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1

BIOACTIVE COMPOUNDS AND METHODS
OF USES THEREOF

This application claims the benefit of U.S. provisional
application 60/567,340, filed Apr. 30, 2004, which is incor-
porated herein by reference in its entirety.

1. TECHNICAL FIELD

The present invention relates to depside and diterpenoid
compounds and methods for the prevention or treatment of,
for example, a proliferative disorder, e.g., cancer, or symp-
tom thereof. Pharmaceutical, nutraceutical and cosmetic
compositions comprising depside and/or diterpenoid com-
pounds are also encompassed.

2. BACKGROUND

Rabdosia rubescens (Hemsl.) Hara (donglingcao) (family
Labiatae), formerly known as Isodon rubescens, is a Chinese
medicinal herb. The aerial parts of R. rubescens and other
species of the same genus were observed to have the
functions of clearing heat and toxicity, nourishing “yin”,
removing blood stasis, and relieving swelling.

R. rubescens has been used to treat stomach ache, sore
throat, cough, esophagal cancer, breast cancer, liver cancer,
and prostate cancer (Yu et al., 1995, Oncology Reports 2(4):
571-575; Zhong Hua Ben Cao, 1999, vol. 7, pp.150-514, and
553-561, Shanghai Science and Technology Press). R. rube-
scens increased survival and reduced side effects in patients
with esophageal carcinoma. (Wang et al., 1993, Chung-Hua
Chung Lin TSA Chin. 1993, 15(4), 300-302). R. rubescens
is one of the eight herbs used in PC-SPES, an herbal formula
promoted as a treatment for prostate cancer, see U.S. Pat.
No. 5,665,393.

A number of studies reported attempts to identify bio-
medically useful compounds from E. rubescens. Rubes-
censin A (oridonin) and rubescensin B (ponicidin) are two
compounds identified in R. rubescens extract, which have
been tested for cytotoxicity against cancer cell lines in vitro.
Both compounds have also been shown to be anti-angio-
genic. (Meade-Tollin et al., 2004, Journal of Natural Prod-
ucts, 67(1): 2-4).

Citation or identification of any reference in this or any
other section of this application shall not be construed as an
admission that such reference is available as prior art to the
present invention.

3. SUMMARY

In one aspect, the present invention provides compounds
useful for the prevention or treatment of a proliferative
disorder, e.g., a cancer, or symptom thereof in a subject.

In certain embodiments, the present invention provides a

compound having formula I as described below: I

11
R RI12
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2

or a pharmaceutically or physiologically acceptable salt,
solvate, or hydrate thereof,

wherein R', R?, R? and R* are each independently hydro-
gen, (C,-Cyalkyl, or (C,-C,,)acyl;

R% RS R7, R% R® R!°, R, R!? and R!'® are each
independently hydrogen, hydroxyl, (C,-Cy)alkyl, or
(C,-Cy)alkylcarboxyl; and

R'* and R'® are each independently hydrogen or (C,-Cy)
alkyl.

In some embodiments, the present invention provides

compounds according to formula II as described below:

or a pharmaceutically or physiologically acceptable salt,
solvate or hydrate thereof, wherein R?, R?, R* and R'° are as
defined above in formula I.

In particular embodiments, the present invention provides
a compound having the following structure:

rubescensin J

In certain embodiments, the present invention provides a
compound having formula I11:

I

or a pharmaceutically or physiologically acceptable salt,
solvate, or hydrate thereof, wherein Ac is acetyl.

In some embodiments, the compound is rubescensin O-1.

In another aspect, the present invention provides com-
pounds having formula IV as described below:
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OR3
OR?
0o—cC

R*O OR!

or a pharmaceutically or physiologically acceptable salt,
solvate, or hydrate thereof,

wherein R', R?, R? and R* are each independently hydro- 5
gen, (C,-Cyalkyl, (C,-C,,)acyl, a saccharide, an acetylated
saccharide, a monosaccharide, an acetylated monosaccha-
ride, a disaccharide or an acetylated disaccharide.

In some embodiments, the present invention provides
compounds having formula V as described below:

OR;
0
CH,OH O_H \
o, ol o o
A o
on H
o

HO oH

. . . 35
or a pharmaceutically or physiologically acceptable salt,
solvate, or hydrate thereof, wherein R', R*> and R> are as
defined in formula IV.

In some embodiments, the present invention provides a
compound having the following structure:

OH

CH,OH
c, H L6 o
A o
OH H
0
HO on
55

The present invention also provides compositions com-
prising a plurality of diterpenoid and/or depside compounds
of the invention. In general, the composition is not a natural
source of such compounds, such as anatomical parts of the
Rabdosia rubescens plant. In one aspect, a composition of 60
the invention comprises a mixture of diterpenoids, including
one or more of the compounds of formula I, IT and/or
formula II1, or pharmaceutically acceptable salts, solvates or
hydrates thereof, wherein (i) the concentration of a diterpe-
noid in the composition is different from that in a natural 65
source of the diterpenoid; and/or (ii) that the ratio of the
concentration of one diterpenoid in the composition to that

o0—cC

rubscendepside

4

of another diterpenoid in the composition is different from
that in a natural source of the diterpenoid compounds.

In another aspect, a composition of the invention com-
prises depsides, including one or more of the compounds of
formula IV and/or formula V, or pharmaceutically accept-
able salts, solvates or hydrates thereof, wherein (i) the
concentration of a depside in the composition is different
from that in a natural source of the despside; and/or (ii) that
the ratio of the concentration of one depside in the compo-
sition to that of another depside in the composition is
different from that in a natural source of the depside com-
pounds.

Such a composition can be prepared, for example, by
processing a natural source of Rabdosia rubescens such that
at least one particular diterpenoid or depside of the invention
has been selectively removed, retained, or enriched. Alter-
natively, one or more purified diterpenoids or depsides can
be used to make such compositions. Such a composition can
also be prepared, for example, by adding an amount of at

OR,

OR,

least one diterpenoid or depside of the invention to a natural
source or processed form of a natural source of the diterpe-
noid or depside of the invention.

In one embodiment, the invention provides a composition
prepared by extracting a natural source, such as a biomass of

OH

Rabdosia rubescens, with a plurality of organic solvents,
contacting the extractant with a synthetic adsorption resin,
and eluting the resin with a plurality of organic solvents, and
collecting the fractions which comprise diterpenoids and/or
depsides of the invention.

In various embodiments, a composition of the invention
can comprise compounds having the formula I, II, III, IV
and/or formula V, wherein the concentration of one or more
of the compounds having the formula I, II, III, IV and/or
formula V, is increased or decreased relative to that in a
natural source of the compounds.
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In yet another aspect, the present invention also provides
nutraceutical compositions comprising one or more diterpe-
noid and/or depside compounds or compositions of the
invention. In yet another aspect, the present invention also
provides cosmetic compositions comprising one or more
diterpenoid and/or depside compounds or compositions of
the invention. In one embodiment, the nutraceutical com-
positions and cosmetic compositions of the invention are
prepared from natural sources.

The nutraceutical compositions include, but are not lim-
ited to food additives, dietary supplements, and food com-
positions that can comprise one or more diterpenoid and/or
depside compounds having the formula I, II, III, IV and/or
formula V, or pharmaceutically acceptable salts, solvates or
hydrates thereof, including but not limited to rabdoternin A,
rubescensin M, rubescensin I, rabdoternin B, and rabdoter-
nin C, rubescendepside as described in Section 6, or phar-
maceutically acceptable salts, solvates or hydrates thereof.
In certain embodiments, the ratio of certain diterpenoid
and/or depside in such compositions is different from that of
a natural source.

In another embodiment, the present invention also pro-
vides pharmaceutical compositions comprising one or more
diterpenoid and/or depside compounds of the invention, or
a pharmaceutically acceptable salt, solvate, or hydrate
thereof. The present invention also provides pharmaceutical
compositions comprising one or more compounds of the
invention, or a pharmaceutically acceptable salt, solvate, or
hydrate thereof, and one or more prophylactic or therapeutic
agents in addition to the diterpenoid and/or depside com-
pounds of the compositions. In certain embodiments, the
pharmaceutical composition comprises an effective amount
of one or more compounds of the invention and a pharma-
ceutically acceptable carrier, diluent, vehicle or excipient. In
some embodiments, the pharmaceutical composition is suit-
able for parenteral, transdermal, mucosal, nasal, buccal,
rectal, sublingual or oral administration to a subject.

In another aspect, the present invention provides methods
for preventing, treating, managing, or ameliorating a prolif-
erative disorder, e.g., a cancer, or symptom thereof in a
subject in need thereof, preferably a human. In certain
embodiments, the methods comprise administering a pro-
phylactically or therapeutically effective amount of a com-
pound of the invention or composition thereof to the subject
thereby preventing, treating, managing, or ameliorating the
disorder. In certain embodiments, the methods provide a
beneficial result by managing symptoms of a disorder, or
lessening discomfort associated with a symptom or disorder,
e.g., pain. In some embodiments, the proliferative disorder
prevented, treated, managed, or ameliorated is a breast
cancer, colon cancer, esophageal cancer, liver cancer, lung
cancer, prostate cancer, pancreatic cancer, ovarian cancer,
skin melanoma, or symptom thereof.

