
B-2 and B-5 Dimers 378 13.9%
Trimers BE4/H66 11L.3%
Tetranen 1154 2.9%
Pentamers 442 7.8%
Hexemars 1730 51%
Heplamezs 2018 4.1%
Octamers 2306 8%
Nosamera 2594 1.6%
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TABLE S-continued
Relntive Coneentrations of Procyasiding in

Agieows Acetons Extracts
Componeat Molecular Weight Amount
Decamern 2882 27%
Undecamen 3170 0.2%
Dodecamers 3458 0.1%

FIG. 3 shows several procyanidin structures and FIGS.
4A—4E show the representative HPLC chromatograms of the
five fractions emplkyed 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 temary HPLC
System equipped with HP Mode] 1046A Programmable
Fluorescence Detector.

Column: Hewlett Packard Su Hypersil ODS (2002.1
mm} Linear Gradient of 60% B into A at a flow rate of
0.3 ml/min. B=0.5% acetic acid in methanol; A=0.5%
acetic acid in deionized water. b, »280 nm; A _.~316
am.

FIG. 150 shows a representative serui-prep HPLC chro-
matogram of an additional 12 fractions employed in the
screening for anticancer or antinecplastic activity (HPLC
condilicns stated above).

Example &

Anti-Canocer, Anti-Tumor or Antineoplastic Activity
of Cocoa Extracts (Procyanidins)

The MTT (3-{4,5-dimethyl thiazol-2yi]-2,5-
diphenyltetrazolivm bromide}—microtiter plate tetrazolivm
cytotoxicily assay originally developed by Mosmane (1983)
was used 10 screen test samples from Example 5. Test
samples, standards (cisplatin and chlorambucil) and MTT
reagent were dissolved m 100% DMSO (dimethy] sulfoxide)
at a 10 mg/ml copcentration. Serial dilations were prepared
from the stock solutions, In the case of the test samples,
diflutions ranging from 0.01 through 100 ug/ml. were pre-
pared in 0.5% DMSO,

All human tumor cell lines were cbtained from the
American Type Cullure Collection. Cells were grown as
mono layers in alphs-MEM contaiming 10% fetal bovine
serum, 100 units/ml. penicillin, 100 gg/ml sireptomycin and
240 vnits/mL nystatin. The cells were maintained in a
humidified, 5% CO, atmosphere at 37° C.

After trypsinization, the cells ar¢ counted and adjusted to
a concentration of 50x10° cells/ml. (varied according 1o
cancer cell line). 200 ¢d. of the cell suspension was plated
into wells of 4 rows of a 96-well microtiter plate. After the
cells were allowed to attach for four hours, 2 ul. of DMSG
containing test sample sohutons were added to guadruplicate
wells. Initial dose-response finding experiments, using order
of magnitude 1est sample dilutions were used to determine
the range of doses to be examined. Well absorbencies at 540
i were then measured on a BIO RAD MP450 plate reader.
The mean absorbance of quadruplicate test sample treated
wells was compared f0 the control, and the results expressed
as the percentage of conirel absorbance plus/minus the
standard deviation. The reduction of MTT 1o a purple
formazan product correlates in a linear manner with the
number of living ¢ells in the well. Thus, by measuring the
absorbance of the reduction product, a quantitation of the
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percenl of cell survival at a given dose of test sample can be
obtained. Control wells contained a final conceniration of
1% DMSO.

Two of the samples were first tested by this protocol.
Sample MM1 represented a very crude isolate of cocoa
procyanidins and contained appreciable quantities of caf-
feine and theobromine. Sample MM2 represented a cocoa
procyanidin isolate partislly purified by gel permeation
chromatography. Caffeine and theobromine were absent in
MM2. Both samples were screened for activity against the
following cancer cell lines using the procedures previously
described:

HCT 116 colon career

ACHN renal adenocarcinoma

SK-5 melanoms

A498 renal adenocarcinoma

MCEF-7 breast cancer

PC-3 prostate cancer

CAPAN-2 pancreatic cancer

Lattle or no activity was observed with MM!I on any of the
cancer cell lines investigated. MM?2 was found to have
activity against HCT-116, PC-3 and ACHN cancer cell lines.
However, both MM1 and MM2 were found to interfere with
MTT such that it obscured the decrease in absorbance thal
would have reflected a decrease in viable cell number. This
interference also contributed to large error bars, because the
chermical reaction appeared to go more quickly in the wells
along the perimeter of the plate. A typical example of these
cffects is shown in FIG. 5. Al the high concentrations of test
material, one would have expected to observe a large
dectease in survivars rather than the high surviver levels
shown. Nevertheless, microscopic examinations revealed
that cytotoxic effects occurred, despite the MTT interference
effects. For instance, an 1CSO value of 0.5 ug/mL for the
effect of MM2 on the ACHN cell line was obtained in this
nanner.

