Office de la Proprieté Canadian CA 2536842 C 2014/10/07

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 536 842
gln gfgamsg‘e ; m age”f:y of ; 12) BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) G
(86) Date de depot PCT/PCT Filing Date: 2004/08/30 (51) Cl.Int./Int.Cl. CO7D 377/62(2006.01),
S e . A6TK 31/353(2006.01), A671FP 29/00 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2005/03/10 AG1P 39/06 (2006.01), CO7C 49/747 (2006.01)
(45) Date de délivrance/lssue Date: 2014/10/07 C12P 17/06 (2006.01), C12P 7/26 (2006.01)
(85) Entree phase nationale/National Entry: 2006/02/24 (72) Inventeurs/Inventors:
(86) N° demande PCT/PCT Application No.: US 2004/028164 RO, CHI-TANG, US;
L o GHAI GE _THA US
(87) N° publication PCT/PCT Publication No.: 2005/021479 SANG SHENGMIN. US:

(30) Priornte/Priority: 2003/08/29 (US10/652,813) JHOO, JIN-WOO, USJ

(73) Proprietaires/Owners:
WELLGEN, INC., US;

(54) Titre : DERIVES DE BENZOTROPOLONE ET MODULATION DE REPONSE INFLAMMATOIRE
(54) Title:. BENZOTROPOLONE DERIVATIVES AND MODULATION OF INFLAMMATORY RESPONSE

(57) Abrégée/Abstract:
The present invention provides novel benzotropolone derivatives represented by the general formula: including neotheaflavate B
and EGCGCa. The benzotropolone derivatives of the present invention are effective antioxidant and anti-inflammatory agents. The

<o
SoTEEN S /7

e

' A

3 '_{,-.Tl'.
o~

‘ l an a d a http:/opic.ge.ca + Ottawa/Gatineau K1A 0C9 - hmp./cipo.ge.ca o p1C
OPIC - CIPO 191




CA 2536842 C 2014/10/07

anen 2 536 842
13) C

(72) Inventeurs(suite)/Inventors(continued): HUANG, MOU-TUAN, US; ROSEN, ROBERT T., US; DUSHENKOV, SLAVIK, US
(73) Proprietaires(suite)/Owners(continued):RUTGERS, THE STATE UNIVERSITY OF NEW JERSEY, US

(74) Agent: OSL

=R,

OSKIN & HA

RCOURT LLP

(57) Abrege(suite)/Abstract(continued):
present invention also provides novel method of synthesizing benzotropolone compounds In high yields and method of treating
Inflammatory conditions using benzotropolone, containing compounds.



0057021479 A1 0L AV 0 00 00 AR A 0 0

CA 02536842 2006-02-24

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau

(43) International Publication Date

10 March 2005 (10.03.2005) PCT

(51) International Patent Classification’: CO07C 45/00,
CO7D 311/78, 315/00, A61K 31/12

(21) International Application Number:
PCT/US2004/028164

(22) International Filing Date: 30 August 2004 (30.08.2004)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
10/652,813 29 August 2003 (29.08.2003) US

(71) Applicants (for all designated States except US): WELL-
GEN, INC. [US/US]; 63 Dudley Road, New Brunswick,
NJ 08901 (US). RUTGERS, THE STATE UNIVERSITY
OF NEW JERSEY [US/US]; Cook College, 88 Lipman
Drive, New Brunswick, NJ 08901 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): HO, Chi-Tang
[US/US]; 32 Jernee Drive, East Brunswick, NJ 08816
(US). GHAIL, Geetha [US/US]; 250 Gallinson Drive,
Murray Hill, NJ 07974 (US). SANG, Shengmin [US/US];
4 Civic Center Drive, Apt. 10, East Brunswick, NJ 08816
(US). JHOO, Jin-Woo [US/US]; 123 Marvin Lane, Pis-
cataway, NJ 08854 (US). HUANG, Mou-Tuan [US/US];
266 Alfred Street, Englewood Cliffs, NJ 07632 (US).
ROSEN, Robert, T. [US/US]; 347 Harrier Drive, Mon-
roe Township, NJ 08831 (US). DUSHENKOYV, Slavik
[US/US]; 224 A Warren Avenue, Fort Lee, NJ 07024 (US).

(10) International Publication Number

WO 2005/021479 A1l

(74) Agent: MCNICHOL, Williams, J., Jr.; Reed Smith LLP,
2500 One Liberty Place, 1650 Market Street, Philadelphia,
PA 19103 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KL,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
7ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI,
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

—  with international search report

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: BENZOTROPOLONE DERIVATIVES AND MODULATION OF INFLAMMATORY RESPONSE

()

e\ (57) Abstract: The present invention provides novel benzotropolone derivatives represented by the general formula: including
neotheaflavate B and EGCGCa. The benzotropolone derivatives of the present invention are effective antioxidant and anti-inflam-
matory agents. The present invention also provides novel method of synthesizing benzotropolone compounds in high yields and
method of treating inflammatory conditions using benzotropolone, containing compounds.




CA 02536842 2012-03-29

BENZOTROPOLONE DERIVATIVES AND MODULATION OF
INFLAMMATORY RESPONSE

FIELD OF THE INVENTION
The present invention relates to compounds that contain benzotropolone moieties

and their use as antioxidants and anti-inflammatory pharmaceutical agents, as well as a

novel method of making such compounds.

BACKGROUND OF THE INVENTION

A number of pharmaceutical agents have been developed for use as antioxidants
and anti-inflammatory agents. These pharmaceutical agents, particularly anti-
inflammatory agents, have adverse actions such as drowsiness, gastrointestinal troubles,
and their continuous administration for a long period cause a problem.

Because of these adverse reactions, there is a strong demand for antioxidant and anti-
inflammatory pharmaceutical agents derived from natural products which can be
administered long term, are safe, and cause no adverse reactions.

Tea (Camellia sinensis (L.) Kuntze) is one of the most popular beverages in the
world. Tea leaf is known to be rich in flavonoids, including catechins, and their
derivatives. which are polyphenols (a compound consisting of one aromatic ring which
contains at least one hydroxyl group is classified as a simple phenol. A polyphenol
therefore consists of more than one aromatic ring, and more than two hydroxyl groups).

Many studies have demonstrated that green tea and black tea polyphenols have
anti-inflammatory, anti-cancer, and anti-cardiovascular disease activity (Vinson, 2000,
Biofactors 13: 127-132; Weisburger et al., 2002, Food & Chemical Toxicology, 40:1145-
1154.). These biological activities are believed to be due to their antioxidant activity
through scavenging reactive oxygen species (ROS) and free radicals. Theaflavins have
been regarded as one of the important biologically active components in black tea and the

green tea catechins are of similar importance. Indeed, there are a number of reports
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disclosing the biological activities of theaflavins as a mixture. However, even though tea
is consumed daily and in large quantities throughout the world, limited information 1s
available concerning biological activity of individual tea components or their use as
pharmaceutical agents.

There are a number of prior art references, which disclose compounds having
chemical structural formulas to some of those disclosed 1n the present mnvention (Coxon
et al., 1970, Tetrahedron Letters, 60: 5241-5246; Leung et al., 2001, The Journal of
Nutrition, 2248-2251; Lewis et al., 1998, Phytochemistry, 49: 2511-2519; Lin et al.,
1999, European Journal of Pharmacology, 376: 379-388; Miller et al., 1996, FEBS
Letters, 392: 40-44; Obanda et al., 2001, Food Chemistry, 75: 395-404; Shiraki et al.,
1994, Mutat. Res., 323: 29-34; Tanaka et al., 2001, J. Agric. Food Chem, 49: 5785-5789;
Tanaka et al., 2002, J. Agric. Food Chem, 50: 2142-2148; Wan et. al., 1997, J. Sci1. Food
Agric., 74: 401-408; Wiseman et al., 1997, Critical Reviews 1n Food Science and
Nutrition, 37: 705-718; Yang et al., 1997, Carcinogenesis, 18: 2361-2365). These prior
art references disclose the chemuistry of polyphenolic compounds 1solated from tea. Some
of these compounds contain benzotropolone moiety. |

The present inventors have sought to discover pharmaceutical preparations having
antioxidant and anti-inflammatory activity, and to identify essential agent(s) for treating

inflammatory conditions. The present inventors have found that the compounds of the
present invention having benzotropolone as a common moiety possess anti-inflammatory
activity and that the compounds of the present invention can be prepared by employing

simple and unique methods of synthesis.

SUMMARY OF THE INVENTION

The present invention provides therapeutic and preventive agents for scavenging
free radicals and for inflammatory conditions, which show a high safety even in a long-
term administration and are able to be utilized as part of food, beverage and/or cosmetic
products that are used daily.

In its general aspect, the present invention discloses various compounds having a
benzotropolone moiety within their structure and are capable of exhibiting potent anti-
inflammatory action. Further, it has been surprisingly discovered that substantially pure

compounds in high yields can be synthesized by oxidative coupling of a molecule
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containing pyrogallol unit (such as epigallocatechin or epigallocatechin gallate) and a

molecule containing a catechol unit (such as epicatechin or epicatechin gallate) by using a

peroxidase in the presence ot H;0».
In specific aspects, the present invention discloses benzotropolone-containing

compounds and benzotropolone derivatives represented by the general formula:

In one embodiment, the present invention provides a composition, which ts useful
for modulating inflammatory conditions and/or use as an antioxidant in a mammal,
having one or more benzotropolone derivatives and optionally a carrier, diluent or
excipient. The benzotropolone containing compounds of the present invention can be
those extracted from natural products or prepared synthetically and the composition can
have a pharmaceutical ingredient or a nutraceutical ingredient or a combination of these
ingredients as bioactive ingredients for modulating inflammatory conditions and/or use as
an antioxidant in a mammal.