In yet another aspect, the invention provides methods for
the prevention, treatment, management, or amelioration of
inflammatory disorders, or one or more symptoms thereof,
said methods comprising administering to a subject in need
thereof a prophylactically or therapeutically effective
amount of one or more compounds of the invention. The
methods are useful for relieving a symptom of inflammation
in a subject, such as but not limited to redness, swelling,
edema, excess warmth, allergic reactions; or lessening the
discomfort associated with a symptom of inflammation.

In yet another aspect, the invention provides methods for
the prevention, treatment, management, or amelioration of
an infectious disease, or one or more symptoms thereof, said
methods comprising administering to a subject in need
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thereof a prophylactically or therapeutically effective
amount of one or more compounds of the invention.

Administration of the compounds and compositions of the
invention can, for example, be via one or more of the
pharmaceutical, nutraceutical compositions or cosmetic
compositions of the invention. The present invention also
provides combination therapies and protocols.

In certain embodiments, the invention provides methods
for the prevention or treatment of a cancer or symptom
thereof comprising administering an effective amount of
rubescensin J or rubscendepside to prevent or treat the
cancer or symptom thereof. In some embodiments, the
invention provides methods for the prevention or treatment
of'a cancer or symptom thereof comprising administering an
effective amount of a compound selected from the group
consisting of rubescensin M, rabdoternin A, rabdoternin B or
rabdoternin C, thereby preventing or treating the cancer or
symptom thereof. In one aspect, the invention provides
methods for inhibiting tumor growth. In some embodiments,
the methods comprise administering a composition compris-
ing a compound selected from the group consisting of
rubescensin J, rebescensin O-1, rubscendepside, rubescensin
M, rabdoternin A, rabdoternin B or rabdoternin C.

In another aspect, the present invention provides articles
of manufacture comprising, in one or more containers, a
compound, composition, pharmaceutical composition,
dietary supplement, food additive, or food composition of
the invention.

3.1 Terminology and Abbreviations

As used herein, “a” or “an” means at least one, unless
clearly indicated otherwise. The term “about,” unless oth-
erwise indicated, refers to a value that is no more than 10%
above or below the value being modified by the term. For
example, the term “about 5% (w/w)” means a range of from
4.5% (wiw) to 5.5% (wiw).

As used herein, unless indicated otherwise, the terms
“compound” and “compound of the invention.”

As used herein, unless indicated otherwise, the terms
“composition” and “composition of the invention,” are used
interchangeably. Unless stated otherwise, the terms are
meant to encompass, and are not limited to, pharamceutical
compositions, nutraceutical compositions, and cosmetic
compositions.

It is contemplated that, where the compound(s) of the
invention occur in a natural source, the terms “composition”
and “composition of the invention” are not intended to
include a natural source of the compound(s) but can, in
certain embodiments of the invention, encompass a physi-
cally and/or chemically modified form of the natural source.
For example, if the compound(s) can be obtained from a
plant, the terms are not intended to encompass the plant or
an anatomical part of the plant, however, a powder or a
solvent extract of the plant or plant part(s) can be a com-
position of the invention.

As used herein, the term “natural source” refers to a
material that occurs in the natural environment, and may
comprise one or more biological entities. For example, a
natural source can be a plant, an animal, an anatomical part
of'a plant or animal, a microorganism, a mixture of different
plants, animals, and/or microorganisms, or an environmental
sample. It is not necessary that the biological entities present
in a natural source be classified or characterized. The term
also refers to compositions which have been prepared
directly from that which occurs in the natural environment
by a process that does not selectively remove or retain one
or more specific compounds relative to the other different
compounds.
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The following abbreviations are used herein and have the
indicated definitions: Ac is acetyl, AP-1 is activator protein-
1, COSY is homonuclear correlated Overhauser spectrosp-
copy, DMSO is dimethylsulfoxide, DPPH is 1,1-diphenyl-
2-picryl hydroxyl, DEPT is distortionless enhancement by
polarization transfer spectroscopy, EIMS is electron ioniza-
tion mass spectroscopy, Et is ethyl, FT is Fourier transform,
GC is gas chromatography, gCOSY is gradient-selected
COSY, HPLC is high performance liquid chromatography,
HMBC is heteronuclear multiple bond correlation, HMQC
is heteronuclear multiple quantum coherence, HRFAB is
high resolution fast atomic bombardment, IR is infrared
spectroscopy, NMR is nuclear magnetic resonance spectros-
copy, NOESY is nuclear Overhauser effect spectroscopy, LC
is liquid chromatography, Me is methyl, MS is mass spec-
troscopy, MTS is 3-(4,3-dimethylthiazol-2-y1)-5-(3-car-
boxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium,
PTLC is preparative thin-layer chromatography, ROESY is
rotating frame Overhauser enhancement spectroscropy, TLC
is thin-layer chromatography, TMS is trimethyl silyl,
TOCSY is total Overhauser correlated spectroscopy, and UV
is ultraviolet.

4. BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 provides general schematic of the synthesis of the
ent-kaurene backbone for diterpenoid compounds.

FIGS. 2-24 provide histograms to show the effect of
various bioactive compounds at different concentrations on
colony formation of various neoplastic or tumor cells.

FIG. 2. Effect of rubscendepside on neoplastic transfor-
mation in JB6 cells.

FIG. 3. Effect of rubscendepside on HCT116 expression
of phenotype.

FIG. 4. Effect of rubscendepside on HT460 expression of
phenotype.

FIG. 5. Effect of rubscendepside on SK-MEL 28 expres-
sion of phenotype.

FIG. 6. Effect of rubescensin J on neoplastic transforma-
tion in JB6 cells.

FIG. 7. Effect of rubescensin J on HCT116 expression of
phenotype.

FIG. 8. Effect of rubescensin J on SK-MEL 28 expression
of phenotype.

FIG. 9. Effect of rubescensin J on HT460 expression of
phenotype.

FIG. 10. Effect of rubescensin J on SK-OV-3 expression
of phenotype.

FIG. 11. Effect of rubescensin M on neoplastic transfor-
mation in JB6 cells.

FIG. 12. Effect of rubescensin M on HCT116 expression
of phenotype.

FIG. 13. Effect of rubescensin M on SK-MEL 28 expres-
sion of phenotype.

FIG. 14. Effect of rubescensin M on HT460 expression of
phenotype.

FIG. 15. Effect of rabdoternin A on neoplastic transfor-
mation in JB6 cells.

FIG. 16. Effect of rabdoternin A on SK-MEL 28 expres-
sion of phenotype.

FIG. 17. Effect of rabdoternin A on HCT116 expression of
phenotype.

FIG. 18. Effect of rabdoternin A on HT460 expression of
phenotype.

FIG. 19. Effect of rabdoternin B on neoplastic transfor-
mation in JB6 cells.

FIG. 20. Effect of rabdoternin B on HCT116 expression of
phenotype.

FIG. 21. Effect of rabdoternin C on neoplastic transfor-
mation in JB6 cells.
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FIG. 22. Effect of rabdoternin C on HCT116 expression of
phenotype.

FIG. 23. Effect of rabdoternin C on SK-MEL 28 expres-
sion of phenotype.

FIG. 24. Effect of rabdoternin C on HT460 expression of
phenotype.

FIG. 25. A chromatogram for a composition enriched for
the compounds of the invention analyzed by high perfor-
mance liquid chromatography (HPLC).

FIGS. 26A and 26B. Effects of rubescensin ] on skin
cancer induced by UVA exposure in hairless mice.

5. DETAILED DESCRIPTION OF THE
INVENTION

The present invention relates to one or more biologically
active compound(s) identified in Rabdosia rubescens, and
uses thereof. For clarity of disclosure, and not by way of
limitation, a detailed description of the invention is divided
into the subsections which follow.

The structures of the compounds and the methods of
making the compounds and compositions of the invention
are described in Sections 5.1 and 5.2, respectively. The
compositions of the invention comprising one or more
biologically active compound(s) of the invention, including
but not limited to nutraceutical compositions, pharmaceuti-
cal compositions and cosmetic compositions, which are
described in details in Sections 5.3 to 5.6. Exemplary
methods for using the compounds and compositions of the
invention are described in Sections 5.7, 5.8, 5.10, and
subsections thereof.

5.1 The Compounds of the Invention

When describing the compounds of the invention, the
following terms have the following meanings unless other-
wise indicated.

The term “acyl” refers to an alkyl with a carbonyl
substituent.

The term “alkyl” means, unless otherwise stated, a
straight or branched chain, or cyclic hydrocarbon radical, or
combination thereof, saturated or non-saturated, having the
number of carbon atoms designated (i.e., C,-C, means one
to six carbons). “Alkyl” is exemplified by groups such as
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
tert-butyl, hexyl, cyclohexyl, (cyclohexyl)methyl, octyl,
decyl, dodecyl and the like.