These preliminary resuits, in the inventors’ view, required
amendment of the assay procedures lo preclude the inter-
ference with MTT. This was accomplished a5 follows, After
incybation of the plates at 37° C. in a bumidified, 5% CO,
atmvsphere for 18 hours, the medium was carefully aspi-
rated and replaced with fresh alpha-MEM media. This media
was again aspirated from lhe wells on the thind day of the
assay and repiaced with 100 ulof freshly prepared McCoy's
medium, 11 gl of a 5 mg/mi. stock solution of MTT in PBS
(Phosphate Buffered Saline) were then added to the wells of
cach plate. After incubation for 4 hours in a humidified, 5%
CO, atmosphere at 37° C, 100 ul of 004 N HCl in

isopropanol was added to all wells of the plate, followed by

thorough mixmg to solubilize the formazan produced by any
vizble cells. Additionally, it was decided to subfractionate
the procyanidins to determine the specific components
respousible for activity.

The subfractionation procedures previously described
were used 1o prepare samples for further screening. Five
fractions representing the arcas showm in FIG. 1 and
component(s) distribution shown in FIGS. 4A4E were
prepared. The sampies were coded MM2A through MM2E
to reflect these analytical characterizations and to designate
the absence of caffeine and theobromine.

Each fraction was individually screened against the HCT-
116, PC-3 and ACHN cancer cell Lines. The results indicated
that the activity did not concentrate to any one specific
fraction. This type of result was pot considersd unusnal,
since the components in “active” natural product isolates can
behave synergistically. In the case of the cocoa procyanidin
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isolate (MM2}, over wenty detectable components com-
prised the isolate. It was considered possible that the activity
was related 1o a combination of componenis present i the
different fractions, rather than the activity being refated (o an
individual component(s).

On the basis of these results, it was decided to combine
the fractions and repeat the assays against the same cancer
cell lines. Several fraction combinations produced cytotoxic
effects against the PC-3 cancer cell lines. Specifically, 1C,,
values of 40 ug/mL each for MMZA and MM2E
combination, and of 20 pp/ml. each for MM2C and MM2E
combination, were obtained. Activity was also reporied
against the HCT-116 and ACHN cell lines, but as before,
interference with the MTT indicator precluded precise
observations. Replicale experiments were repeatedly per-
formed on the HCT-116 and ACHN lines to improve the
data. However, these results were inconclusive due to bac-
lerial contamination and ¢xhaustion of the test sample
maietial. FIGS. 6A—6D show the dose-response relationship
between combinations of the cocoa extracts and PC-3 cancer
cells, -~

Nonetheless, from this data, it is clear that cocoa extracts,
especially cocon polyphenols or procyanidins, have sigmifi-
cant anti-tumor; anti-cancer or antineoplastic activity, espe-
cially with respect o human PC-3 (prostate), HCT-116
(cofon) and ACHN (renal) cancer cell lines. In addition,
those resulis suggest that specific proeyanidin Fractions may
be responsible for the activity against the PC-3 cell line.

Example 7.

Anti-cancer, Anti-Twmnor or Antincoplastic Activity
of Cocva Extracts (Procyanidins)

To confirm the above findings and further study fraction
combinaticns, another comprehensive screening was per-
formed:

All prepared materials and procedures were identical to
those reported above, except that the standard 4-replicates
per test dose was moreased to 8 or 12-replicates per test
dose. For this study, individval and combinations of five
cocos procyanidin fractions were screened against the fol-
lowing cancer cell lines.

PC-3 Prostate

KB Nasopharyngeal/Hela

HCT-116 Celon

ACHN Renal

MCF-7 Breast

SK-5 Melanoma

A-549 Lung

CCRE-CEM T-cell leukemia

Individual screenings consisted of assaying different dose
levels {0.01-100 pg/mL) of fractions A, B, C, D, and E (See
FIGS. 4A—4E and discussion thereof, supra) against each
cell line, Combination screenings consisted of combining
equal dose levels of fractions A+B, A+C, A+D, A+E, B+C,
B+D, B+E, C+D, C+E, and D+E against cach cell Hne, The
resulis from tiese assays are individually discussed, foi-
lowed by an oversll summary.

A. PC-3 Prostate Cell Line

FIGS. TA-TH show the typical dose response relationship
between cocoa procyanidin fractions and the PC-3 cell line.
FIGS. 713 snd 7E demonstrate that fractions D and E were
active at an 1C,, value of 75 pg/mL. The 1€, values thal
weee obtained from dose-response curves of the other pro-
cyanidin fraction combinations ranged between 60-80
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pyg/mL when fractions D or E were present. The individual
1C,,, values are listed in Table 6.