In another embodiment, a method of treating or reducing the progression ot an
inflammatory condition in a mammal by administering a composition having
benzotropolone containing compound(s) is provided.

In another embodiment, use of a composition having benzotropolone containing
compound(s) for the manufacture of a medicament for treating or reducing the
progression of an inflammatory condition in a mammal is provided.

The benzotropolone containing compounds of the present invention can be made
in forms suitable for oral delivery or non-oral deliveries such as, for example, topical

administration. In case of oral administration, the benzotropolone containing compounds
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of the present invention can be administered to keep blood concentration sufficient
enough to allow the manifestation of pharmacological effect, and the number of oral
administration per day can be set as desired, particularly in light of the fact that the
compounds of the present invention show minimal toxicity, if any.

In yet another embodiment, a simple, easy to control and reproducible method for
synthesizing a benzotropolone derivative is provided. The synthesis involves, among
other things, reacting a molecule comprising a pyrogallol unit with a molecule comprising

a catechol unit 1n the presence of a peroxidase and H,O,.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows effect of theaflavin mixture (TFs), EGCCa and EGCGCa on
TPA-induced inflammation in ears of CD-1 mice.

Figure 2 shows effect of the TFs, EGCCa and EGCGCa on TPA-induced
inflammation in ears of CD-1 mice and formation of interleukin-6 (IL-6).

Figure 3 shows effect of the TFs, EGCCa and EGCGCa on TPA-induced

inflammation in ears of CD-1 mice and formation of leukotriene B4 (LTB,).

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In one aspect of the invention, the present invention is directed to compositions
having benzotropolone containing compounds (i.e., compounds with benzotropolone ring
structures). Benzotropolone is a common moiety of numerous natural products. For
example, theaflavins found in tea contain benzotropolone nucleus. The four major
theaflavins that can be obtained from black tea are theaflavin, theaflavin-3-gallate,
theatlavin-3’-gallate, theaflavin-3,3’-digallate. The other benzotropolone containing
compounds that can be obtained from black tea are epitheaflavic acid, epitheaflavic acid-
3°-O-gallate, 1sotheaflavin, theaflavate A, theaflavate B, isotheaflavin-3’-O-gallate and
neotheaflavin-3-O-gallate.

Theaflavins can be produced by enzymatic oxidation of their parent flavonols, i.e.,
a catechol or di-hydroxylated B ring unit and a pyrogallol or tri-hydroxylated B ring unit

to their quinones, and followed by their condensation. Theaflavin, for example, is a

chemical compound that is the oxidation and condensation product of (-)-epicatechin and
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(-)-epigallocatechin. Listed in table 1 below are the parent flavonols of some of the

benzotropolone containing compounds of the present invention.

Table 1. Parent flavonols of theaflavins and epitheaflavic acids

‘Theaflavins ' * Parent flavonols

" Theaflavin | (-)-epicatechin (EC) and (-)-epigallocatechin (EGC
Theatlavin-3-gallate (-)-epicatechin and (-)-epigallocatechin gallate (EGCGQ)
Theatflavin-3’-gallate (-)-epicatechin gallate (ECG) and: (-)-epigallocatechin

Theaflavin-3,3’-digallate (-)-epicatechin gallate and (-)-epigallocatechin gallate
Epitheaflavic acid (-)-epicatechin and gallic acid (GA)
Epitheaflavic acid gallate (-)-epicatechin gallate and gallic acid

The benzotropolone containing compounds of the invention are those isolated
from tea extracts and/or those synthesized by chemical oxidation of specific precursor

compounds such as pyrogallol unit containing molecules and catechol unit containing

molecules.

The preferred benzotropolone containing compounds that are useful and

specifically contemplated in the present invention are:

Group 1: Theaflavins (general structures of black tea theaflavins): compounds # 1,
2,3,4,5,6
1. Theaflavin

2. Theaflavin 3-gallate

3. Theaflavin 3'-gallate

4. Theaflavin 3,3'-digallate
5. Neotheaflavin

6. Neotheaflavin 3-gallate
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(Ec; EGC) Theaflavin: R_1=R2=
e D Thonn-oga ate: Jiga oyl Mot (C, EGC) NeoTheaflavin: R=H

(EGC, ECG) Theaflavin-3'-gallate: Rj=H; Ry=galloyl (C, EGCG) NeoTheaflavin-3-gallate: R=gallo:

(ECG, EGCG) Theaflavin-3,3'-digallate; Rj=Ry=galloyl

Group 2: Theatlavate (benzotropolone structure contains an ester group): Compounds ;
8,9

7. Theaflavate A
8. Theaflavate B

9. Neotheaflavate B

(ECG) Theaflavate A:
(EC, ECQG) Theaflavate B: (G, ]f:_(.:G)...

Group 3: Theaflavic acid (benzotropolone structure contains a carboxylic group):
Compounds # 10, 11, 12, 17

10. Theaflavic acid (CGA)

r7,
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11. Epitheaflavic acid
12. Epitheatlavic acid 3-gallate

17. Purpurogallin carboxylic acid

(EC, Gallic acid) Epitheaflavic acid: R=H o o
(ECG, Gallic acid) Epitheaflavic acid-3'-gallate: R=galloyl (C, Gallic acid) Theaflavic aci

(Gallic acid) Purpurogallin carboxylic acid

Group 4: Catechol derived benzotropolones: Compounds #13, 14, 15, 16

13. EGCCa
14. EGCGCa

15. GACa

16. Purpurogallin
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(Catechol, EGC) EGCCa: R=H (Catechol, Gallic acid) GACa
(Catechol, EGCG) EGCGCa: R=gallate

(Pyrogallol) Purpurogallin

Group 5: Interaction products of pyrogallol and tea catechins, catechol and caffeic acid:
Compounds 18, 19, 20, 21, 22

(EC, Pyrogallol) 18: R=H
(ECG, Pyrogallol) 19: R=galloyl (C, Pyrogallol) 20

(Catechol, Pyrogallol) 21 (Caffeic acid, Pyrogallol) 22
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Group 6: Interaction products of chlorogenic acid or caffeic acid and catechins:
Compounds 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33

OH

HO OH HO OH

(Chlorogenic acid, Pyrogallol) 23: R=H (Chlorogenic acid, EGC) 25: R=H
(Chlorogenic acid, Garlic acid) 24: R=COOH  (Chlorogenic acid, EGCG) 26: R=galloyl

HO OH
(Chlorogenic acid, ECG) 27: R=H (Caffeic acid, ECG) 29: R=H
(Chlorogenic acid, EGCG) 28: R=0OH (Caffeic acid, EGCG) 30: R=OH
OH
HOOC OH
HO
O
OH
HOOC
HOOC OH

(Caffeic acid, Garlic acid) 33
(Caffeic acid, EGC) 31:R=H
(Caffeic acid, EGCG) 32: R=galloyl
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Group 7: Derivatives of purpurogallin, purpurogallin carboxylic acid and GACa or other
benzotropolone molecules (H of OH group replaced with acetate, methyl, ethyl, propyl or
higher alkyl groups), such as: Compounds 34, 35 and 36

34 35 36

Of the above listed compounds, some compounds are already known to one
skilled 1n the art as they have already been reported in the literature and some are novel
and not known to one skilled in the art. For example, compound 9 (group 2) or
compound 14 (group 4) or compounds listed under group 5 through group 7 are novel.

In another aspect, the present invention 1s directed to a unique, simple, easy
control and reproducible manufacturing process that can enable efficient production of
substantially pure benzotropolone containing compounds in high yields. For example, the
theaflavins yields at least matching those obtained with prior art known methods have
been achieved 1n accordance with the method of the invention in its simplest form.
Specifically, for example, in the case of theaflavin 3-gallate, when the starting materials
(parent flavonols) are one gram each (EC and EGCG, 1g each), theaflavin 3-gallate yields ‘
of at least 0.2 g are achievable by the present method. The process involves a peroxidase
catalyzed coupling of pyrogallol unit containing molecule(s) and/or catechol unit
containing molecule(s) in the presence of H,O,.

For example, to prepare compounds 1 through 17 under groups 1-4 above in
accordance with the methods of the present invention, parent flavonols are dissolved in a
suitable buffer containing a peroxidase enzyme. The enzyme substrate, H,O, is added to
the mixture and the reaction mixture 1s extracted by a suitable solvent. The extract is
subjected to column separation and eluted with a suitable solvent system to obtain

benzotropolone containing compounds in high yields. The specific details about the

10
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synthesis of these compounds have been provided elsewhere in the specification. Based
on these examples one skilled in the art would know how to choose the parent compounds
(or parent flavonols) and suitable reagents and conditions in order to synthesize various
benotropolone containing compounds or benotropolone derivatives of the invention.