“Alkylcarboxy” is used herein to refer to the COOR
group, where R is alkyl as defined above.

“Solvate” refers to a compound of the present invention
that further includes a stoichiometric or non-stoichiometric
amount of solvent bound by non-covalent intermolecular
forces. Where the solvent is water, the solvate is a hydrate.

In one aspect, the present invention encompasses com-
pounds having the formula I:

RIS

Rl4

OR?
or a pharmaceutically acceptable salt, solvate, or hydrate
thereof, wherein R'-R'® are defined below.

R!, R?, R® and R* are each independently hydrogen,
(C,-Cg)alkyl, or (C,-C,,)acyl. In certain embodiments, R*,
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R?, R® and R* are each independently selected from the
group consisting of hydrogen, methyl, ethyl, acetyl, and
propionyl. In preferable embodiments, R*, R*, R and R* are
hydrogen.

R®, R® R7, R® R® R!, R!, R!2 and R!? are each
independently hydrogen, hydroxyl, (C,-Cg)alkyl, or (C,-Cy)
alkylcarboxyl.

In certain embodiments, R>-R'® are each independently
hydrogen or (C,-Cy)alkyl.

In some embodiments, R>-R'* are each independently
selected from the group consisting of hydrogen, methyl, and
ethyl.

In some embodiments, at least four of R>-R'? are hydro-
gen.

In preferable embodiments, R>-R'® are hydrogen.

In certain embodiments, R*-R*? are hydrogen.

R'* and R*® are each independently hydrogen or (C,-C)
alkyl. In certain embodiments, R'* and R'® are methyl. In
some embodiments, R** and R'® are hydrogen.

In certain embodiments, the present invention provides an
isolated compound having formula I as defined above.

In certain embodiments, the present invention provides a
compound having formula II:

I

RIO

k>
2
Z
C

H; ORr2

or a pharmaceutically acceptable salt, solvate or hydrate
thereof, wherein R?, R, R* and R'° are as defined above in
formula I.

In some embodiments, the compound is rubescensin J or
a pharmaceutically acceptable salt, solvate or hydrate
thereof.

In some embodiments, the present invention provides an
isolated compound having formula II as defined above.

Tlustrative examples of those compounds having formula
1I are set forth below:

TABLE 1

I

R2 R3 R4 R0
H H H H
Ac Ac Ac H
Ac H H H
Ac Ac H H
Ac H Ac H
H Ac H H
Me H H H
H Me H H
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TABLE 1-continued

R2 R3 R4 R0
Me Me H H

Et H H H

H Et H H

Et Et H H
propionyl H H H

H Propionyl H H
Me H Ac H

H H H OH
Ac Ac Ac OH
Ac H H OH
Ac Ac H OH
Ac H Ac OH
H Ac H OH
Me H H OH
H Me H OH
Me Me H OH
Et H H OH
H Et H OH
Et Et H OH
propionyl H H OH
H Propionyl H OH
Me H Ac OH
H H H OAc
Ac Ac Ac OAc
Ac H H OAc
Ac Ac H OAc
Ac H Ac OAc
H Ac H OAc
Me H H OAc
H Me H OAc
Me Me H OAc
Et H H OAc
H Et H OAc
Et Et H OAc
propionyl H H OAc
H Propionyl H OAc
Me H Ac OAc
H H H Me
Ac Ac Ac Me
Ac H H Me
Ac Ac H Me
Ac H Ac Me
H Ac H Me
Me H H Me
H Me H Me
Me Me H Me
Et H H Me
H Et H Me
Et Et H Me
propionyl H H Me
H propionyl H Me
Me H Ac Me
H H H Et
Ac Ac Ac Et
Ac H H Et
Ac Ac H Et
Ac H Ac Et

H Ac H Et
Me H H Et

H Me H Et
Me Me H Et
Et H H Et

H Et H Et
Et Et H Et
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TABLE 1-continued

I

10

R2 R3 R4 RIO 15

propionyl H H Et

H propionyl H Et

Me H Ac Et 20

H H H OC(O)Et

Ac Ac Ac OC(O)Et

Ac H H OC(O)Et

Ac Ac H OC(O)Et 25

Ac H Ac OC(O)Et

H Ac H OC(O)Et

Me H H OC(O)Et

H Me H OC(O)Et 30

Me Me H OC(O)Et

Et H H OC(O)Et

H Et H OC(O)Et

Et Et H OC(O)Et 35

propionyl H H OC(O)Et

H propionyl H OC(O)Et

Me H Ac OC(O)Et

40

and pharmaceutically acceptable salts and solvates thereof.
Residues not specifically listed in the table above are under-
stood to be hydrogen, unless specified otherwise. 45

In one aspect, the present invention provides a compound
having the formula III:

OR;
(€]
CILOH O_H \
CH, HO o o
K O
OH H
O
HO OH
or a pharmaceutically acceptable salt, solvate, or hydrate 60
thereof.
In some embodiments, R', R* and R® are hydrogen,
(C,-Cyalkyl or (C,-C,,)acyl.
In some embodiments, the compound is rubescendepside ¢s

or a pharmaceutically acceptable salt, solvate, or hydrate
thereof.

12

I

H;C

OAc

or a pharmaceutically acceptable salt, solvate, or hydrate
thereof.

In some embodiments, the compound is rubescensin O-1
or a pharmaceutically acceptable salt, solvate, or hydrate
thereof.

In certain embodiments, the present invention provides an
isolated compound having formula III as defined above.

In one aspect, the present invention encompasses com-
pounds having formula IV: v
OR?

OR?

R*O OR!

or a pharmaceutically acceptable salt, solvate, or hydrate
thereof, wherein R', R?, R® and R* are each independently
hydrogen, (C,-Cy)alkyl, (C,-C,,)acyl, a monosaccharide, an
acetylated monosaccharide, a disaccharide or an acetylated
disaccharide.

In certain embodiments of formula IV, R-R* are each
independently hydrogen, methyl, ethyl, acetyl, propionyl, a
monosaccharide or a disaccharide.

In some embodiments, R'-R* are hydrogen.

In some embodiments, R'-R* are hydrogen and R* is a
monosaccharide or a disaccharide.

In some embodiments, the compound of formula IV is an
(E) alkene diastereomer.

In some embodiments, the compound of formula IV is a
(Z) alkene diastereomer.

In certain embodiments, the present invention provides an
isolated compound having formula IV as defined above.

In certain embodiments, a compound has the formula V:

v

OR,

OR,

In certain embodiments, the present invention provides an
isolated compound having formula V as defined above.

In one aspect, the invention encompasses a compound
selected from the group consisting of rubescensin N, rube-
scensin M, rabdoternin A, rabdoternin B and rabdoternin C.

In certain embodiments, the diterpenoid and depside
compounds of the invention are isolated.
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It is also to be understood that compounds that have the
same molecular formula but differ in the nature or sequence
of bonding of their atoms or the arrangement of their atoms
in space are termed “isomers”. Isomers that differ in the
arrangement of their atoms in space are termed “stereoiso-
mers”. Stereoisomers that are not mirror images of one
another are termed “diastereomers” and those that are non-
superimposable mirror images of each other are termed
“enantiomers”. When a compound has an asymmetric cen-
ter, for example, it is bonded to four different groups, a pair
of enantiomers is possible. An enantiomer can be charac-
terized by the absolute configuration of its asymmetric
center and is described by the R- and S-sequencing rules of
Cahn, Ingold and Prelog (INPAC compendium of chemical
terminology 2"¢ ed., 1997), or by the manner in which the
molecule rotates the plane of polarized light and designated
as dextrorotatory or levorotatory (i.e., as (+) or (-)-isomers
respectively). A chiral compound can exist as either indi-
vidual enantiomer or as a mixture thereof. A mixture con-
taining equal proportions of the enantiomers is a “racemic
mixture”.

The compounds of this invention may possess one or
more asymmetric centers; such compounds can therefore be
produced as individual (R)- or (S)-stereoisomers or as
mixtures thereof. Unless indicated otherwise, the description
or naming of a particular compound in the specification and
claims is intended to include both individual enantiomers
and mixtures, racemic or otherwise, thereof. The methods
for the determination of stereochemistry and the separation
of stereoisomers are well-known in the art.

In one embodiment, the invention includes the racemic or
either the R- or S-enantiomers of all the compounds
described herein. The enantiomers may each be provided in
a form substantially free of the other enantiomer(s)(e.g., at
least 75% free (w/w), at least 90% free (w/w) or at least 99%
free (w/w)) or as mixtures (e.g., racemic mixtures).

5.2 Methods for Making the Compounds of the Invention

In one embodiment, the compounds of the invention can
be extracted from a natural source. Typically, the natural
source or preferred portions thereof, such as the floral parts
of a plant, in natural or dried form, may be used directly, or
pulverized, ground or comminuted to a fine powder in order
to maximize surface contact with the solvent. However, the
methods of the present invention can be employed on any
known natural source, plant matter or biomass that contains
an appreciable amount of the compounds of the invention.
Rabdosia rubescens is a preferred starting material.