B. KB Nasopharyngeai/Hel.a Cell Linc

FIGS. 8A-8I1 show the lypical dose respouse relstionship
between cocoa procyanidin fractions and the KB
Nasopharyngesl/HeLa cell line. FIGS. 8D and 8E demon-
strate that fractions D and E were active at an [C, value of
75 ug/ml. FIGS. 8F-8H dcpict represcntative resulis
obtained from the fraction combination study. In this case,
procyanidin fraction combination A+B had no effect,
whereas fraction combinations B+E and D+E were active at
an ICy, value of 60 pg/mL. The IC,, valucs that were
oblained from other dose response curves from other frac-
tion combinations ranged from 6080 pg/mL when fractions
D or E were present. The individual [C,, values are listed in
Table 6. These results were essentially the same as those
oblained against the PC-3 cell hine.

C. HCT-116 Colon Cell Line

FIGS. $A-9H show the typical dose response relation-
stiips between cocoa procyanidin fractions and the HCT-116
colon cell line. FIGS. 9D and 9E demonstrate that fraction
E was active at an IC,,; value of approximately 400 rg/ml..
This valuie was oblained by extrapolation of the existing
curve. Note that the slope of the dose response curve for
fraction D also imdicated activity. However, no ICy, value
was determined from this plot, since the slope of the curve
was too shallow to obtain a reliable value, FIGS. 9F-9%H
depict representative results obtained from the fraction com-
bination study. In this case, procysnidin fraction combina-
tion B+D did not show appreciable activity, whereas fraction
combinations A+E and D+E were active at ICso values of
500 ug/mL and B5 pg/ml., respectively. The [Cs, values that
were obtained from dose response curves of other fraction
combinations averaged about 250 ug/ml. when fraction E
was present. The extrapolated IC,; values are Listed in Tabie
6.

D. ACHN Renai Cell Line

FIGS. 10A~10H show the typical dose response relation-
ships between cocoa procyanidin fractions and the ACHN
renal cell line. FIGS. 10A-10E indicated that no individual
fraction was. active against this cell line. FIGS. 16F-10H
depict representative resulis ebtained from the fraction com-
bination study. In this case, procyanidin fraction combing-
tion B+C was inactive, whercas the fraction combination
A+E resulted in an extrapolated 1C,, value of approxirnately
500 pg/ml. Dosc response curves similar to the C+D
combination were cansidered inaclive, since their slopes
were 100 shallow. Extrapolated I1C,, values for other fraction
combinations are listed in Table 6.

E. A-549 Lung Cell Line

FIGS. HA-11H show the typical dose response relation-
ships between cocoa procyanidin fractions and the A-549
lung cell line. No activity could be detected from any
individual fraction or combination of fractions at the doses

used in the assay. However, procyanidin fractions may s

nonetheless have utility with respect to this cell line.

F. SK-S Melanoma Cell Line

F1GS. 12A-12H show the typical dose respopse relation-
ships between cocoa procyanidin fractions and the SK-5
melanoma cell line, No activity could be detected from any
individual fraction or combipation of fractions at the doses
used in the assay. However, procyanidin fractions may
nonetheless have utility with respect (o this cell line.

G. MCF-7 Breast Cell Line

FIGS. 13A-13H show the typical dose response relation-
ships between cocoa procvanidin fractions and the MCF-7
breast cell line. No aclivily coukt be deiected from anmy
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individual fraction or combination of fractions at the doscs
used in the assay. However, procyanidin fractions may
nonetheless have wiility with respect to this cetl line.

H. CCRF-CEM T-Cell Leukemia Line

Atypical dose respomse curves were originally obtained
against the CCRF-CEM Tcell leukemia line. However,
microscopic counts of cell number versus time at different
fraction concentrations indicated that 500 ug of fractions A,
B and D effected an 80% growth reduction over a four day
period. Arepresentative dose response relationship is shown
in FIG. 14.

1. Summary

The 1C,, values oblaized from these assays are collec-
tvely listed in Table 6 for all the cell lines except for
CCRF-CEM T-cell leukemia. The T-ceit leukemia data was
intentionalty omitted from the Table, since a different assay
procedure was vsed. A general summary of these resulis
indicated that the most activity was associated with fractions
D and E. These fractions were most active against the PC-3
(prostate) and KB (pasopharyngeal/HeLa) ccll lines. These
fractions alse evidenced activity against the HCT-116
(colon) and ACHN (renal) cell lines, albeit but only at much
higher doses. No activity was detected against the MCF-7
(breast), SK-5 (melanoma) and A-3549 (hung) cell lines.
However, procyanidin fractions may nonetheless have util-
ity with respect to these cell lines. Activily was aiso shown
against the CCRF-CEM (T-cell leukemia) cell lime. It should
also be noted that fractions D and E are the most complex
compositionally. Nonetheless, from this data it is clear that
cocoa exiracts, especially cocoa procyanidins, have signifi-
cant anti-umor, anti-cancer or antineoplastic activity.