For example, to prepare compounds 18-23 listed above, the following method can
be used: First, the appropriate parent flavonol(s) is dissolved in a mixture of acetone-pH
5.0 phosphate citrate buffer (1:10, v/v, 50 mL), containing horseradish peroxidase and 1.0
ml of 3.13% H;0O,. Then, while being stirred, an ice-cooled solution of pyrogallol in H,O

1s added 1n drops for about 45 minutes. The reaction mixture is extracted by ethyl acetate
(50 ml x 3). After concentration, the residue is subjected to Sephadex LH 20 column and

eluted with acetone-water solvent system (40 %). The appropriate parent compound in
each case 1s as follows: EC (for compound 18), ECG (for compound 19), cateching (for
compound 20), catechol (for compound 21); caffeic acid (for compound 22) and
chlorogenic acid (for compound 23)

Likewise, for example, to prepare compounds 24-33 listed above, the following
method can be used: First, appropriate parent flavonols are dissolved in a mixture of
acetone-pH 5.0 phosphate citrate buffer (1:10, v/v, 50 mL) containing horseradish
peroxidase. Then, while being stirred, 2.0 ml of 3.13% H,0, is added four times during

45 minutes. The reaction mixture is extracted by ethyl acetate (50 ml x 3). After

concentration, the residue is subjected to Sephadex LH 20 column eluted with acetone-
water solvent system (40 %). '

The appropriate parent compounds in each case are as follows: Chlorogenic acid
and Garlic acid (for compound 24), Chlorogenic acid and EGC (for compound 25),
Chlorogenic acid and EGCG (for compound 26), Chlorogenic acid and ECG (for
compound 27); Chlorogenic acid and EGCG (for compound 28) and Caffeic acid and
ECG (for compound 29) Caffeic acid and EGCG (for compound 30), Caffeic acid and
EGC (for compound 31), Caffeic acid and EGCG (for compound 32), Caffeic acid and
Garlic acid (for compound 33).

To prepare compound 34 listed above, first, Purpurogallin is reacted with acetic
anhydrate 1n pyridine at room temperature for overnight. Then, after evaporation of the
solvent in vacuo, the residue 1s applied to Sephadex LH 20 column eluted with acetone-

water solvent system (40 %) to obtain the compound.

11




CA 02536842 2006-02-24
WO 2005/021479 PCT/US2004/028164

To prepare compound 35 listed above, first, a solution of GACa in methanol is
acidified with concentrated hydrochloric acid. Then, the mixture is stirred and heated to
reflux for 30 min and then extracted with ethyl acetate. After evaporation, the residue 1s
reacted with acetic anhydrate in pyridine at room temperature for overnight. After
evaporation of the solvent in vacuo, the residue is applied to Sephadex LH 20 column
eluted with acetone-water solvent system (40 %) to obtain the compound.

To prepare compound 36 listed above, first, a solution of Purpurogallin in
methanol 1s acidified with concentrated hydrochloric acid. Then, the mixture is stirred
and heated to reflux for 30 min and then extracted with ethyl acetate. After evaporation,
the residue is reacted with acetic anhydrate in pyridine at room temperature for overnight.
After evaporation of the solvent in vacuo, the residue is applied to Sephadex LH 20
column eluted with acetone-water solvent system (40 %) to obtain the compound.

In an asfaect of the present invention, compositions having a phannaceuticél or a
nutraceutical agent useful for the treatment or prevention of an ailment or a symptom
thereof (e.g., inflammation), are disclosed. The composition of the present invention may
also be used as antioxidants. The pharmaceutical or a nutraceutical agent in the
composition includes at least one benzotropolone compound or derivative thereof as a
biologically active agent. The composition may be formulated into liquid, solid or
powder forms and administered to a mammal, including humans, in need thereof.

A pharmaceutical, as used herein, is a synthetically produced bioactive compound,
where no structurally identical and naturally produced analog to the synthetically
produced bioactive compound exists. Alternatively, a pharmaceutical is a biologically
active compound derived from natural sources (e.g., plants and plant products) but is not
a food 1tem, or a food additive or a dietary supplement. Nutraceutical as contemplated
herein refers to a food item, or a food additive or a dietary supplement that offers
ameliorative health or medical effects, including prevention and/or treatment of disease.
A dietary supplement is one which is used to supplement one or more dietary (food)
ingredients such as minerals, vitamins, herbs, or herbal extract, carbohydrate, a fat, a
protein or combinations of these ingredients.

In addition to the benozotropolone compound or derivative thereof as a
biologically active compound in the composition, a pharmaceutical or a nutraceutical

agent used 1 the composition of the present invention may further include conventionally

12
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used compounds (e.g., ibuprofen, aspirin, NSAIDS, vitamin E, and/or orange peel extract

or other herbal exiracts; See, WO 01/21137) for the freatment or prevention of a given
ailment. Further, the pharmaceutical and nutraceutical used in the present invention

include the equivalent salts of the benzotropolone containing compounds, which achieve
substantially the same effect as the pharmaceutical or the nutraceutical. In an embodiment
of the invention, use of a nutraceutical agent in the composition may be optional to

mmprove the efficacy of a pharmaceutical agent in the composition for the treatment or
prevention of the given ailment. Likewise, use of a pharmaceutical agent in the composition
may be optional to improve the efficacy of a nutraceutical agent in the composition for the
freatment or prevention of the given ailment. Alternatively, the pharmaceutical and

nutraceutical may be combined and processed into a suitable formulation.

As already noted, the composition of the present invention includes an effective
amount of at least one benzotropolone compound or derivative thereof as a biologically
active agent. In an embodiment, more than one benzotropolone compound or derivative
thereof 1s used in the composition. They may be present in amounts ranging from none to
all of the effective amount or to amounts less than all of the effective proportion or
amount, provided that at least one benzotropolone compound or derivative thereof is
present in an amount effective to treat or prevent inflammatory condition. For example, a
composttion may have an effective amount of EC, Pyrogallol (i.e., compound 18
disclosed above) as a benzotropolone containing compound or derivative. In addition, for
example, the composition may have neotheaflavate B and/or EGCGCa as additional
benzotropolone containing compounds or derivatives. The additional benzotropolone
containing compounds or derivatives may be present from none to a fraction or all of an
amnount effective as anti-inflammatory compounds or antioxidants. While, the presence
of additional benzotropolone containing compounds do not affect the effectiveness of the
composition, these may improve (or synergistic to) the efficacy of a benzotropolone
containing compounds or derivatives in the composition.

In another aspect, the present invention also discloses antioxidant activities of the
compositions having benzotropolone containing compounds disclosed herein. Oxygen
radical absorbence capacity (ORAC) assay, which is a measure of free radical scavenging

ability, is simple and sensitive method to measure the oxygen-radical absorbing capacity.

13
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It has been widely used for measuring the antioxidant activity of food and nutraceutical
components. ORAC assay was developed by Cao et al., 1993, Free Radical Biol. Med.
14:303-311. In the assay, B-phycoerythrin (B-PE) was used as fluorescent indicator
protein and 2,2’-Azobis(2-amidinopropane) dihydrochloride (AAPH) used as a peroxy
radical generator. B-PE is a photosynthetic protein found in red algae. B-PE has been used
as fluorescent probe because of its distinct excitation and emission wavelength (EX.
340nm, Em. 565nm). The use of 3-PE as a fluorescent probe, however, has certain
defects. When reactive oxygen species attack the B-PE, it can easily lose the
fluorescence. Furthermore, the ORAC value can be affected by possible interaction
between polyphenols and proteins. Recently, Ou et al., 2001, J. Agric. Food Chem..
49:4619-4626 reported an improved ORAC method using fluorescein, instead of B-PE, as
a fluorescent probe. Accordingly, fluorescein 1s used as a fluorescent probe in ORAC
assays for testing the antioxidant activities of the compounds of the present invention.

In yet another aspect of the invention, the present invention is directed to a
method of preventing and/or treating inflammation in an animal using compositions
having benzotropolone containing compounds disclosed herein. A number of studies
revealed that green tea and black tea polyphenols have anti-inflammatory activity along
with considerable amount of epidemiological evidence. The anti-inflammatory activity
(or anti-edema) of benzotropolone containing compounds of the present invention can be
tested using 12-0-tetradecanoylphorbol-13-acetate (TPA) TPA-induced inflammatory
skin edema assay. Application of TPA on skin results in induction of ornithine
decarboxylase activity that increases the polyamine level and epidermal hyperplasia, and
inflammation, and pro-inflammatory cytokine (e.g.,IL-1p) and prostaglandins
(prostaglandin E;) production at the site. The benzotropolone containing compounds can
be applied either prior to or subsequent to or simultaneously with the topical application
of TPA to skin tissue (e.g. mice ear).

Indeed, the mhibitory effects of some black tea polyphenols, including theaflavin,
a mixture of theafavin-3-gallate and theaflavin-3'-gallate, theaflavin-3,3'-digallate, and the
green tea polyphenol (-)-epigallocatechin-3-gallate (EGCG) on 12-O-
tetradecanoylphorbol-13-acetate (TPA)-induced edema and ornithine decarboxylase

(ODC) activity was recently studied (Liang et al. 2002, Nutrition and Cancer 42(2): 217-
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223). Topical application of these polyphenols onto experimental mice resulted in
inhibition of TPA-induced ear edema and skin epidermal ODC activity:.

To explain the structure-activity relationship of three theaflavins and anti-
inflammatory activity, there are two possibilities that are commonly accepted in the field.

(a) Since TF-3 molecule has 13 OH (phenolic) groups, TF-2 has 10 OH groups
and TF-1 has 7 OH groups, it is therefore the more OH group the stronger the anti-
inflammatory activity.

(b) Smce TF-3 contains two gallate groups, TF-2 contains one gallate group and
TF-1 contain no gallate, 1t 1s therefore the more gallate group the stronger anti-
inflammatory activity.