According to an exemplary method of the present inven-
tion, the aerial parts of Rabdosia rubescens are dried and
crushed into a powder. Preferably, the biomass is then
contacted with a water miscible solvent sufficient to put the
compounds of the invention in the biomass into solution.
Solvent extraction can be performed at room temperature or
at elevated temperatures, usually at from about 3° C. to
about 80° C., with or without ultrasonication. Suitable
solvents include, but are not limited to, acetone and ethanol.
Methanol or isopropanol may also be used, but are generally
less desirable in preparing compositions for human food
applications. Other solvent that can be used include but is
not limited to carbon tetrachloride, cyclohexane, toluene,
dichloromethane, chloroform, diethyl ether, diisopropyl
ether, ethyl acetate, butanol, n-propanol, polyethylene gly-
col, propylene glycol, pyridine, and the like. A mixture of
two or more solvents can be used.

The biomass:solvent ratio should be at a minimum about
10 to 30 L of extracting solvent to one kg of biomass. The
compounds of the invention in solution and the insoluble
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impurities can then be separated by any conventional means,
such as filtration or centrifugation, concentrated by an
evaporator, and dried by vacuum drying or spray drying to
produce a crude extract comprising the compounds of the
invention.

In one embodiment, the invention provides an extraction
composition prepared by extracting a natural source, such as
a biomass of Rabdosia rubescens, with one or more organic
solvents, such as but not limited to hexane and/or n-butanol,
which comprises a dry weight of about 2% to 10%, prefer-
ably about 5%, of the dried weight of the starting biomass.
The composition comprises about 20% to 25% diterpenoids,
and about 1% to 10% depsides.

In another embodiment, the invention provides a method
for enriching the diterpenoids and depsides of the invention
comprising chromatography, including reverse phase liquid
chromatography, using a synthetic polymeric resin. Pre-
ferred stationary phases for chrmoatography include poly-
mers of vinyl aromatic compounds, for example styrene, that
are crosslinked with polyvinylic aromatic hydrocarbons, for
example divinyl benzene. These organic polymeric station-
ary phases are made by processes that yield small, extremely
rigid, macroreticular particles. Crosslinked acrylic polymers
are also useful as stationary phases for reverse phase liquid
chromatography, as are polyvinyl alcohols (alkylated or
non-alkylated). Suitable stationary organic phases for RPL.C
are commercially available. For example, styrenic and
acrylic stationary phases are available from Mitsubishi
Chemicals under the trade name Diaion™ or Sepabeads™,
the Rohm and Haas Company, Philadelphia, Pa., under the
trade name Amberlite™. Styreneic stationary phases are
also available under the trade name Amberchrom™. from
Tossohass, Montgomeryville, Pa. Also preferred are polya-
mide resins (e.g. nylons), polyester resins, and phenolic
resins for the chromatography processes of the present
invention.

Many organic solvents are suitable mobile phases, or
eluants, for liquid chromatography. Lower alcohols, such as
methanol, ethanol and propanol as well as nitriles such as
acetonitrile, are suitable as organic eluents. Lower aliphatic
ketones such as acetone, methyl ethyl ketone, and diethyl
ketone, as well as cyclic ethers such as tetrahydrofuran, can
also be used. Dimethyl formamide, dimethyl sulfoxide, and
alkyl esters of acetic acid such as ethyl acetate can also be
used. Mixtures of such solvents in various proportions can
be used when it is desired to elute or wash the column with
solvents of varying polarity. Aqueous solvents that are m of
water and an alcohol, for example, methanol, ethanol n-pro-
panol iso-propanol n-butanol, and n-and sec-hexanol are
particularly useful as mobile phases or eluants for the
chromatographic processes of the present invention, which
in certain embodiments are carried out using an eluant of
variable composition. Thus, an elution volume which is a
volume of aqueous solvent applied to the column, can be a
gradient eluant having two or more gradient volumes, the
composition of which can be the same or different, or the
compositon of the gradient eluant can be varied continu-
ously during elution. The composition of the elution volume
that is a gradient eluant can vary step-wise, linearly, sig-
moidally, exponentially, logarithmically, parabolically, or
hypyperbolically during elution. The limits of concentration
of gradient eluants are determined by the concentration of
polar organic solvent necessary to elute products from the
stationary phase and by the requirement that the polar
organic solvent be miscible to form a single phase at the
required concentration.
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In certain embodiments of the present invention the initial
alcohol concentration in the elution volume is 10 volume
percent (10 vol-%) or less and is increased as separation and
purification proceeds. The liquid chromatography systems
used to practice the present invention may be either pre-
parative or analytical. Preparative columns have larger load-
ing capacity and are typically larger in size. With regards to
the dimensions of the liquid chromatographic column, the
loading of the column, the temperature, and flow rate, one
skilled in the art will know to vary these parameters based
primarily upon practical considerations known in the art. For
example, flow rates of the eluent are adjusted according to
the column dimensions, the degree of separation desired, the
particle size of the stationary phase, and the back pressure in
the column. The separation is typically carried out at 20° C.
to 30° C. However, a temperature up to about 45° C. can be
used. The separation may be carried out at high pressure
(500-200 psi) or moderate pressures (100-500 psi) or, pref-
erably, at lower pressures (10-100 psi). Prior to use, the
liquid chromatography column can be conditioned by elut-
ing the column with a conditioning volume of a conditioning
liquid, preferably an aqueous solvent, more preferably
water. The conditioning volume is preferably between about
1 and about 10 column volumes. The extract containing the
compounds of interest is applied to the preferably condi-
tioned chromatography column as a solution, a slurry, or a
loading concentrate obtained by evaporating an aqueous
solvent, preferably alcohol, from an extraction composition
containing the compounds of the invention. If the extraction
composition to be treated is solid, it may be mixed with a
suitable solid carrier, for example treated or untreated silica
gel, and the solid mixture placed on top of the solid support.
Loading of the column is accomplished by eluting the
solution, slurry, or loading concentrate through the column;
or, when the product to be treated is admixed with silica gel,
by eluting the column with a loading elution volume.
Preferably, elution of the solution, slurry, loading concen-
trate, or loading elution volume is followed by elution with
a washing elution volume comprising an aqueous solvent
having the same composition as the aqueous solvent of the
solution, slurry, or loading concentrate used to load the
column stationary phase. The washing elution volume, when
one is used, is preferably between about 1 and about 10
column volumes.

In a specific embodiment, the method comprises contact-
ing an extraction composition of a natural source, such as an
extract of Rabdosia rubescens, in an aqueous solution or in
methanol or ethanol, with a synthetic polymeric resin com-
prising polyamide moieties or styrene-divinylbenzene moi-
eties for a period of time sufficient for the diterpenoids
and/or depsides of the invention to adsorb to the polymeric
resin, and eluting the resin with one or more solvents, and
collecting the fractions which comprise diterpenoids and/or
depsides of the invention. Exemplary methods for extracting
and enriching diterpenoids and/or depsides compounds of
the invention are provided in Sections 6 and 7.

In a specific embodiment, the compounds of the invention
can be selectively removed, enriched or retained by applying
supercritical fluid extraction technique to a natural source.
This technique, which generally utilizes carbon dioxide, is
known in the art, especially for preparing food and medici-
nal substances for human consumption. See, for example,
Hamburger et al., Phytochemical Analysis (2004), 15(1),
46-54; Simandi et al., Recents Progres en Genie des Pro-
cedes (1999) 13(71), 157-164, the disclosures of which are
incorporated herein by reference in their entirety. A co-
solvent, such as methanol or ethanol (from 5% to 15%), may
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also be used in the technique to increase the solubility of
polar compounds. Accordingly, in one embodiment, the
invention encompasses compositions comprising one or
more diterpenoids and/or depsides of the invention that have
been obtained via supercritical carbon dioxide extraction
from a natural source. Such compositions are produced by a
process comprising treating a biomass comprising com-
pounds of the invention, such as an extract of or a aerial part
of Rabdosia rubescens, with supercritical carbon dioxide for
a period of time and at a pressure (from the critical pressure
of carbon dioxide, to about 100, 200, 300, 400, 500 bar and
up to about 800 bar) and a temperature (from about 30° C.,
about 40° C., about 50° C., about 60° C., about 70° C., to
about 80° C.) that extract the diterpenoids and depsides of
the invention, including conditions that selectively extract
specific diterpenoids and depsides of the invention; and
collecting the extracted compounds.

In another embodiment, the compounds of the invention
can be synthesized chemically. The diterpenoid and depside
compounds of the invention can be prepared from readily
available starting materials using the following exemplary
general methods and procedures. An example of a biosyn-
thetic pathway for obtaining the ent-kaurene backbone is
presented in FIG. 1. It will be appreciated that where typical
or preferred process conditions (e.g., reaction temperatures,
times, mole ratios of reactants, solvents, pressures, etc.) are
given, other process conditions can also be used unless
otherwise stated. Optimum reaction conditions may vary
with the particular reactants or solvent used, but such
conditions can be determined by one skilled in the art by
routine optimization procedures.