TABLE 6

IC,; Vaheea for Cocea Procyanidin Fraclions
Againgt Various Cell Lines

G Mluce i pgiml)

A-
FRACIION PC-2 KB HCTVI16 ACHN MOF7 SK-5 549
A
B
C
D ] 80
E 75 75 400
A+DB
A+C 135 100
A+D 75 5
A+E 80 ke 300 500
B+C
B+D 75 a0
B+L o)l 63 200
C+D &0 = 1000
C+E g 70 250
D+E g &0 8s

Vatues above 100 ug/ml were eximapolsted from dose response curves

Example 8

Anti-Cancer, Anti-Tumor or Antineoplastic Activity
of Cocoz Exiracts (Procyanidins)

Several additional in vitto assay procedures were used o
complement and extend the results presented in Examples 6
and 7.

Method A. Crystal Vioiet Staining Assay

All human mmor cetl lines were obtained from the
American Type Cuiture Collection. Cells were grown as
monolayers in IMEM containing 10% fefal bovine serum
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without antibiotics. The cells were maintained in a
humidified, 5% CO, simosphere at 37° C.

Aftér trypsinization, the celis were counted and adjusted
o a concentration of 1,000-2,000 cells per 100 ul., Cell
proliferation was determined by plating the cells (1,000-2,
000 cells/well) in a 96 wekl microtiter plate. Alter addition
of 100 4L cells per well, 1he cells were allowed (¢ a#ttach for
24 hours. At the end of the 24 hour period, various cocoa
fractions were added at different coneentrations to obtain
dose response resuits. The cocoa fractions were disselved in
media at a 2 fold concestration and 100 gL of each solution
wes added in triplicate wells. On consecutive days, the
plates were stained with 50 pl. crystal wiolet (2.5 g orystal
vialet dissolved in 125 mL methanol, 375 mL waler), for 15
min. The stzin was removed and the plate was gently
immersed into cold water fo remove cxcess stain. The
washings were repeated two more times, and the plates
allowed 1o dry. The remaining stain was solubilized by
adding 100 pl. of 0.1 M sodium citrate/50% ethanol 1o each
well. After solubilizatioe, the number of cells were quanti-
tated on an ELISA plate reader at 540 am (reference filter at
410 nm). The results from the ELISA reader were graphed
with absorbance on the y-axis and days growth on the x-axis.

Method B. Soft Agar Cloning Assay

Cells were cloned in soft ager according to the method
described by Nawata ¢t al. (1981). Single cell suspensions
were made in media containing 0.8% agar with vanous
concentrations of cocoa fractions, The suspensions were
aliquoted into 35 mm dishes coaled with media contaiming
1.0% agar. After 10 days incubation, the number of colonies
greater than 60 pm in diameter were determined ou an
Ominicron 3600 Image Analysis Systen. The results wese
plotted with number of colonies on the y-axis and the
concentrations of a cocoa fractivn on the x-axds.

Method C. XTT-Microculture Teirazolium Assay .

The XTT assay procedure described by Scudiero et al.
{1988) was used to scresn verious encoa fractions. The XTT
assay-was cssentially the same as that described using the
MTT procedure (Exzmple 6) except for the foilowing modi-
fications, X1T ({2,3-bis(2-methoxy-4-nitro-5-sulfopheny -
S5{(phenylaminoxarbonyl J-2H-tetrazolivm bydroxide) was
prepared at 1 mg/mL medium without serum, prewarmed to
37° C., PMS was prepared at S mM PBS, XTT and PMS were
mixed together; 10 xE. of PMS per mL XTT and 50 ul
PME-XTT were added to each well, After an incubation at
37° C. for 4 hr, the plates were mixed 30 min. on a
mechamical shaker and the absorbance measured at 450600
nm. The results were plotled with the absorbance on the
y-axis aod days growth or concentration on the x-axis.

For methods A and C, the results were aiso plotted as the
percent cogtrol as the y-axis and days growth or concentra-
tion on the X-axis.

A comparison of the XTT and Crystal Violet Assay
procedures was made with cocos fraction D & E (Example
3B) against the breast cancer cell line HCF-7 pl68 to
determine which assay was most sensitive. As shown in FIG.
15A, both assays showed the same dose-response effects for
concenlrations >75 pg/ml. At concentrations below {his
value, ihe crystal violet assay showed higher standard devia-
Hops than the XTT assay results, However, since the crystal
violet assay was easier to use, all subsequent assays, unless
otherwise specified, were performed by this procedure.

Crystal violet assay results are presented (FIGS.
15B-15E) to demonstrate the effect of a crede polyphenol
extract (BExample 2) on the breast cancer cell line MDA
MB231, prostate capcer cell line PC-3, breast cancer celt
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line MCF-7 pl163, and cervical cancer cell line Hela, respec-
tively. In all cases a dose of 250 ug/ml. completely inhibited
all cancer cell growth over a period of 5-7 days. The Hela
cell line appeared to be more sensitive to the extract, since
a 10 ug/ml. dose also inhibited growth, Cocoa fractions from
Example 3B were also assayed against Hela and another
breast cancer cell line SKBR-3. The results (FIGS. 15F and
15G) showed that fraction I & E bas the highest activity. As
shown in FIGS. 15H and 151, 1C,,, values of about 40 ug/mL
D & E were obtained from both cancer cell lines.