The present inventors have, however, unexpectedly found that this explanation is
incorrect, and that it is the presence of benzotropolone unit or moiety that is important,
which may even be for conferring the anti-inflammatory property. For example, it has
been found that there is no relationship between the number of OH group and anti-
inflammatory activity. Many compounds that have no gallic group such as EGCCa
showed comparable activity to theaflavin monogallates. See Example V below. Of the
anti-inflammatory agents of the present invention, benzotropolone derivatives are
preferred.

The compositions useful in the context of the present inventive method can be
administered to an animal, especially a mammal, and preferably a human, by any suitable
means or routes. Oral administration is preferred, but other routes of administration such
as parenteral and topical administration can be used. The compounds of the present
invention can be administered alone or they can be mixed with a pharmaceutically
acceptable carrier or diluent depending on the mode of administration. For oral
administration, for example, the compounds of this invention can be administered in its
pure form as powders or administered in the form of tablets, capsules, lozenges, syrups,
elixirs, solutions, suspensions and the like, in accordance with the standard
pharmaceutical practice.

The effectiveness of the compositions having compounds and derivatives of the
present invention, whether by oral or topical delivery, has been shown herein by using an

art recognized animal model system (Sala et al., 2003, European Journal of Pharmacology
461(1): 53-61; Ukiya et al., 2001, Journal of Agricultural and Food Chemistry 49(7):
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3187-3197; Huang et al., 2003, Protective effect of dibenzoylmethane on chemically- and
UV light-induced skin, inflammation, sunburn lesions, and skin carcinogenesis in mice,
In: Food Factors in Health Promotion and Disease Prevention, F. Shahidi, C.-T. Ho, S.
Watanabe and T. Osawa. Washington, D.C, American Chemical Society: 196-207; Huang
et al., 1988, Cancer Research. 48: 5941-5946. See, details relating to anti-inflammatory
activity of benzotropolone containing compounds disclosed under the Examples section
below. As can be seen from the working examples, the benzotropolone containing
compounds of the present invention are indeed effective in vivo.

The daily dose of benzotropolone compound(s) or derivative(s) can be
appropriately determined and is not particularly limited. In most instances, however, an
eftective dosage for a patient in need of the treatment will be between 0.1 mg/kg to 300
mg/kg body weight daily. In any case, the active compounds of this invention are
administered at a therapeutically effective amount to achieve the desired therapeutic
eftect without causing any serious adverse effects in the patient treated. The
therapeutically effective amount for each active compound can vary with factors
including but not limited to the activity of the compound used, the severity of the
conditions to be alleviated, the total weight of the patient treated, the route of
administration, the age and sensitivity of the patient to be treated, and the like, as will be

apparent to a skilled artisan. The amount of administration is adjusted as the various

factors change over time.

EXAMPLE(S)
The following examples further illustrate the present invention. The examples
below are carried out using standard techniques, that are well known and routine to those of

skill in the art, except where otherwise described in detail. The examples are illustrative

and do not limit the invention.

I. Synthesis of Theaflavin Mixtures

A mixture of theaflavins were synthesized from their parent flavonols using

enzymatic oxidation methods.

Specifically, after filtration, the crude green tea polyphenol (1.8 g, commercial

sample containing 80% catechins) was loaded directly onto a Sephadex LH-20 column
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eluted Qﬁrst with 95% ethanol to remove non-catechin flavonoids, then the column was
eluted with acetone to obtain a mixture of tea catechins (1.34 g). The tea catechins were
dissolved m pH-5 buffer (50 mL), which contained 4 mg horseradish peroxidase. While
being stirred, 3.0 mL of 3.13% H;0;, was added 5 times during 1 hr. The enzymatic
reaction solution containing catechins and crude peroxidase had turned into a reddish

solution during oxidation reaction. The reaction mixture was extracted by ethyl acetate
(50 mL x 3). After concentration, the residue (0.97 g) was subjected to Sephadex LH 20

column eluted with acetone-water solvent system (from 35% to 50%). 350 mg of a

theaflavin mixture was obtained.

11. Preparation of Tea Catechins

After filtration, the crude green tea polyphenol (10 g) was loaded directly onto a
Sephadex LH-20 column eluted with 95% ethanol to give three catechins, namely
epicatechin gallate (ECG), epigallocatechin (EGC) and epigallocatecin gallate (EGCGQG).
Each catechin was further purified through RP C-18 column eluted with Methanol-Water

solvent system.

111. Synthesis of Pure Benzotropolone Containing Compounds

Various benzotropolone containing compounds were synthesized by enzymatic
oxidative coupling of a molecule containing pyrogallol unit (such as epigallocatechin)
and a molecule containing catechol unit (such as epicatechin) by using horseradish
peroxidase (in the presence of H,0,) or polyhenol oxidase.

The following analytical procedures were used: Thin-layer chromatography was
performed on Sigma-Aldrich silica gel TLC plates (250 um thickness, 2-25 pm particle
s1ze), and the spots were detected by UV illumination, and spraying with 5% (v/v) H,SO4
in an ethanol solution. 'H NMR spectra were obtained on a Varian 600 instrument
(Varian Inc., Palo Alto, CA). The compound was analyzed in CH;OH-d,, with TMS as
internal standard. APCI-Mass spectra were recorded on a Micromass Platform II system
(Micromass Co., Beverly, MA) equipped with a Digital DECPC X1 560 computer for

data analysis.
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A. Synthesis of benzotropolone containing compounds catalyzed by peroxidase

The following seventeen benzotropone containing compounds were synthesized
by the reaction of a molecule containing pyrogallol unit and a molecule containing

catechol unit catalyzed by horseradish peroxidase in the presence of H,O,.

1. Theaflavin

EC (1g) and EGC (1g) were dissolved in a mixture of acetone-pH 5.0 phosphate
citrate buffer (1:10, v/v, 50 mL) which contained 4 mg horseradish peroxidase. While
being stirred, 2.0 ml of 3.13% H,0, was added four times during 45 minutes. The

reaction mixture was extracted by ethyl acetate (50 ml x 3). After concentration, the

residue was subjected to Sephadex LH 20 column eluted with acetone-water solvent
system (40 %). 250 mg theaflavin was obtained.

'H NMR (CD;0D, 600 MHz): 8y 7.97 1H s, 7.85 1H s, 7.34 1H s, 6.02 1H d, J=2.4 Hz,
5.99 1H d, J=2.4 Hz, 5.97 1H d, J=2.4 Hz, 5.96 1H d, ]=2.4 Hz, 5.64 1H brs, 4.91 1H brs,
4.45 1H d, J=2.4 Hz, 4.32 1H brs, 2.98 1H dd, J=4.8, 16.8 Hz, 2.94 1H dd, J=4.8, 16.8,
2.84 1H brd, J=16.8 Hz, 2.82 1H brd, J=16.8 Hz; °C NMR (CD;0D, 150 MHz): 8¢
185.1, 158.1, 158.0, 157.6, 157.5, 157.3, 156.6, 155.1, 150.9, 146.1, 134.4, 131.2, 129.0,
126.6, 123.7, 121.9, 118.3, 100.3, 99.8, 96.8, 96.1, 96.0, 81.2, 77.1, 66.7, 65.6, 30.0, 29.4

2. Theaflavin 3-gallate
EC (1g) and EGCG (1g) were dissolved in a mixture of acetone-pH 5.0 phosphate
citrate buffer (1:10, v/v, 50 mL), which contained 4 mg horseradish peroxidase. While
being stirred, 2.0 ml of 3.13% H,0, was added four times during 45 minutes. The

reaction mixture was extracted by ethyl acetate (50 ml x 3). After concentration, the

residue was subjected to Sephadex LH 20 column eluted with acetone-water solvent
system (435 %). 220 mg theaflavin 3-gallate was obtained.

'H NMR (CD;0D, 600 MHz): ;4 7.91 1H's, 7.80 1H s, 7.38 1H s, 6.80 2H s, 6.02 1H d,
J=1.8 Hz, 6.00 1H d, J=2.4 Hz, 5.99 2H s, 5.78 1H brs, 5.55 1H brs, 5.11 1H s, 4.16 brd,
J=2.4 Hz, 3.07 dd, J=4.8, 16.8 Hz, 2.99 dd, J=4.2, 16.8, 2.91 brd, J=16.8 Hz, 2.83 brd,
J=16.8 Hz; °C NMR (CD;0D, 150 MHz): 8¢ 185.6, 167.4, 158.0, 157.9, 157.8, 157.3,
156.4, 156.3, 155.4, 151.2, 146.4, 146.3, 139.9, 133.5, 131.3, 128.7, 125.7, 123.8, 121.9,
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121.0, 117.0, 110.1, 100.2, 99.3, 96.9, 96.8, 96.2, 95.8, 79.8, 77.0, 69.0, 65.7, 30.1, 27.1
ppm.