Additionally, as will be apparent to those skilled in the art,
conventional protecting groups may be necessary to prevent
certain functional groups from undergoing undesired reac-
tions. The choice of a suitable protecting group for a
particular functional group as well as suitable conditions for
protection and deprotection are well known in the art. For
example, numerous protecting groups, and their introduction
and removal, are described in T. W. Greene and P. G. M.
Wuts, Protecting Groups in Organic Synthesis, Third Edi-
tion, Wiley, New York, 1999, and references cited therein.

Once synthesized, a compound of the invention can be
isolated from chemical precursors or other chemicals using
standard purification techniques such as, for example, chro-
matography (e.g., flash column chromatography and
HPLC), recrystallization, and differential solubility.

5.3 The Compositions of the Invention

The present invention provides compositions comprising
one or more compound(s) of the invention as described in
Section 5.1.

In one embodiment, the invention provides a composition
comprising a compound of the invention. In another
embodiment, the invention provides a composition compris-
ing an isolated compound of the invention. As used herein,
the term “isolated” in the context of a compound of the
invention that is chemically synthesized, refers to a com-
pound that is substantially free of chemical precursors. In a
specific embodiment, the compound is 60%, 65%, 75%,
80%, 85%, 90%, 95%, or 99% free (by dry weight) of other,
different compounds.

In another embodiment, the present invention also pro-
vides compositions comprising more than one compound of
the invention. For example, a composition of the invention
can comprises two, three, four, five, six, seven, eight, nine,
or ten or more compounds of the invention. In a specific
embodiment, the compounds in the composition are indi-
vidually purified or purified together.
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The compositions of the invention do not encompass a
natural source of the compounds of the invention. Examples
of a natural source of such compounds include the Rabdosia
rubescens plant, anatomical parts of the Rabdosia rubescens
plant, such as the aerial parts, the floral parts, and other
closely related Rabdosia species and their anatomical parts.

A natural source of the compounds can be a plant or its
anatomical part in its natural form, but can also include
compositions which have been prepared directly from the
plant or its parts by a process that does not selectively
remove or retain one or more particular diterpenoid and
depside compounds relative to other compounds present in
the plant, for example, pulverized Rabdosia rubescens plant
or its parts.

The term “isolated” when used in the context of a com-
pound of the invention that can be obtained from a natural
source, e.g., plants, refers to a compound which is substan-
tially free of contaminating materials from the natural
source, e.g., soil particles, minerals, chemicals from the
environment, and/or cellular materials from the natural
source, such as but not limited to cell debris, cell wall
materials, membranes, organelles, the bulk of the nucleic
acids, carbohydrates, proteins, and/or lipids present in cells.
The phrase “substantially free of natural source materials”
refers to preparations of a compound that have been sepa-
rated from cellular components of the cells from which it is
isolated. Thus, a compound that is isolated includes prepa-
rations of a compound having less than about 30%, 20%,
10%, 5%, 2%, or 1% (by dry weight) of cellular materials
and/or contaminating materials.

In certain embodiments, a composition of the invention
comprises diterpenoids, including one or more of the com-
pounds of formula I, 11, and/or formula III, or a pharmaceu-
tically acceptable salt, solvate or hydrate thereof, wherein (i)
the concentration of a diterpenoid in the composition is
different from that of a natural source of the diterpenoid;
and/or that (ii) the ratio of the concentration of at least one
diterpenoid in the composition to that of another diterpenoid
is different from that found in a natural source of the
diterpenoid compounds. For example, a two-fold increase or
decrease in concentration of one of the diterpenoids can be
used to distinguish a composition of the invention from a
natural source.

Such a composition can be prepared, for example, by
processing a natural source of diterpenoids such that at least
one particular diterpenoid has been selectively removed or
enriched or retained. Alternatively, one or more purified
diterpenoid can be used to make such compositions. Such a
composition can also be prepared, for example, by adding an
amount of at least one diterpenoid of the invention to a
natural source of the diterpenoid compounds.

In certain embodiments, a composition of the invention
comprises depsides, including one or more of the com-
pounds of formula IV, and/or formula V, or a pharmaceuti-
cally acceptable salt, solvate or hydrate thereof, wherein (i)
the concentration of a depside in the composition is different
from that of a natural source of the diterpenoid; and/or that
(i) the ratio of the concentration of one depside in the
composition to that of another depside is different from that
found in a natural source of the depside compounds. For
example, a two-fold increase or decrease in concentration of
one of the depsides can be used to distinguish a composition
of the invention from a natural source.

Such a composition can be prepared, for example, by
processing a natural source of depsides such that at least one
particular depsides has been selectively removed or enriched
or retained. Alternatively, one or more purified depside can
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be used to make such compositions. Such a composition can
also be prepared, for example, by adding an amount of at
least one depside of the invention to a natural source or
processed natural source of the depside compounds.

In specific embodiments, a composition of the invention
can comprise compounds having the formula I, II, III, IV
and/or formula V, or a pharmaceutically acceptable salt,
solvate or hydrate thereof, wherein (i) the concentration of
one or more of the compounds having the formula I is
increased or decreased relative to that found in a natural
source of the compounds; (ii) the concentration of one or
more of the compounds having the formula II is increased or
decreased relative to that found in a natural source of the
compounds; (iii) the concentration of one or more of the
compounds having the formula III is increased or decreased
relative to that found in a natural source of the compounds;
(iv) the concentration of one or more of the compounds
having the formula IV is increased or decreased relative to
that found in a natural source of the compounds; (v) the
concentration of one or more of the compounds having the
formula V is increased or decreased relative to that found in
a natural source of the compounds; (vi) the concentration of
rubescensin J is at least about 100 pg/g, is at least about 200
ng/g, at least about 500 pg/g, at least about 1 mg/g, at least
about 2 mg/g, at least about 5 mg/g, at least about 10 mg/g,
at least about 100 mg/g; or is less than about 100 pg/g, less
than about 50 pg/g, less than about 20 ng/g, less than about
10 pg/g; (vii) the concentration of rubescensin O-1 is at least
about 100 pg/g, at least about 200 pg/g, at least about 500
ng/g, at least about 1 mg/g, at least about 2 mg/g, at least
about 5 mg/g, at least about 10 mg/g, at least about 100
mg/g; or is less than about 20 pg/g, less than about 10 pg/g,
less than about 5 pg/g; (viii) the concentration of rubes-
cendepside is at least about 100 pg/g, at least about 200 pg/g,
at least about 500 pg/g, at least about 1 mg/g, at least about
2 mg/g, at least about 5 mg/g, at least about 10 mg/g, at least
about 100 mg/g; or is less than about 50 ng/g, less than about
20 pg/g, less than about 10 pg/g; (x) the concentration of one
or more of the compounds having the formula I, II, IIL, TV,
and/or formula V is present at a concentration greater than
about 500 ng/g, about 1 mg/g, about 2 mg/g, about 5 mg/g,
about 10 mg/g, or about 100 mg/g of the composition;
and/or. (x) the level of one or more of the compounds having
the formula I, II, III, 1V, and/or formula V is present at
greater than or equal to about 1 part per million (ppm), about
2 ppm, about 5 ppm, about 10 ppm, about 20 ppm, about 50
ppm, about 100 ppm, about 150 ppm, about 200 ppm, about
250 ppm, about 300 ppm, about 400 ppm, about 500 ppm,
about 750ppm, or about 1000 ppm.

In yet another embodiment, the invention provides a
composition comprising compounds having the formula I,
11, 111, IV and/or formula V, or a pharmaceutically acceptable
salt, solvate or hydrate thereof, or a pharmaceutically
acceptable salt, solvate or hydrate thereof, wherein the
percentages (by dry weight) of one or more diterpenoid or
depside relative to the total content of diterpenoids or
depsides is different from that in a natural source of the
compounds. In one embodiment, a composition comprises
diterpenoids having the formula I, II, or IIT which constitute
at least about 10%, about 25%, at least about 35%, at least
about 50%, at least about 75%, at least about 80%, or at least
about 90% of the total diterpenoids in the composition.

In another embodiment, a composition comprises dep-
sides having the formula IV or V which constitute at least
about 10%, at least about 20%, at least about 25%, at least
about 35%, at least about 50%, at least about 75%, at least
about 80%, or at least about 90% of the total depsides in the
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composition. In another embodiment, a composition com-
prises rubescensin J which constitutes at least about 15%, at
least about 20%, at least about 25%, at least about 35%, at
least about 50%, at least about 75%, at least about 80%, or
at least about 90% of the total diterpenoids in the compo-
sition. In another embodiment, a composition comprises
rubescensin O-1 which constitutes at least about 15%, at
least about 20%, at least about 25%, at least about 35%, at
least about 50%, at least about 75%, at least about 80%, or
at least about 90% of the total diterpenoids in the compo-
sition. In another embodiment, a composition comprises
rubescendepside which constitutes at least about 15%, at
least about 20%, at least about 25%, at least about 35%, at
least about 50%, at least about 75%, at least about 80%, or
at least about 90% of the total depsides in the composition.