The cocoa fraction D & E was also tested in the soft agar
cloning assay which detcrmines the ability of a fest
compound(s) to mhibit anchorege independent growth. As
shown in F1G. 18], a concentration of 100 ug/mL complctely
inhibited colony formation of Hela cells.

Crude polyphenol exiracis obtained from ¢ight different
©OCoa genotypes represcating the three horticultural races of
cocoa were also assayed againsi the Hela ocll line. As shown
in F1G. 15K all cocoa varicties showed similar dose-
response effects. The UIT-1 variety exhibited the most
activity against the Hela celf line. These results demon-
strated that alf cocoa genotypes possess a polyphenol frac-
tion that elicits activity against at least one human cancer
cell line that is independent of geographical origin, horti-
cultural race, and genolype.

Another series of assays were performed om crude
polyphenol extracts prepared on a daily basis from a one 1on
scale traditional 5-day fermentation of Brazilian cocoa
beans, followed by a 4-day sun drying slage. The results
shown in Fi(i. 15L showed no obvious effect of these carly
processing slages, suggesting kittle change in the composi-
tion of the polyphenols. However, it is knowo {Lehrian and
Patterson, 1983) that polyphenol oxidase (PPO) will oxidize
polyphenols during the fermentation stage. To de termine
what effect enzymically oxidized pobypbenols would have
on activity, another experiment was performed. Crude PPO
was prepared by extracting finely ground, unfermented,
freeze dricd, defatted Brazilian cocoa beans with acetone at
a ratio of 1 gm powder 10 10 mL acetone. The slurry was
centrifuged at 3,000 rpm: for 15 min. This was repeated three
times, discarding the supernalant cach time with the fourth
extraction being poured through a Buchuoer filtering funneb.
The acetone powder was allowed to air dry, followed by
assay according to the procedures described by McLord and
Kilara, (1983). To a solution of crude polyphenols (100
mg/10 mL Citrate-Phosphate buffer, 0.02M, pH 5.5) 100 mp
of acetone powder (4,000 w/mg protein) was added and
allowed to stir for 30 min. with & stream of air bubbled
throvgh the shurry. The sample was centrifuged at 5,000 xg
for 15 min. and ibe supernatant extracted 3x with 20 mlL.
ethyl acetate. The ethyl acctate extracts were combined,
taken to dryness by distillation under partial vacuum and 5
mL water added, followed by lyophilization. The material
was then assayed against Hela cclls and the dose-response
compared to crude polyphenol exiracts that were not enzy-
mically treated. The resulis (FIG. 15M) showed a significant
shift in the dose-response curve for the enzymically oxidized
extract, showing that the oxidized products were more
inhibitory than their native forms.

Example 9

Antioxidant Activity of Cocoa Extracts Containing
Procyamidins

Evidence in the literature suggests a relationship between
the consumption of naturally occurring antlioxidants
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{Vitamins C, E and B-carotene) and a lowsered incidence of
disease, including cancer {Designing Foods, 1993; Caragay,
1992). It is generally thought ihat these antioxidants affect
certain oxidative and free radical processes imvolved with
some Lypes of tumor promotion. Additionally, some plant
polyphenolic compounds thai have been shown to be
anticarcinogenic, also possess subsiantial antioxidant activ-
ity (Ho et al., 1992; Huang ot al, 1992).

To determine whether cocoa extracts containing procya-
nidins possessed antioxidant properties, a standard Rancimai
method was employed. The procedures described in
Examples 1, 2, and 3 were used 1o prepare cocoa exiracts
which were manipulated further to produce two fractions
from gel permeation chromatography. These two fractions
are aclually combined fraciions A through C, and D and E
(8ee FIG. 1) whose antioxidant properties were compared
against the synthetic antioxidants BHA and BHT.

Peanut Oil was pressed from voroasted peanuts after the
skins were removed. Each test compound was spiked into
the oil at two levels, =100 ppm and -20 ppm, with the actual
levels given io Table 7. 50 ul of methanol solubilized
antioxidant was added 10 ¢ach sample to aid in dispersion of
the antioxidant. A control sample was prepared with 50 uL
of methanol containing no antioxidant.

The samples were evaluated in duplicete, for oxidative
stability using the Rancimat stability test at 100° C, and 20
cc/min of air. Experimental parameters were chosen fo
match those used with the Active Oxygen Method (AOM) or
Swift Stability Test (Van Oosten et al, 1981). A typical

Rancimat trace is shown in FIG. 16. Results arc reported in

Table 8 as hours required to reach a peroxide level of 100
meq.