3. Theaflavin 3'-gallate

ECG (1g) and EGC (1g) were dissolved in a mixture of acetone-pH 5.0 phosphate
citrate buffer (1:10, v/v, 50 mL), which contained 4 mg horseradish peroxidase. While
being stirred, 2.0 ml of 3.13% H,0, was added four times during 45 minutes. The
reaction mixture was extracted by ethyl acetate (50 ml x 3). After concentration, the
residue was subjected to Sephadex LH 20 column eluted with acetone-water solvent
system (45 %). 110 mg theaflavin 3'-gallate was obtained.
"H NMR (CD;0D, 600 MHz): 5, 7.88 1H s, 7.87 1H s, 7.37 1H s, 6.84 2H s, 6.06 d,
J=2.4Hz, 6.00 1Hd, J=2.4 Hz, 5.98 1H d, J=2.4 Hz, 5.97 d, J=2.4 Hz, 5.87 brs, 5.81 1H
brd J=3.0 Hz, 4.94 1H brs, 4.33 1H brs, 3.09 1H dd, J=4.8, 17.4 Hz, 2.96 1H dd, J=4.8,
16.8,2.88 1H brd, J=17.4 Hz, 2.86 dd, J=2.4, 16.8 Hz; °C NMR (CD;OD, 150 MHz):
oc 185.6,167.2, 158.0, 157.9, 157.8, 157.7, 157.0, 156.6, 156.0, 155.5, 151.1, 146.2,
139.7, 134.8, 130.3, 128.8, 125.9, 123.0, 121.9, 120.9, 118.3, 99.8, 99.6, 96.8, 96.7, 95.8,
95.7,81.2,75.8, 68.3, 66.5, 29.3, 27.2 ppm.

4. Theaflavin 3,3'-digallate
ECG (1 g) and EGCG (1 g) were dissolved in a mixture of acetone-pH 5.0
phosphate citrate buffer (1:10, v/v, 50 mL), which contained 4 mg horseradish
peroxidase. While being stirred, 2.0 ml of 3.13% H,0, was added four times during 45

minutes. The reaction mixture was extracted by ethyl acetate (50 ml x 3). After

concentration, the residue was subjected to Sephadex LH 20 column eluted with acetone-
water solvent system (45 %). 100 mg theaflavin 3,3’-digallate was obtained.

'H NMR (CD;0D, 600 MHz): 84 7.79 1H s, 7.76 1H s, 7.47 1H s, 6.88 2H s, 6.80 2H s,
6.07 1H d, J=2.4 Hz, 6.03 2H d, J=2.4 Hz, 6.00 1H d, J=2.4 Hz, 5.86 1H brs, 5.76 1H m,
5.67 1Hm, 5.21 1H s, 3.17 1H dd, J=4.8, 16.8 Hz, 3.09 1H dd, J=4.8, 17.4,2.91 2H m.

5. Neotheaflavin

C (catechin) (0.8g) and EGC (0.8g) were dissolved in a mixture of acetone-pH 5.0
phosphate citrate buffer (1:10, v/v, 50 mL), which contained 4 mg horseradish
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peroxidase. While being stirred, 2.0 mL of 3.13% H,0, was added four times during 45
minutes. The reaction mixture was extracted by ethyl acetate (50 mL x 3). After

concentration, the residue was subjected to Sephadex LH 20 column eluted with acetone-
water solvent system (45 %). 120 mg neotheaflavin was obtained.

'H NMR ((CD;),CO, 600 MHz): 85 8.26 1H s, 7.46 1H s, 7.63 1H s, 6.06 d, J=2.4 Hz,
6.03 d, J=2.4 Hz, 5.96 d, J=2.4 Hz, 5.95 d, ]=2.4 Hz, 5.62 d, J=7.8 Hz, 5.01 1H s, 4.39 1H
m, 4.15 1Hm, 2.97 dd, J=5.4, 15.6 Hz, 2.91 dd, J=4.2, 16.8, 2.84 dd, J=1.2, 16.8 Hz, 2.66
dd, J=9.6, 15.6 Hz; °C NMR ((CD5),CO, 150 MHz): 5: 184.8, 157.6, 157.5, 157.4,

157.0, 156.7, 156.6, 154.4, 150.5, 146.2, 134.8, 132.2, 130.8, 128.6, 122.3, 121.6, 119.2,
100.7, 99.2, 96.4, 96.3, 95.6, 95.4, 81.5, 79.1, 69.5, 66.6, 30.0, 29.3 ppm.

6. Neotheaflavin 3-gallate

C (1 g) and EGCG (1 g) were dissolved in a mixture of acetone-pH 5.0 phosphate
citrate buffer (1:10, v/v, 50 mL), which contained 4 mg horseradish peroxidase. While
being stirred, 2.0 ml of 3.13% H,0, was added four times during 45 minutes. The
reaction mixture was extracted by ethyl acetate (50 mL x 3). After concentration, the
residue was subjected to Sephadex LH 20 column eluted with acetone-water solvent
system (45 %). 170 mg neotheaflavin 3-gallate was obtained.
'H NMR (CD;0D, 600 MHz): 6y 8.04 1H's, 7.59 1H s, 7.49 1H s, 6.92 2H s, 6.01 2H d,
J=2.4 Hz, 598 1H d, J=2.4 Hz, 5.97 1H d, J=2.4 Hz, 5.67 1H brs, 5.56 1H brd, J= 6.6 Hz,
5.111Hs,4.22 1Hm, 3.03 1H dd, J=4.8, 17.4 Hz, 2.92 1H brd, J=16.8 Hz, 2.83 1H dd,
J=4.8, 16.8, 2.66 dd, J=8.4, 16.8; °C NMR (CD;0D, 150 MHz): § 185.8, 167.4, 158.0,
157.9,157.8, 156.7, 156.5, 155.3, 151.6, 146.9, 146.2, 139.9, 134.0, 132.0, 130.4, 127.7,

122.3,121.0, 117.6, 110.2, 100.6, 99.2, 96.9, 96.7, 95.9, 95.6, 80.5, 77.1, 69.9, 68.8, 28.5,
27.0 ppm.

7. Theaflavate A

ECG (0.85g) was dissolved in pH 5 buffer (1:10, v/v, 50 mL), which contained 2
mg horseradish peroxidase. While being stirred, 1.5 mL of 3.13% H,0, was added three

times during 30 minutes. The reaction mixture was extracted by ethyl acetate (50 mL x

3). After concentration, the residue was subjected to Sephadex LH 20 column eluted with
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acetone-water solvent system (45 %). 60 mg theaflavate A was obtained and 600 mg
ECG was recovered.

'"H NMR (CD;0D, 600 MHz): 8 8.33 1H s, 7.81 1H s, 7.65 1H s, 6.87 1H dd, J=1.8, 7.8
Hz, 6.85 1H d, J=1.8 Hz, 6.80 2H, s, 6.53 1H d, ]=7.8 Hz, 6.15 1H d, J=2.4 Hz, 6.11 1H
d, J=2.4,6.09 1H d, J=2.4 Hz, 5.98 1H, d, J=2.4 Hz, 5.69 1H brs, 5.64 1H brs, 5.52 1H,
brd, J=3.6 Hz, 5.11 1H s, 3.32 dd, J=4.8, 18.0 Hz, 3.10 dd, J=4.8, 18.0 Hz, 3.05 dd,
J=1.8, 16.8 Hz, 2.91 d, ]=16.8; °C NMR (CD;OD, 150 MHz): - 186.8, 167.8, 167.3,
158.2, 158.1, 158.0, 157.9, 157.2, 157.1, 155.3, 149.5, 146.4, 146.3, 146.0, 140.0, 133.5,
131.2, 126.6, 124.8, 122.9, 122.6, 121.0, 119.0, 116.4, 115.8, 114.2, 110.2, 100.0, 99.4,
97.3,97.2,96.5,96.4, 78.0, 75.6, 72.1, 68.9, 27.3, 26.7 ppm.

8. Theaflavate B (
EC (0.5 g) and ECG (0.5 g) were dissolved in a mixture of acetone-pH 5.0
phosphate citrate buffer (1:10, v/v, 50 mL), which contained 2 mg horseradish
peroxidase. While being stirred, 2.0 mL of 3.13% H,0, was added four times during 45

minutes. The reaction mixture was extracted by ethyl acetate (50 mL x 3). After

concentration, the residue was subjected to Sephadex LH 20 column eluted with acetone-
water solvent system (45 %). 200 mg theaflavate B was obtained.

'HNMR (CDs;0D, 600 MHz): 8y 8.26 1H s, 7.88 1H s, 7.59 1H s, 6.87 1H dd, J=1.8, 7.8
Hz, 6.86 1H d, J=1.8 Hz, 6.55 1H d, J=7.8 Hz, 6.16 1H d, J=2.4 Hz, 6.08 1H d, ]=2.4,
6.05 1H d, J=2.4 Hz, 5.98 1H, d, J=2.4 Hz, 5.66 1H brs, 5.46 1H brs, 5.08 1H s, 4.14 1H
brs, 3.34 dd, J=4.8, 16.8 Hz, 3.21 dd, J=4.8, 16.8 Hz, 3.17 dd, J=3.6, 16.2 Hz, 2.88 d,
J=16.8; °C NMR (CD;0D, 150 MHz): 6¢ 186.4, 167.8, 158.3, 158.0, 157.9, 157.7, 157 .4,
157.1,154.9, 151.8, 149.5, 146.3, 146.0, 134.8, 132.3, 131.3, 126.5, 124.4, 123.7, 122 4,

119.2,116.3, 115.8, 114.4, 100.7, 99.5, 97.2, 97.1, 96.6, 96.5, 78.1, 77.0, 72.1, 66.7, 30.0,
26.7 ppm.