In another embodiment, a composition of the invention
comprises compounds having the formula I, II, III, 1V,
and/or formula V or a pharmaceutically acceptable salt,
solvate or hydrate thereof, or a pharmaceutically or physi-
ologically acceptable salt, solvate or hydrate thereof,
wherein the ratio of certain diterpenoids and/or depsides in
the composition is different from that found in a natural
source of the compounds.

To distinguish different mixtures or compositions, includ-
ing natural sources of the compounds, not all diterpenoids or
depsides in the compositions need to be quantified as long as
there is at least one difference in the concentration of at least
one diterpenoid or depside compound relative to that found
in a natural source of the compounds and/or in the ratio of
at least two diterpenoid or depside compounds relative to
that found in a natural source of the compounds. The ratio
can be expressed as a quotient of the concentrations or
amounts of the respective compounds in the mixtures.
Accordingly, the compositions of the invention can be
described by stating that the ratio of two or more specific
diterpenoid or depside compounds is greater than, equal to,
or less than a ratio or a specified set of ratios. The ratio of
two diterpenoids or two depsides in a composition of the
invention can also be represented by the expression p:q,
where p and q are integers, e.g., 1:1, 2:1, 3:1, 4:1, 5:1, 10:1,
15:1, 20:1, 50:1, 75:1, 100:1, 200:1, 500:1, 1000:1.

In certain embodiments, a composition comprises one or
more compounds of the invention wherein the concentration
of a compound in the composition ranges from about
0.001% (w/w) to about 95% (w/w) of the composition. For
example, in some embodiments, the compound is selected
from the group consisting of rubescensin J, rebescensin O-1,
rubscendepside, rubescensin M, rabdoternin A, rabdoternin
B and rabdoternin C. In some embodiments, the concentra-
tion of the compound in the composition is about 0.005%
(wiw), about 0.01% (w/w), about 0.05% (w/w), about 0.1%
(wiw), about 0.5% (w/w), about 1% (w/w), about 5% (w/w),
about 10% (w/w), about 15% (w/w), about 20% (w/w),
about 25% (w/w), about 30% (w/w), about 40% (w/w),
about 50% (w/w), about 60% (w/w), about 70% (w/w),
about 80% (w/w), or about 90% (w/w). In addition to one or
more compounds of the invention, such compositions can
comprise any number of natural or synthetic ingredients or
components including, e.g., solvents, that are not a com-
pound of the invention.

In certain embodiments, certain-compounds, such as but
not limited to one or more of the following: oridonin
(rubescensin A), ponicidin (rubescensin B), rosthorin, effu-
sanin E, rubescensin I, rubescensin J, rubescensin K, rube-
scensin [, rubescensin P, rubescensin M, rubescensin Q,
rabdoternin A, rabdoternin B, rabdoternin C, and rubes-
cendepside, are selectively removed or substantially
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depleted from a natural source of the compounds of the
invention, such as an extract of Rabdosia rubescens. For
example, a composition of the invention can comprise less
than about 99%, about 95%, about 90%, about 80%, about
70%, about 75%, about 60%, about 50%, about 40%, about
20% of the original level of such compound(s) in a natural
source or an extract of Rabdosia rubescens.

In one aspect, the present invention provides compounds
having formula I, I, III, IV or V that inhibit cancer or tumor
growth in vivo and/or in vitro. In certain embodiments, the
compounds provide reversal of tumor volume or cancer cell
numbers in vivo. In other embodiments, a composition
comprises a safe and effective amount of a compound of the
invention. As used herein, the term “safe and effective
amount” refers to an amount that is sufficient to produce a
beneficial effect, but low enough to avoid undesirable side
effects, (e.g., toxicity or allergic reaction), i.e., to provide a
reasonable benefit to risk ratio, within the scope of sound
medical judgment. The activities of such compounds and
compositions can be demonstrated by many known methods
in the art, such as but not limited to the cells and methods
described in Section 6.

In some embodiments, the invention encompasses com-
pounds having formula I, II, III, IV or V that inhibits
neoplastic transformation of JB6 cells by at least 50% at
concentrations of about 100 uM, about 80 uM, about 75 uM,
about 60 uM, about 50 uM, about 40 uM, about 30 uM,
about 25 uM, or about 10 uM, or less than 10 pM. In some
embodiments, the invention provides compounds having
formula I, II, III, IV or V that inhibits HCT116 colon cancer
cell growth by at least 50% at concentrations of 100 uM,
about 80 uM, about 75 uM, about 60 uM, about 50 uM,
about 40 uM, about 30 uM, about 25 uM, or about 10 uM
or less than 10 uM. In some embodiments, the invention
provides compounds having formula I, II, IIL, IV or V that
inhibits SK-MEL-28 skin cancer cell growth by at least 50%
at concentrations of about 100 uM, about 80 uM, about 75
uM, about 60 uM, about 50 pM, about 40 uM, about 30 atM,
about 25 uM, or about 10 uM, or less than 10 pM. In some
embodiments, the invention provides compounds having
formula I, 11, III, IV or V that inhibits HT460 lung cancer
cell growth by at least 50% at concentrations of about 100
uM, about 80 uM, about 75 uM, about 60 uM, about 50 uM,
about 40 uM, about 30 uM, about 25 uM, or about 10 uM,
or less than 10 pM.

In certain embodiments, a composition of the invention
does not consist of a composition described in any one of the
following references: de la Taille et al., 2000, Journal of
Alternative & Complementary Medicine, 6(5): 449-51; Han
et al., 2004a, Tetrahedron Letters 45(13): 2833-2837; Han et
al., 2004b, Tetrahedron Letter, 60(10): 2373-2377; Han et
al., 2003a, Heterocycles, 60(4): 933-938; Han et al., 2003b,
Helvetica Chimica Acta, 86(3): 773-777; Han et al., 2003,
Youji Huaxue 23(3): 270-273; Han et al., 2003, Huaxue
Xuebao, 61(7): 1077-1082; Ikezoe et al., 2003, International
Journal of Oncology, 23(4): 1187-1193; Li et al., 2002,
Polish Journal of Chemistry, 76(5): 721-724; Li et al.,
2000a, Phytochemistry 53(8): 855-859; .Li et al., 2000b,
Chinese Chemical Letters, 11(1): 43-44; Liu et al., 2000,
Chemical & Pharmaceutical Bulletin 48(1): 148-149; Liu et
al., 2000, Tianran Chanwu Yanjiu Yu Kaifa 12(2): 4-7; Zhao
etal., 2000, Henan Yike Daxue Xuebao, 35(2): 138-139; Bai
et al., Abstracts of Papers, 223rd ACS National Meeting,
Orlando, Fla., United States, Apr. 7-11, 2002: AGFD-093;
Meade-Tollin et al., 2004, Journal of Natural Products,
67(1): 2-4, U.S. Pat. No. 5,665,393, U.S. patent publication
US2003-0035851A1, which are incorporated herein by ref-
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erence in their entirety. In a specific embodiment, a com-
position of the invention is not the herbal mixture known
under the name of SPES or PC-SPES. In certain embodi-
ments, a composition of the invention does not consist of
any one or more of the following compounds or plant
extracts: lupulone or an extract of Humulus lupulus;
bavachin, bavachalcone, bavachinin, and/or bavachromene
or an extract of Psoralea corylifolia L.; gensenoside or an
extract of Panax pseudo-ginseng Wall; baicalin or an extract
of Scutellaria baicalensis Georgi; soy flavonoid and soy
isoflavonoid or extracts of Glycine max; curcummin or an
extract of Curcuma ionga; an extract of Dendranthema
morifolium; an extract of Ganoderma lucidium; an extract of
Glycyrrhiza uraensis; extract of Isatis indigotica; or an
extract of Serenoa repens.

In various embodiments, depending on the intended use
and without limitation, a composition of the invention can be
a nutraceutical composition, a cosmetic composition or a
pharamceutical composition.

In the various embodiments, the diterpenoid and/or dep-
side compounds of the invention can be administered either
alone or in combination with natural products and their
derivatives. For example, natural products and derivatives,
such as botanical extracts, that have immunomodulatory
activity, anti-angiogenic activity, anti-TNFa activitiy, anti-
inflammatory activity, anti-infective activity, antiviral activ-
ity and/or anticancer activity can be used in combination
with the compounds of the invention. Non-limiting
examples of such extracts include but are not limited to
rosemary extracts, green tea extracts, black tea extracts,
orange peel extracts, licorice root extracts, resveratrol com-
pounds and derivatives, Inula extracts, Mexican bamboo
extracts, or Huzhang extracts. Purified compounds and
derivatives thereof present in such extracts can also be used.