TABLE 7
Loncentratipns of Antinxldanta
LEVEL1 LEVEL 2
SAMPLE ppm
Butylated Hydroxvictuens {BHT) 24 120
Butyhted Hydroxyanisale (BHA) 24 120
Crude Ethyt Acetate Fraction of Cocos 22 110
Fractior A-C 20 100
Fraction IE 20 100
TABLE 8
Oidative Subility of Peanut O
| 20 ppm 109 ppm
SAMPLE aversge
Control 10.5 = 0.9
BHT 165 =21 25=21
BHA 135 = 2.1 4014
Crude Cocoa Fraction 180 00 19014
Fraction A-C 16.0 = 6.4 175 £ 00
Fractioo -E 140 =14 125 0.7

These results demonstrated increased oxidative stability
of peaput oil with all of the additives tested. The highest
increase m oxidative stability was realized by she sample
spiked with the crude cthyl acetate extract of cocoa. These
results demonstrated that cocoa exiracts containing procya-
nidins have antioxidant potential equal 1o or greater than
equal amounts of synthetic BHA and BHT. Accordingly, the
invenotion may be e¢mployed in place of BHT or BHA in
known utilities of BHA or BHT, such as for instance as an
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antioxidant and/or food additive, And, in this regard, it is
noted too that the invention is from an edible source. Given
these results, the skilled artisan can also readily determine a
suitable amount of the inveation to employ in such “BHA or
BHT” utilities, ¢.g., the quantity 1o add to food, without
undue experimesntation.

Example 10

Topoisomerase 11 Inhibition study

DNA topoisomerase | apd I are enzymes that catalyze the
breaking and rejoining of DNA strands, thereby controlling
the topological states of DNA (Wang, 1985). In addition to
the study of the intraceliular function of lopoisomerase, one
of the most significant findlings has been the identification of
topoisomerase 1l as the primary celiular target for a number
of clinically important antitumor compounds (Yamashita et
al, 199%0) which include intercalating agents (m-AMSA,
Adriamycin® and ellipticine) as well as ponintercalating
epipodephyllotoxins. Several lines of evidence indicate that
some antitmmor drugs have the common property of stabi-
lizing the DNA—topoisomerase II complex (“cleavable
complex™ which upon exposure 1o denaturing agents results
in the induction of DNA cleavage (Muller et al,, 1989). It has
been suggested that the cleavable complex formabon by
aptitumor drugs produces bulky DNA adducts that can kead
to cell death.

According to this attractive model, a specific mew inducer
of DNA topoisemerase Il cleavable complex is useful as an
anli-cancer, anti-lumor or antineoplastic agent, In an atteropt
to identify cylotoxic compounds with activities that target
DNA, the cocoa procyanidins were screened for enhanced
cytotoxic activity against several DNA—damage sensitive
cell lines and enzyme assay with buman topoisomerase 11
obtained from lymphoma.

A. Decatenation of Kinetaplast DNA by Topoisomerase IT

The in vitro inhibition of topoisomerase 11 decatenation of
kinetoplast DNA, as described by Muiber et al. (1989), was
performed as follows, Nuclear exiracts containing topoi-
somerase 11 activity were prepared from human lymphoma
by modifications of the methods of Miller et al. (1981) and
Danks et al. (1988). Ooe unit of prrified enzyme was enough
to decatenate 0.25 ug of kinetoplast DNA in 3Q mizn. at 34°
C. Kinetoplast DNA was obtained from the Urypanosome
Crithidia fasciculata. Each reacion was carried out in a 0.5
mL microcentrifuge tbe containing 19.5 @l H 0, 2.5 ML
10x buffer (1x buffer contains 50 mM is-HCL pH 8.0, 120
mM KC, 10 mM MgCi,, 0.5 mM ATP, 0.5 mM dithiothrei-
tol and 30 Mg BSA/mL), 1 4L kinetoplast DNA{0.2 ug), and
1 pl. DMSO-containing cocoa procyanidin test fractions at
various concentrations. This combination was mixed thor-
oughly and kept on ice. One unit of topoisomerase was
added immediately before incubation in a waterbath at 34°
C. for 30 min.

Following incubation, the decatenation assay was stopped
by the addition of 5 4L stop buffer (5% sarkosyl, 0.0025%
bromophenol blue, 25% giyeerol) and placed on ice. DNA
was electrophoresed on a 1% spgarose gel in TAE buffer
containing ethidium bromide (0.5 pg/ml). Ultraviolet iliu-
mination at 310 nm wavelength allowed the visualization of
DNA. The gels were photographed using & Polaroid Land
camera.