9. Neotheaflavate B

C (0.5 g) and ECG (0.5 g) were dissolved in a mixture of acetone-pH 5.0
phosphate citrate buffer (1:10, v/v, 50 mL), which contained 2 mg horseradish
peroxidase. While being stirred, 2.0 ml of 3.13% H,0, was added four times during 45

minutes. The reaction mixture was extracted by ethyl acetate (50 ml x 3). After
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concentration, the residue was subjected to Sephadex LH 20 column eluted with acetone-
water solvent system (45 %). 90 mg neotheaflavate B was obtained.

'"H NMR (CD;0D, 600 MHz): 8y 8.77 1H s, 7.64 1H s, 7.61 1H 5, 6.88 1H d, J=1.8 Hz,
6.82 1H dd, J=1.8, 8.4 Hz, 6.64 1H d, J=8.4 Hz, 6.03 1H d, J=2.4 Hz, 5.98 1H d, J=2.4,
5.96 2H brs, 5.58 1H brs, 5.38 1H brd, J=7.2 Hz, 5.04 1H s, 4.07 1H m, 3.03 dd, J=4.8,
16.8 Hz, 2.95 brd, J=16.8, 2.91 dd, J=4.8, 16.8 Hz, 2.66 dd, J=3.6, 16.2 Hz; °C NMR
(CD;0OD, 150 MHz): 6:186.6, 167.7, 157.9, 157.7, 157.3, 157.0, 156.8, 154.7, 152.3,
149.8, 146.0, 145.8, 135.0, 134.3, 131.2, 128.8, 124.0, 122.5, 119.0, 116.2, 115.8, 114.4,
101.2,99.2,97.0, 96.8, 96.1, 95.9, 79.7, 78.0, 72.0, 69.6, 29.6, 26.6 ppm.

10. Theaflavic acid (CGA)

C (0.5 g) and gallic acid (0.5 g) were dissolved in a mixture of acetone-pH 5.0
phosphate citrate buffer (1:10, v/v, 50 mL), which contained 2 mg horseradish
peroxidase. While being stirred, 2.0 mL of 3.13% H,0, was added four times during 45

minutes. The reaction mixture was extracted by ethyl acetate (50 mL x 3). After

concentration, the residue was subjected to Sephadex LH 20 column eluted with acetone-
water solvent system (45 %). 60 mg theaflavic acid and 20 mg purpurogallin carboxylic
acid were obtained.

'"H NMR (CD;0D, 600 MHz): 85 9.00 1H s, 7.82 1H s, 7.66 1H s, 5.98 1H d, J=2.4 Hz,
591 1H d, J=2.4,5.43 1H brd, J=7.2 Hz, 4.21 1H, m, 2.94 dd, J=4.8, 16.2 Hz, 2.64 dd,
J=4.8, 16.2 Hz; >C NMR (CD;0D, 150 MHz): 8¢ 186.6, 170.3, 157.9, 157.6, 156.6,

154.7,152.2, 149.3, 139.5, 134.4, 132.2, 128.9, 125.0, 122.7, 116.5, 100.7, 96.8, 96.1,
30.0, 69.1, 29.3 ppm.

11. Epitheaflavic acid

Epicatechin (EC) (0.5 g) and gallic acid (1 g) were dissolved in a mixture of
acetone-pH 5.0 phosphate citrate buffer (1:10, v/v, 50 mL), which contained 2 mg
horseradish peroxidase. While being stirred, 2.0 mL of 3.13% H,0, was added four times
during 45 minutes. The reaction mixture was extracted by ethyl acetate (50 mL x 3). After

concentration, the residue was subjected to Sephadex LH 20 column eluted with acetone-

water solvent system (45 %). 70 mg epitheaflavic acid and 25 mg purpurogallin

carboxylic acid were obtained.
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"H NMR (CD;0D, 600 MHz): 65 8.60 1H's, 7.95 1H s, 7.80 1H s, 6.09 1H s, 6.00 1H s,
5.88 1H s, 5.77 1Hm, 3.17 1H dd, J=4.8, 17.4 Hz, 2.94 1H d, J=17.4 Hz; °C NMR
(CD;0D, 150 MHz): 8¢ 186.5, 170.1, 158.2, 157.7, 157.2, 155.0, 151.6, 149.2, 134.2,
132.2, 126.7, 125.2, 123.4, 122.6, 116.2, 99.2, 96.8, 96.1, 77.0, 66.4, 30.0 ppm.

12. Epitheatlavic acid 3-gallate
ECG (0.5 g) and gallic acid (1 g) were dissolved in a mixture of acetone-pH 5.0
phosphate citrate buffer (1:10, v/v, 50 mL), which contained 2 mg horseradish
peroxidase. While being stirred, 2.0 mL of 3.13% H,0, was added four times during 45

minutes. The reaction mixture was extracted by ethyl acetate (50 mL x 3). After

concentration, the residue was subjected to Sephadex LH 20 column eluted with acetone-
water solvent system (45 %). 20 mg epitheaflavic acid 3-gallate, 40 theaflavate A and 10
mg purpurogallin carboxylic acid were obtained.

'H NMR (CD;0D, 600 MHz): &5 8.64 1H's, 7.84 1H's, 7.83 1H s, 6.83 2H s, 6.02 1H d,
J=2.4 Hz,5.98 1Hd, J=2.4,5.61 1H s,4.37 1H, m, 3.03 1H dd, J=4.8, 16.8 Hz, 2.87 d,
J=16.8 Hz; °C NMR (CD;0D, 150 MHz): 5. 186.5, 170.1, 167.1, 158.0, 156.9, 155.1,
151.7, 148.9, 146.2, 139.8, 132.8, 131.6, 126.8, 122.6, 122.5, 120.8, 116.3, 110.0, 99.3,
96.9, 96.0, 75.7, 68.6, 27.2 ppm.

13. EGCCa

EGC (1 g) and catechol (1.5 g) were dissolved in a mixture of acetone-pH 5.0
phosphate citrate buffer (1:10, v/v, 50 mL), which contained 2 mg horseradish
peroxidase. While being stirred, 2.0 ml of 3.13% H,0, was added four times during 45
minutes. The reaction mixture was extracted by ethyl acetate (50 mL x 3). After
concentration, the residue was subjected to Sephadex LH 20 column eluted with acetone-
water solvent system (45 %). 226 mg EGCCa was obtained.
'H NMR (CsDsN, 600 MHz): 8 8.15 1H s, 7.99 1H s, 7.66 1H d, J=8.4 Hz, 7.41 1H d,
J=8.4 Hz, 6.75 1H brs, 6.74 1H brs, 5.23 1H s, 4.76 1H, s, 3.67 d, J=16.2 Hz, 3.44 dd,
J=3.6, 16.2 Hz; °C NMR (CsDsN, 150 MHz): 8¢ 184.9, 158.8, 157.2, 151.8, 151.4, 147.8,
134.6, 134.5, 132.0, 126.4, 123.3, 121.2, 119.9, 119.8, 9 9.9, 97.1, 96.0, 81.8, 66.6, 30.3
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14. EGCGCa

EGCG (1 g) and catechol (1.5 g) were dissolved in a mixture of acetone-pH 5.0
phosphate citrate buffer (1:10, v/v, 50 mL), which contained 2 mg horseradish
peroxidase. While being stirred, 2.0 mL of 3.13% H,0, was added four times during 45

minutes. The reaction mixture was extracted by ethyl acetate (50 ml x 3). After

concentration, the residue was subjected to Sephadex LH 20 column eluted with acetone-

water solvent system (45 %). 230 mg EGCGCa (Epigallocatechinocatechol gallate) was

obtained.

'"HNMR (CsDsN, 600 MHz): 8y 8.01 1H s, 7.97 1H s, 7.54 1H d, J=8.4 Hz, 7.29 1H d,
J=8.4Hz, 6.74 1Hd, J=2.4 Hz, 6.70 1H d, J=2.4, 6.18 1H s, 5.38 1H, s, 3.71 d, J=17.4
Hz, 3.51 dd, J=3.0, 17.4 Hz; "°C NMR (CsDsN, 150 MHz): 8¢ 185.0, 166.8, 159.0, 158.8,
156.9, 155.4,151.9, 148.1, 147.7, 141.4, 134.5, 133.0, 131.6, 126.4, 123.2, 121.2, 120.8,
118.8,110.4, 98.9, 97.5, 96.0, 80.1, 69.1, 27.5 ppm.

15. GACa

Gallic acid (2 g) and catechol (2g) were dissolved in a mixture of acetone-pH 5.0
phosphate citrate buffer (1:10, v/v, 50 mL), which contained 4 mg horseradish

peroxidase. While being stirred, 2.0 ml of 3.13% H,0, was added four times during 45
minutes. The reaction mixture was extracted by ethyl acetate (50 mL x 3). After
concentration, the residue was subjected to Sephadex LH 20 column eluted with acetone-
water solvent system (45 %). 400 mg GACa was obtained.

"H NMR (CsDsN, 600 MHz): 8y 8.08 1H brs, 7.68 1H dd, J=1.2, 8.4 Hz, 7.56 1H d, J=8.4
Hz, 7.19 1H s; °C NMR (CsDsN, 150 MHz): 8¢ 186.0, 169.6, 154.8, 152.6, 150.5, 140.0,
130.2, 128.8, 125.6, 123.0, 121.6, 117.9 ppm.