For example, phytochemicals or plant extracts can be
used in combination with the compounds and compositions
of the invention. Non-limiting examples of phytochemicals
or plant extracts that can be used in combination with the
compounds and compositions of the invention are disclosed
in U.S. Pat. Nos. 6,498,195, 6,627,623, 6,790,869, interna-
tional patent publications nos. WO 01/21137, WO 02/39956,
which are incorporated herein by reference in their entirety.

5.4 Nutraceutical Compositions

In one embodiment, a composition of the invention can be
a nutraceutical composition. As used herein, the terms
“nutraceutical” or “nutraceutical composition of the inven-
tion” are used interchangeably to refer to, a composition
comprising a compound of the invention, and include with-
out limitation, food compositions, food additives, food com-
positions in bulk, food additives in bulk, dietary supple-
ments, medical foods, and foods for special dietary use, of
the invention. Accordingly, a nutraceutical composition is a
composition, such as a composition as described in Section
5.3 above, that comprises one or more compound(s) of the
invention, i.e., compounds having a formula I, II, III, IV, or
V, e.g., rubescensin J, rubescensin O-1, and/or rubescendep-
side, and preferably, in an effective amount, therapeutically,
prophylactically or otherwise. In various embodiments, a
nutraceutical composition of the invention typically com-
prises one or more consumable vehicles, carriers, excipients,
or fillers. The term “consumable” means generally suitable
for, or is approved by a regulatory agency of the Federal or
a state government for, consumption by animals, and more
particularly by humans.

As used herein, “food” means any substance, whether
processed, semi-processed, or raw, which is intended for

20

25

30

35

45

50

55

60

65

22

consumption by animals including humans, but does not
include cosmetics, tobacco products or substances used only
as pharmaceuticals.

In one embodiment, the term “food composition” refers to
a food which comprises one or more composition(s) or
compound(s) of the invention. Any food to which a com-
position or compound of the invention is added is a food
composition of the invention. Any food in which a com-
pound of the invention is made to be present at a greater
level is also a food composition of the invention.

Food compositions of the invention include but are not
limited to confectionery such as biscuits, chocolates, can-
dies, chewing gums, snacks, cakes, ice creams and jellies;
baked products such as but not limited to breads and pies;
pastas; noodles; processed soybean products such as tofu
(bean curd); dairy products such as but not limited to
yoghurt and butter; processed meat products such as but not
limited to ham, hamburgers, and sausage; fermented prod-
ucts; processed egg products such as tamago-yaki and egg
custard; processed seafood based products such as ground
fish meat products and imitation crab meat; seasonings such
as sauce, dressing, mayonnaise and furikake (rice topping);
dried fruits; cereals; pizzas; instant noodles; soups; snacks
(e.g., chips, pretzels); and nutrition supplements such as
food bars, sports bars and the like, which comprise one or
more composition(s) or compound(s) of the invention.

Food compositions of the invention also include but are
not limited to single cell protein, protein concentrates or
isolates prepared from plants, algae, plant cell cultures,
microorganisms, and animals, leaf meals, seed meals, con-
centrates and isolates from soybean, cottonseed, peanut, fish
meal, and concentrates from meat, organs, and/or bones,
which comprise one or more composition(s) or compound(s)
of the invention.

Food compositions of the invention also include a bev-
erage, such as but not limited to fortified mineral water,
fortified distilled water, a fruit juice-based beverage, a
shake, a carbonated beverage, a lactic acid beverage, a sport
beverage, milk, a milk-based beverage, a dairy product-
based beverage, a yoghurt-based beverage, a carbonated
water-based beverage, an alcoholic drink, a coffee-based
beverage, a tea-based beverage, a green tea-based beverage,
a black tea-based beverage, a grain-based beverage, a soy-
bean-based beverage, soya-milk, an aloe-based beverage, a
carbonated soft drink beverage, or a beverage based on plant
extracts, which comprises one or more composition(s) or
compound(s) of the invention. In a specific embodiment, a
food composition of the invention can be a reconstitutable
powder that, when reconstituted with a liquid, such as
drinking water, can provide a beverage.

In another embodiment, the invention provides a food
additive comprising one or more composition(s) or com-
pound(s) of the invention. As used herein, the term “food
additive” refers to any substance not normally consumed as
a food by itself and not normally used as a typical ingredient
of the food, whether or not it has nutritive value, but which
is intentionally added to food. For example, the intentional
addition of food additive to food is for a technical purpose,
including an organoleptic purpose, in the manufacture, pro-
cessing, preparation, treatment, packing, packaging, trans-
port, or holding of such food. The use of a food additive
results, or may be reasonably expected to result, (directly or
indirectly) in it or its by-products becoming a component of
or otherwise affecting the characteristics of the food. In a
specific embodiment, a food additive of the invention can be
added to a food resulting in a food composition of the
invention.
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In various embodiments, a food additive of the invention
can be added to ingredients used in food preparation. Any
methods known to those skilled in the art may be used to add
to or incorporate a food additive of the invention in solid
form or liquid form into natural or processed foodstuff. For
example, a food additive of the invention can be used by the
food industry to fortify bulk food ingredients or to prepare
food products, or by consumers durin g food preparation. In
one embodiment, a food additve of the invention can be
incorporated into basic food ingredients, such as but not
limited to syrups, starches, grains, flour, fats and oils (e.g.,
cooking oil, frying oil, salad oil, margarine, mayonnaise or
peanut butter), dietary fibers and bulking agents. In another
embodiment, the food additives of the invention can be used
to prepare water-based food compositions. Moreover, oil-
based food additives of the invention can be emulsified and
used in a variety of drinks.

The compounds and compositions of the invention can
also be added to other food additives. Other food additives
which can be fortified with compound(s) and compositions
of the invention include but are not limited to natural
sweetners, artificial sweetners, acidulants, anticaking agents,
antioxidants, coloring agents, curing and pickling agents,
emulsifiers, enzymes, fat replacers, firming agents, natural
flavors, artificial flavors, flavor enhancers, humectants, leav-
ening agents, lubricants, preservatives, stabilizers and thick-
eners.

Examples of food additives acceptable in manufacturing
foods and beverages of the invention include sweeteners
such as sucrose, glucose, fructose, isomerized liquid sugars,
fructoligosaccharide, aspartame, sorbitol, sucralose, dextrin,
maltodextrin, and stevia; coloring agents such as red cab-
bage colorant, grape pericarp colorant, elderberry colorant,
caramel, gardenia colorant, corn colorant, saffron colorant
and carotene; preservatives such as pectin decomposition
products, benzoic acid, sorbic acid, parabens and potassium
sorbate; thickeners such as sodium alginate, propylene gly-
col alginate, calcium cellulose glycolate and sodium cellu-
lose glycolate; antioxidants such as L-ascorbic acid, toco-
pherol, erythrobic acid and rutin; color developing agents
such as ferrous sulfate, sodium nitrite and potassium nitrate;
bleaching agents such as sodium hydrogen nitrite and potas-
sium metabisulfite; quality-keeping agents such as propy-
lene glycol; quality improving agents such as L-cysteine
hydrochloride and calcium stearyl lactate; inflating agents
such as ammonium chloride, potassium hydrogen D-tartrate,
ammonium carbonate, potassium carbonate, sodium hydro-
gen carbonate and alum; emulsifiers such as lecithin, sph-
ingo-lipids, vegetable sterols, soybean saponin, sodium algi-
nate, propylene glycol alginate, casein sodium, glycerol
fatty acid esters, sucrose fatty acid esters and sorbitan fatty
acid esters; emulsion stabilizers such as sodium chondroitin
sulfate; flavoring substances such as lemon oil, eucalyptus
oil, peppermint oil, vanilla extract, orange oil, garlic oil,
ethyl acetoacetate, anisaldehyde, ethyl vanillin, cinnamic
acid, citronellyl acetate, citral, vanillin, butyl butyrate and
esters; nourishing agents such as L-ascorbic acid, L-aspar-
agine, L-alanine, inositol, L-glutamine, carotene, toco-
pherol, vitamin A, folic acid, iron citrate, heme iron and
uncalcined calcium; wheat flour-improving agents such as
benzoyl peroxide, ammonium persulfate and chlorine diox-
ide; bactericides such as bleaching powder, hydrogen per-
oxide and hypochlorous acid; chewing gum bases such as
methyl acetylricinolate, ester gum, vinyl acetate resin, poly-
isobutylene and polybutene; anti-blocking agents such as
D-mannitol; integrating agents such as acidic sodium pyro-
phosphate, potassium pyrophosphate and sodium pyrophos-
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phate; acidifiers such as adipic acid, citric acid, gluconic
acid, succinic acid, D-tartaric acid, lactic acid and DL-malic
acid; and seasonings such as fish extract, yeast extract, soy
sauce, tomato puree, meat extract, mirin, fruit puree, dried
bonito, sodium L-aspartate, DL-alanine, L-arginine
L-glutamate, disodium 5'-inosinate, trisodium citrate,
L-glutamic acid, sodium L-glutamate, succinic acid, L-tar-
taric acid and sodium lactate.