FIG. 17 shows the results of these experiments. Fully
catenated kinetoplast DNA does not migrate into 2 1%
agarose gel. Decatenation of kinetoplast DNA by topoi-
somerase Il generates bands of monomeric DNA (monomer
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circle, forms 1 and If) which do migrate into the gel.
Inhibition of the enzyme by addition of cocoa procyanidins
is apparent by the progressive disappearance of the mono-
mer bands as a function of increasing concentration. Based
on these results, cocoa procyanidin fractions A, B, D, and E
were shown to inhibit topoisomerase I at concentrations
ranging from 0.5 1o 5.0 gg/ml. These inhibitor concentra-
tions were very similar to those obtained for mitoxanthrone
and m-AMSA [4-{%-acridinylamino)nethanesulfon-m-
amisidide].

B. Drug Sensitive Cell-Lines

Cocoa procyanidins were screened for cytotoxicity
against several DNA-damage sensitive cell lines. One of the
cell lines was the xrs-6 DNA double strand break repair
mutant developed by P. Jeggo (Kemp et ak., 1984). The DNA
repair deficiency of the xrs-6 cell line renders them particu-
larly sensitive to x-irradiation, to compounds that produce
DNA double strand breaks directty, such as blecomycin, and
to dompourxds that inhibil lopoisomerase 11, and thus may
indirectly induce double sirand breaks as suggested by
carfers et al. (1991). The cytotoxicity toward the repair
deficient line was compared to the cytotoxicity against a
DINA repair proficient CHO line, BR1. Enhanced cytotox-
icity towards the repair deficient (xrs-6) line was interpreted
as evidence for DNA cleavable double strand break forma-
tion.

The DNA repair competent CHO line, BR1, was devel-
oped by Barrows et al. (1987) and expresses
0% alkylguanine—DNA—alkyliransferase in addition to
normal CHO DNA repair enzymes. The CHO double strand
brezk repair deficient line (Xrs-0) was a generous gift from
Dr. P. Jeggo and co-workers {Jeggo et al, 1989). Both of
these lines were grown as monolayers in alpha-MEM con-
taimng serum and antibiotics as described in Example 6.
Cells were maintained at 37° C. in a bumidified 5% CO,
atrnosphere, Before treaiment with cocoa procyaniding, cells
grown as morrolayers were delached with trypsin treatment.
Assays were performned using the MTT assay procedure
described in Example 6.

The results (FIG. 18) indicated no enharced cytotoxicity
towards the xrs-6 cells suggesting that the cocoa procyani-
dins inhibited topoisomerase I in a manner differeat from
cleavable double strand hreak formation. That is, the cocoa
procyanidins interact with topoisomerase Il before it has
interacted with the DNA to form 2 noncleavable complex.

Noncleavable complex forming compounds are relatively
new discoveries. Members of the anthracyclines, podophyl-
lin alkaloids, anthracenediones, acridines, and ellipticines
are all approved for clinical anti-cancer, anti-tumor or anti-
neoplastic use, and they produce cleavable complexes (Liu,
1989}, Several new classes of topoisomerase I inhibilors
have recently been identified which do not appesr to produce
cleavable complexes. These include amonafide (Hsiang et
al, 1989), distamycin (Fesen et al, 1989), flavanoids
{Yamashita ¢t al., 1990), saintopin (Yamashita et al., 1991),
membranone (Drake et al., 19089), terpenolds (Kawada et al,,
1991), anthrapyrazoles (Fry et al,, 1985), dioxopiperazines
{Tanabe ct al, 1991), and the marine acridine—dercilin
(Burres et al., 1989).

Since the cocoa procyaniding inactivate topoisomerase 11
before cleavable complexes are formed, they have chemo-
therapy value cither alone or in combination with other
known and mechanistically defined topoisomerase I inhibi-
tors. Additionally, cocoa procvanidins also appear 1o be a
novel class of wpoisomerase 11 inhibitors, (Kashiwadact al,,
1993) and may thus be less 1oxic te cells than other known
inhibitors, thereby enhancing their viility in chemotherapy.
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The buman breast cancer cell Hne MCF-7 (ADR) which
expresses a membrane bound glycoprotein (gpl70) to confer
multi-drug resistance (Leonessa et al., $994) and its parcntal
line MCF-7 pl68 were used to assay the effects of cocoa
fraction D & E. As shown in FIG. 19, the parental line was
inhibited at increasing dose levels of fraction D & E,
whereas the Adramycin (ADR) resistant line was less
cffected at the higher dosss. These results show that cocoa
fraction D & E has an effect on multi-drug resistant cell
lines.

Example 1
Synthesis of Procyanidins

The synthesis of procyanidins was performed according
to the procedures developed by Delcour et af. {1983), with
modification. In addition to condensing (+)-catechin with
dibydroquercetin under reducing conditions, (-)-epicatechin
was also used to reflect the high concentrations of (~)-
epicatechin that naturally occur in unfermented cocoa beans.
The syathesis products were isolated, purified, apalyzed, and
identified by the procedures described in Examples 3, 4 and
5. In this manner, the biflavanoids, triflavanoids and tetrafla-
vanoids are prepared and used as analytical stapdards snd, in
the manper described above with respect to cocoa extracts.