16. Purpurogallin

Pyrogallol (1g) and catechol (1.5g) were dissolved in a mixture of acetone-pH 5.0
phosphate citrate buffer (1:10, v/v, 50 mL), which contained 2 mg horseradish

peroxidase. While being stirred, 2.0 mL of 3.13% H,0, was added four times during 45
minutes. The reaction mixture was extracted by ethyl acetate (50 mL x 3). After

concentration, the residue was subjected to Sephadex LH 20 column eluted with acetone-

water solvent system (45%). 300 mg Purpurogallin was obtained.

24




CA 02536842 2006-02-24
WO 2005/021479 PCT/US2004/028164

'"H NMR (CsD:N, 600 MHz): 8y 7.35 1H d, J=11.4 Hz, 7.29 1H s, 7.24 1H d, J=9.6 Hz,
6.66 1H dd, J=9.6, 11.4 Hz; *C NMR (CsDsN, 150 MHz): &c 183.4, 156.3, 154.0, 153.3,
137.1, 135.1, 134.4, 123.8, 116.8, 116.2, 112.0 ppm.

17. Purpurogallin carboxylic acid
'"H NMR (CD;0D, 600 MHz): 85 8.17 1H s, 7.66 1H s, 6.94 1H s; °C NMR

(CDs0D, 150 MHz): 6¢c 184.0, 170.0, 156.6, 154.4, 153.2, 152.2, 137.8, 134.2, 125.9,
123.0, 116.3, 114.5 ppm.

Of the seventeen compounds synthesized above, Neotheaflavate B (compound 9)
and EGCGCa (compound 14) are novel compounds not known in the art. The rest of the
compounds are known in the art, 1.e., compounds 1-8, 10-12 have been 1denfified from
black tea, compounds 13, 15-17 have been reported through chemical oxidation method,
but the prior art known compounds were synthesized by methods other than the
peroxidase catalyzed oxidative reactions.

Thus, seventeen different benzotropolone containing compounds were synthesized

by Peroxidase/H20O?2 system.

B. Synthesis of Benzotropolone Containing Compounds Catalyzed by Polyphenol
Oxidase (PPO)

Crude polyphenol oxidase (PPO)was isolated from banana fruits purchased from a
local market. Briefly, a fresh banana (400 g) was homogenized with 800 mL of cold 100
mM phosphate buffer (pH 7.0, 4 °C). The homogeneous solution was centrifuged at 4 °C

for 20 min (10,000 g). The clear supernatant was carefully collected into the flask which
is placed in the ice bath. Then, the same volume of cold acetone, which is kept 1n the
freezer for overnight, was slowly added into the collected solution with stirring. The
resulting protein precipitates were collected by centrifugation at 4 °C (10,000 g, 20 min).
After centrifugation, supernatant was discarded, and the resulting pellet was carefully
washed with the 0.1 M phosphate buffer (pH 7.0) for three times. Then, the pellets were
dissolved with the same buffer and freeze-dried.

Enzyme activity was measured by colorimetric method. The enzyme reaction
solution consisted of 2 mL of 0.1 M catechol solution and 1 mL of phosphate buffer (50
mM, pH 7.0) and 20 pL of the enzyme solution. The enzyme activity was measured at
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420 nm tfor 5 min (25 °C) with increasing the absorbance. The PPO activity was defined
as the amount of enzyme of increasing the absorbance of 0.001 per minute.

With the PPO catalyzed oxidative reaction, 9 compounds were synthesized as
described in the paragraphs below. The compound numbers referred to in this section
correspond to the compound numbers under part III, A above under the examples section.

1. Enzymatic Oxidation and Isolation of Theaflavins

EC (1 g, 3.5 mmol) and EGC (1 g, 3.3 mmol) were dissolved into the 200 mL of
phosphate-citrate buffer (50 mM, pH 5.0) along with 2 g of crude PPO enzyme. The
enzymatic oxidation was carried out at room temperature for 6 hour with stirring. The
reaction solution was then subjected to fractionation with the same volume of ethyl
acetate with three times. Then, the organic layer was concentrated under reduced
pressure. The resulting residues were subjected to Sephadex LH-20 column
chromatography eluting with gradient of ethanol to 20% of acetone in ethanol. Among the
collected 14 fractions (each c.a. 90 mL), 8~10 fractions were combined, and concentrated
under reduced pressure. The resulting residue was subjected to further purification on a
RP-18 silica gel column eluting with gradient of 40 % ~ 50 % of aqueous methanol.
During elution, 38 fractions (each c.a. 13 mL) were received. Among them, 10 ~ 17
fractions were combined, and concentrated under reduced pressure, and were subjected to
freeze-dryimng. It yielded deep-reddish color of compound 1 (280 mg).

Along with the same enzyme reaction and isolation procedure, compound 2 was obtained
from EC and EGCG reaction. The enzymatic oxidation of EGC and ECG, ECG and
EGCG reaction yielded compound 3 and compound 4, respectively.

2. Enzymatic Reaction of Tea Catechins (EC and ECQG) and Gallic Acid
EC (1.160 g, 4.0 mmole) and gallic acid (0.520 g, 4.0 mmole) were dissolved in the 100
mlL of phosphate-citrate buffer (50 mM, pH 5.0), and 1.2 g of crude PPO enzyme was
added 1nto the reaction solution with stirring. The enzymatic oxidation was carried out at
room temperature for 3.5 hour. After the reaction, the solution extracted with the same
volume of ethyl acetate with three times. Then, the ethyl acetate extracts was
concentrated in vacuo. The resulting residues were then subjected to Sephadex LH-20,
eluting with gradient of ethanol to 20% of acetone in ethanol. Among the collected 168

(each c.a. 15 mL) fractions, 47 ~ 52 fractions were combined, and it was concentrated
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under reduced pressure. The resulting residue was applied on a RP-18 silica gel column
eluting with gradient of 20 % ~ 50 % of aqueous methanol, and it was afforded compound
5. Then, 72 ~ 85 fractions, isolated from Sephadex LH-20, were combined, and it was
subjected to RP-18 column chromatography eluting with gradient of 10 % ~ 50 % of
aqueous methanol, and compound 6 was isolated.

ECG (0.66 g) and gallic acid (0.26 g) were dissolved in the 50 mL of phosphate-
citrate buffer (50 mM, pH 5.0), and 1.2 g of crude PPO enzyme was dissolved in the
reaction solution. The enzymatic oxidation was performed at room temperature for 5
hour. The reaction solution was then extracted with ethyl acetate with three times. Then,
the organic layer was concentrated under reduced pressure. The resulting residues were
subjected to Sephadex LH-20 column chromatography eluting with gradient of ethanol to
20 % of acetone 1n ethanol. Among the collected 128 fractions (each c.a. 15 mL), 18 ~ 20
fractions were combined, and concentrated under reduced pressure. The resulting residue
was subjected for further purification on a RP-18 silica gel column eluting with gradient
01 20 % ~ 50 % of aqueous methanol, and afforded compound 7. The 37 ~ 48 fractions
were combined and subjected to RP-18 column chromatography for further purification
eluting with gradient of 10 % ~ 30 % of aqueous methanol, and afforded compound 8.
The 90 ~ 108 fractions were combined and subjected to RP-18 column chromatography
eluting with gradient of 40 % ~ 50 % of aqueous methanol, and it was then afforded

compound 9.

1V. Oxygen-Radical Absorbance Capacity (ORAC) Assay
Oxygen radical absorbance capacity (ORAC) assay was performed to examine
antioxidant activity of individual theaflavins and epitheaflavic acids. All reagents were

prepared 1n 75 mM phosphate buffer (pH 5.5). Reaction mixture consists of 3 mL of
Fluorescein solution (8.16 x 10 mM), 500 uL. AAPH (153 mM), and 500 uL of sample

solution or blank. Once AAPH was added, fluorescence was measured every 1 min using
Hitachi1 Model F-3010 fluorescence spectrophotometer with emission and excitation

wavelength of 515 and 493 nm, respectively. The ORAC value was calculated based on
the area under the fluorescence decay curve of fluorescein in the presence of the test

compound comparing to the area generated by standard Trolox and blank. The net area
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under the curve and ORAC values were calculated by the formula presented by Cao et al
(Cao et al. 1993).
The relative ORAC value (Trolox equivalents) was calculated with following

equation.
Relative ORAC value =
[(AUCsampIe“AUCblank)/ (AUCTrolox“AUCblank)]

x (molarity of Trolox/molarity of sample)

- The area under curve (AUC) was calculated according to following equation.

AUC =1+ filfo + falfotflfo Hfalfo ....... tuolfotfizo/fo
Jo1s the mitial fluorescence reading at 0 min, f;is the fluorescence reading at time 1.

Quenching curves representing the peroxyl radical absorbing activity of Trolox in
various concentration (0 ~ 4 pM) was used as a standard (data not shown). The net area of
quenching curve increased proportionally to an increment of the Trolox concentration.
Quenching curves of theaflavins and EGCG were examined (data not shown). At the
same concentration (0.5 uM) tested, the ORAC values (Table 2) revealed that theaflavins
had higher antioxidant activity than EGCG. Quenching curves of epitheaflavic acids and
EGCG were also examined. (data not shown). The ORAC value of epitheaflavic acids

revealed that these compounds had slightly higher antioxidant activity than those of
EGCQG.

Table 2. Relative ORAC values of theaflavins, epitheaflavic acids and EGCG

Compounds Relative ORAC value
“Theaflavin - 11.60£0.30
Theaflavin-3-gallate 13.17+0.18
Theaflavin-3’-gallate 12.404+0.58
Theaflavin-3,3’-gallate | 13.544+0.69
Epitheaflavic acid 9.744+0.38
Purprogallin ® 6.01+0.42

EGCG 7.69+0.35

Data are epressed as the mean & SD, n=4, ° n=3
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V. Anti-Inflammatory Activity of Benzotropolone Containing Compounds

The TPA (12-O-tetradecanoylphorbol-13-acetate)-induced ear edema assay was
carried out to demonstrate anti-inflammatory activity of benzotropolone-containing
compounds 1n skin inflammation model. The female CD-1 mice (24-25 days old) were
topically treated with 20 pl of acetone and benzotropolone-containing compounds in 20
1l of acetone at 20 minutes before topical application of 20 ul of acetone or TPA (1 nmol)
in 20 pl of acetone. Then, five hours later, all mice were sacrificed by cervical
dislocation. The ear punches (6 mm in diameter) were taken and weighed.

The results are shown in Table 3 below. The various benzotropolone containing

compounds showed strong mhibitory effect.

Table. 3 Inhibitory Effect of Theaflavin Type Compounds on TPA-induced Edema of
Mouse Ear

PPy - - =

Average weight of Percent
Treatment ear punches (mg) inhibition
- L (Mean::SE)___ %o .
Acetone + Acetone 7.44+0.08%* -
Acetone + TPA (1 nmol) 11.7+1.38 -
Theaflavin (0.5 umol) + TPA (1 nmol) | 7.90+0.42% 89.2
Theaflavin 3-gallate (0.5 umol) + TPA (1 nmol) | 7.86+0.24% 91.5
Theatlavin 3°-gallate (0.5 pmol) + TPA (1 nmol) | 7.44+0.18%* 100.0
Theaflavin 3,3’-gallate (0.5 pmol) + TPA (1 nmol) 7.03+0.18* 100.0
EGCG (0.5 pmol) + TPA (1 nmol) - 8.79+0.54% 68.3
Average weight of Percent
Treatment ear punches (mg) inhibition
_ - (MeantSE) | %
Acetone + Acetone 7.44+0.07* -
Acetone + TPA (1 nmol) 15.91+0.51 -
Theaflavate B (0.5 pmol) + TPA (1 nmol) 8.35+0.32* 89.2
Theaflavate A (0.5 pmol) + TPA (1 nmol) 8.52+0.26* 87.2
Neotheaflavate A (0.5 pmol) + TPA (1 nmol) 8.65+0.64 85.7
Neotheaflavin (0.5 pmol) + TPA (1 nmol) 10.58+0.73 62.9
Neotheaflavin 3-gallate (0.5 pumol) + TPA (1 nmol) 8.42+0.42* 88.4
Theatlavic acid (0.5 pmol) + TPA (1 nmol) - 9.28+0.37* 78.3
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| Average weight of |  Percent

Treatment | ear punches (mg) inhibition
N _ | (Mean+SE) 7
Acetone + Acetone 7.17£0.18%* -
Acetone + TPA (1 nmol) | 15.85+0.86 -
Theaflavic acid (0.5 pmol) + TPA (1 nmol) | 8.951+0.43% 79.5
Epitheatlavic acid (0.5 umol) + TPA (1 nmol) 9.39+0.43* 74.4
GACa (0.5 umol) + TPA (1 nmol) | 8.61+0.54% 83.3
EGCCa (0.5 umol) + TPA (1 nmol) 7.86+0.18%* 02.1
EGCGCa (0.5 pmol) + TPA (1 nmol) 7.49+0.12% 96.3
Theaflavin (0.5 pmol) + TPA (1 nmol) 8.23+0.40% 87.8

These results are unexpected given the recent report by Liang et al., 2002,
Nutrition and Cancer 42(2): 217-223. Liang compared the anti-inflammatory activity of
three major theaflavins in black tea. Three compounds they studied were TF-1 (i.e.,
theaflavin, compound 1 in the example above), TF-2 (i.e., a mixture of Theaflavin 3-
gallate and Theaflavin 3'-gallate, mixture of compounds 2 and 3 in the example above)
and TF-3 (1.e., Theaflavin 3,3'-digallate, compound 4 in the example above). The anti-
inflammatory test method used in Liang was the same as was used in the present
invention. From the report of Liang et al., (see Table 1 of Liang et al., publication), it is
clear that the anti-inflammatory activity of TF-3 should be stronger than TF-2, and TF-2
should be stronger than TF-1.

The TPA-induced ear edema assay was also carried out to demonstrate effect of
benzotropolone-containing compounds on prolonged inflammation (simulated chronic
inflammation) in skin inflammation model. Female CD-1 mice (3-4 weeks old) were
purchased from the Charles River Breeding Laboratories (Kingston, NY). Theaflavin
related compounds were prepared as described above. The theaflavin mixture consisted
essentially of theaflavin (about 33% by weight), theaflavin-3-gallate (about 17% by
weight), theaflavin-3’-gallate (about 17% by weight) and theaflavin-3,3’-digallate (about
33% by weight). Acetone, 12-O-tetradecanoylphorbol-13-acetate and other chemicals
were purchased from Sigma Chemicals (St. Louis, MO). Phosphate buffered saline
containing 0.4 M NaC(l, 0.05% Tween-20, 0.5% bovine serum albumin, 0.1 mM
phenylmethylsulfonylfluoride, 0.1 mM benzethonium, 10 mM EDTA and 20 KT aprotinin

per mL was used to homogenize mouse ear tissue samples.
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The mice were divided into 6 groups of 6-7 animals each. All test compounds
were dissolved in acetone. Acetone served as the solvent (negative) control as 1t does not
induce inflammation. A TPA control group was also maintained to indicate the

maximum induction of inflammation in mouse ear.

Both ears of CD-1 mice were treated with 20 uL acetone (solvent control group),

TPA (TPA control) or test compound in 20 pL acetone, 20 min prior to topical
application of acetone (solvent control) or 0.4 nmol TPA on the mouse ear. This
treatment was continued twice a day for 3.5 days (a total of seven treatments). At the end
of the treatment period the mice were sacrificed by cervical dislocation and the ears
punched. The ear punches (6 mm in diameter) were weighed separately to quantify the
level of inflammation 1n the mouse ear.

The ear punches from each group were combined and homogenized with
phosphate buffered saline. The resulting homogenate was centrifuged and the supernatant
tested for the levels of various inflammatory biomarkers using the enzyme linked
immunosorbent assay (ELISA).

The extent of inflammation was quantified by measuring the weight of ear punch
as well as important biomarkers of inflammation such as leukotriene B4 (LTB4) and
interleukin-6 (IL-6). The theaflavin mixture, EGCCa and EGCGCa inhibited
inflammation in the ear as shown by ear punch weight (Figure 1) and also inflammatory
biomarkers, IL-6 (Figure 2) and LTB4 (Figure 3). Data were normalized against TPA
induced mouse ear edema (TP A-treatment).

All publications, patents and patent applications mentioned in this specification

are indicative of the level of those skilled in the art to which this invention pertains.
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The embodiments of the present invention for which an exclusive property or

privilege is claimed are defined as follows:

1. Neotheatlavate B or a salt thereof.

2. Epigallocatechinocatechol gallate (EGCGCa) or a salt thereof.

3. A composition comprising a pharmaceutical or a nutraceutical or a
combination thereof, wherein the pharmaceutical or the nutraceutical is effective as an anti-
inflammatory agent or antioxidant, and wherein the pharmaceutical, the nutraceutical or the
combination thereot comprises an effective amount of neotheaflavate B or a salt thereof or
epigallocatechinocatechol gallate or a salt thereof; and a carrier selected from the group

consisting of a pharmaceutically acceptable carrier, dietary supplement carrier and a food.

4, The composition of claim 3, wherein the pharmaceutical or the nutraceutical

comprises neotheatlavate B or a salt thereof.

5. The composition of claim 3, wherein the pharmaceutical or the nutraceutical

comprises epigallocatechinocatechol gallate or a salt thereof.

0. Use of a compound of claim 1 or 2 for the manufacture of a medicament for

treating or reducing the progression of an inflammatory condition in a subject.

7. The use of claim 6, wherein the medicament contains neotheatlavate B or salt

thereof or epigallocatechinocatechol gallate or salt thereof at a dosage of between 0.1 and

300mg per kilogram body weight of the subject.

8. The use of claim 6, wherein the medicament 1s formulated for topical

administration.

0. The use of claim 6, wherein the medicament is formulated for oral

administration.
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10. The use of claim 6, wherein the medicament 1s formulated for parenteral
administration.
11.  The use of claim 6, wherein the medicament further comprises a carrer

selected from the group consisting of a pharmaceutically acceptable carrier, a dietary

supplement carrier and a food.

12.  The use of claim 11, wherein the carrier is a pharmaceutically acceptable
carrier.

13. The use of claim 11, wherein the subject 1s a human.

14. The use of claim 11, wherein the carrier 1s a food.

15.  The use of claim 11, wherein the carrier is a dietary supplement carrier.

16.  The use of a compound of claim 1 or 2 for the manufacture of a medicament

for neutralizing free radicals in a subject.

17. The use of claim 16 wherein the concentration of said compound of claim 1 or

2 1s at least about 0.5% by weight.

18. The use of a compound of claims 1 and 2 for the manufacture of a medicament

for neutralizing free radicals in a patient.

19. The use of claim 18, wherein the medicament further comprises a

pharmaceutically acceptable carrier.

20.  The use of claim 18, wherein the medicament further comprises a

nutraceutical agent.
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