Example 12

Assay of Normal Phase semi-Preparative Fractions

Sipce the polyphenol extracis are compesitionally
complex, it was necessary to determine which components
were active against cancer cell lines for furthor purification,
dost-response assays and comprehensive structural identi-
fication. A pormal phese semi preparative HPLC separation
(Example 3B) was used 1o separate cocog procyanidios on
the basis of oligomeric size. In addition to the original
extract, twelve fractions were prepared (FIGS. 2B and 150)
and assayed at 100 pg/mL and 25 ug/mi. doses against Hela
to determine which oligomer possessed the greatest activity.
As shown in FIG, 20, fractivns 4-11 {pentamer-dodecamer)
demonstrated IC;, values of approximately 25 ug/mi.
These results indicated that these specific oligomers had the
greatest activity against Hela cells. Additionally, normal
phase HPLC analysis of cocoa fraction D & E indicated that
this fraction was eariched with these oligomers.

From the foregoing, it is clear that the extract aad cocoa
polyphenals, as well as the compositions method and kit, of
(ke invention have ettlity. In this regard, it is mentioned that
the mvention is from an edible source and, that the activity
in vitro can demonstrate at least some activity in vivo,
especially considering the doses discussed above.

Additionally, the above deseription shows that the extract
and cocoa polyphenols, as well as the compositions, method
and kit have antioxidant activity like that of BHT and BHA,
as well as oxidative stability. Thus, the invention can be
employed in place of BHT or BHA in konown utilities of
BHA and BHT, such as an antioxidant, for iostance, an
antioxidant food additive. The invention can also be
employed in place of topoisomerase-inhibitors in the pres-
ently known utilities therefor. Accordingly, there are many
compositions aod methods envisioned by the invention; for
instance, antioxidant or preservalive composilions,
topoisomerase-inhibiting compositions, methods for pre-
serving food or any desired item such as from oxidation, amd
methods for inhibiting topoisomerase which comprise cither
the extract and/or cocoa polyphenol(s) or which comprise
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contacting the food, item or fopeisomerase with the respec-
tive composition or with the extract andfor coooa poly-
phenol(s). i

Having hus described in detail the preferred embodi-
ments of the presen! invention, it is to be understood that the
invention defined by the appended claims is not to be limited
by particular details set fonkh in the above descriptions as
many apparent variations thereof are possible without
departing from the spirit or scope of the present invention.
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What is claimed is:

1. A crude cocea extract prepared by solvent extracting
ground, defatted cocoa beans, which extract comprises a
mixture of solvent-derived cocoa polyphenols.

2. A crude cocoa exiract which comprises a mixture of
cocoa polyphenols.

3. The extract of claim I or 2, wherein the cocoa polyphe-
nols comprise catechin, epicatechin, and procyanidin oligo-
mers thereof.

4. The extract of claim 3, wherein the oligomers are
dimers through dodecamers. )

5. The extract of claim 1 or 2, wherein the crude cocos
extract is fractionated into monomeric and oligomeric frac-
trons.

6. The extract of claim 8, wherein the monomeric frac-
tions comprise epicatechin and catechin.

7. The extract of claim 5, wherein the oligomeric fractions
comprise cocod procyaniding selected from the group con-
sisting of dimers through dodecamers.

8. The extract of claim $, wherein the fractions are pooled
fractions.

9. The extract of claim 1 or 2, which is prepared from
freeze dried cocon beans.

10. The extract of claim 1 or 2, wherein the cocoa besns
are fermented.

11. The extract of claim 1 or 2, wherein the coooa beans
are unfermented.

12. The extract of claim 1 or 2, wherein the cocoa beans
are selected from the grouvp cossisting of Trinitaro,
Forastero, and Criollo cocoa beans.

13. The extract of claim 1 or 2, which is purfied by gel
permeation chromatography.

14. The extract of claim 1 or 2, which is purified by
preparative high performance liquid chromatography.

15, The extract of claim 13, which is purified by prepara-
tive high pecformance liquid chromatography.

16. The extract of claim 14, wherein the preparative high
performance liquid chromatography is reverse phase pre-
parative high performance liquid chromatography.

17. The extract of claim 14, wherein the prepazative igh
performance liquid chromatography is normal phase pre-
parative high performance liquid chromatography.

18 The extract of claim 1 or 2, wherein the solvent
comprises acetone and water, methanol and water, or ethyl
acetate.

19, The extract of claim 18, wherein the solvent is acetone
and water.

20. The extract of claim 18, whercio the solvent is
methanol and water.

21. The extract of claim 18, wherein the solvent is ethyl
acetate.

22. The extract of claim 1 or 2 in lquid form.

23, The extract of claim 1 or 2 in dry form.

24. The extract of claim 23 in lyophilized form.
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