In another embodiment, the invention provides a dietary
supplement comprising one or more compound(s) or com-
positions of the invention. As used herein, the term “dietary
supplement” means a product (other than tobacco) intended
to supplement the diet. Typically, a dietary supplement is a
product that is labeled as a dietary supplement and is not
represented for use as a conventional food or as a sole item
of' a meal or the diet. A dietary supplement of the invention
can typically comprises one or more of the following dietary
ingredients: a vitamin;a mineral; an herb or other botanical;
an amino acid; a dietary supplement used by man to supple-
ment the diet by increasing the total dietary intake; or a
concentrate, metabolite, constituent, extract, or a combina-
tion of any of the ingredients. A dietary supplement can be
consumed by a subject independent of any food, unlike a
food additive which is incorporated into a food or food
composition during the processing, manufacture, prepara-
tion, or delivery of the food or food composition, or just
prior to its consumption.

In yet another embodiment, the invention provides a
medical food comprising one or more compound(s) or
composition(s) of the invention. As used herein, the term
“medical food” refers to a food which is formulated to be
consumed or administered enterally under the supervision of
a physician and which is intended for the specific dietary
management of a disease or condition for which distinctive
nutritional requirements, based on recognized scientific
principles, are established by medical evaluation. Examples
of medical foods include but are not limited to sole source
nutrition products which are complete nutritional products
used to replace all other food intake; oral rehydration
solutions for use in replacing fluids and electrolytes lost
following diarrhea or vomiting; modular nutrient products
containing specially selected components not intended to be
complete nutritional sources but designed for the manage-
ment of specific diseases and which have associated claims
to effectiveness either direct or implied; and products
intended for use in dietary management of inborn errors of
metabolism.

In yet another embodiment, the invention provides a food
for special dietary use comprising one or more compound(s)
or composition(s) of the invention. As used herein, the term
“food for special dietary use” refers to a food which purports
or is represented to be used, for at least one of the following:
supplying a special dietary need that exists by reason of a
physical, physiological, pathological, or other condition,
including but not limited to the condition of disease, con-
valescence, pregnancy, lactation, infancy, allergic hypersen-
sitivity to food, underweight, overweight, or the need to
control the intake of sodium; supplying a vitamin, mineral,
or other ingredient for use by man to supplement his diet by
increasing the total dietary intake; and supplying a special
dietary need by reason of being a food for use as the sole
item of the diet.

The nutracential compositions of the invention can also
include one or more other ingredients that impart additional
healthful or medicinal benefit. The optional ingredients
useful herein can be categorized by their healthful benefit or
their postulated mode of action. However, it is to be under-
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stood that the optional components useful herein can in
some instances provide more than one healthful benefit or
operate via more than one mode of action. Therefore,
classifications herein are made for the sake of convenience
and are not intended to limit the component to any particular
mechanism of action or to that particular application or
applications listed.

A nutracential composition can comprise in addition to
one or more compound(s) or composition(s) of the inven-
tion, one or more additional ingredient(s), such as but not
limited to vitamins, minerals, electrolytes, sports nutritional
products, amino acids, probiotics, metabolites, hormones,
enzymes, cartilage products, botantical extracts, and homeo-
pathic products. More specifically, a nutracential composi-
tion of the invention can further one or more substance(s)
from the following non-limiting categories: (i) amino acids
and oligopeptides, such as but not limited to 5-hydroxytryp-
tophan, acetyl-L-carnitine, acetylcysteine, arginine pyro-
glutamate, branched-chain amino acids, creatine, DL-phe-
nylalanine (phenylalanine), dimethylglycine (DMG),
glutamine peptides, glutathione, glycine, insulin-like growth
factor 1, L-arginine (arginine), L-aspartate, [-carnitine,
L-cysteine, L-glutamine, L-histidine, L-lysine (lysine),
L-methionine (methionine), L-ornithine, L-phenylalanine
(phenylalanine), [-theanine, L-tyrosine (tyrosine), lactofer-
rin, ornithine alpha-ketoglutarate, para-aminobenzoic acid
(aminobenzoic acid), taurine; (ii) glycosupplements, such as
but not limited to chitosan, chondroitin sulfate, D-glucarate,
D-ribose, fructo-oligosaccharides, glucomannan, glu-
cosamine, inulins (inulin), lactulose, larch arabinogalactan,
modified citrus pectin, pectin, psyllium (psyllium husk),
sodium alginates, yeast beta-D-glucans; (iii) hormones, such
as but not limited to 19-norandrostenedione, androstenediol,
androstanedione, beta-sitosterol, biochanin A, DHEA, glan-
dulars, human growth hormone and secretagogues (somat-
ropin), ipriflavone, melatonin, pregnenolone, soy isofla-
vones, tiratricol (TRIAC); lipids such as but not limited to
alkoxyglycerols, blackcurrant seed oil, borage oil, caprylic
acid, cetyl myristoleate, conjugated linoleic acid (CLA),
docahexaenoic acid (DHA), eicosapentaenoic acid (EPA),
evening primrose oil, fish oil, flaxseed oil, gamma-linolenic
acid (GLA), glycerol (glycerin), hemp seed oil, hexacosanol,
inositol hexaphosphate, L-alpha-glycerylphosphorylcholine
(Alpha-GPC), lithium gamma-linolenic acid (Li-GLA),
medium-chain triglycerides, myo-inositol, octacosanol,
perilla oil, phosphatidylcholine, phosphatidylserine, poli-
cosanol, squalene, plant stanols; (iv) metabolites and cofac-
tors such as but not limited to 7-oxo-dehydroepiandroster-
one, alpha-lipoic acid, betaine and betaine hydrochloride,
CDP-choline (citicolin sodium), coenzyme Q10 (CoQ10),
NADH, pantethine, pyruvate, S-adenosyl-L-methione
(SAMe); (v) minerals and electrolytes, such as but not
limited to metal salts, chelated minerals, colloidal minerals,
colloidal silver, colloidal gold, bentonite, compounds com-
prising aluminum, arsenic, boron, bromine, calcium, chro-
mium, copper, fluoride, germanium, iodine, iron, lithium,
magnesium, manganese, molybdenum, nickel, phosphorus,
potassium, selenium, selenium, silicon, tin, vanadium, and
zinc; (vi) mycosupplements such as but not limited to
brewer’s yeast, kombucha, myco-polysaccharides, red yeast
rice; (vii) inosine, nucleic acids, nucleotides; (viii) micro-
organisms such as but limited to prebiotics, probiotics,
synbiotics, yoghurt organisms; (ix) proteins such as but not
limited to bovine cartilage, bovine colostrum, bromelain
(bromelains), chicken collagen II, gelatin hydrolysates
(gelatin), hydrolyzed collagen, shark cartilage, soy protein,
whey proteins; (x) vitamins in either natural or synthetic
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form, such as but are not limited to, vitamin A (e.g., beta
carotene, retinoic acid, retinol, retinoids, retinyl palmitate,
retinyl proprionate, etc.), vitamin B (e.g., niacin, niacina-
mide, riboflavin, pantothenic acid, etc.), vitamin B6 (pyri-
doxine hydrochloride), vitamin B12 (cyanocobalamin), vita-
min C (e.g., ascorbic acid, etc.), vitamin D (e.g., ergosterol,
ergocalciferol, cholecalciferol, etc.), Vitamin E (e.g., toco-
pherol acetate, etc.), vitamin K (e.g., phytonadione, mena-
dione, phthiocol, etc.), alpha-tocopheryl nicotinate, alpha-
tocopheryl polyethylene glycol succinate, ascorbyl
palmitate, biotin, folate (folio acid), gamma-tocopherol,
inositol nicotinate (inositol niacinate), niacin, nicotinamide
(niacinamide), pantothenic acid (calcium pantothenate),
thiamin, and tocotrienols; (xi) botantical extracts such as
DHEA, Ginkgo biloba extracts, ginseng extracts, reisi (Ga-
noderma) extract; and (xii) other supplements known in the
art such as but not limited to activated charcoal, beta-
hydroxy-beta-methylbutyrate (HMB), choline, colosolic
acid, deanol, dimethyl sulfoxide (DMSO), dolomite,
gamma-butyrolactone (GBL), gamma-hydroxybutyrate
(GHB), liver hydrolysate/desiccated liver, malic acid, meth-
ylsulfonylmethane (MSM), royal jelly, vinpocetine, arnica,
bee pollen, chlorella, chlorophyll/chlorophyllin (chlorophyl-
lin copper complex), chrysin, cocoa flavonoids, curcumi-
noids, daidzein, deglycyrrhizinated licorice (DGL), flower
pollen, genistein, glycitein, grape seed proanthocyanidins,
green tea catechins, black tea theaflavins, hesperetin, hes-
peridin, huperzine A, hydroxycitric acid, hydroxyethylruto-
sides, indole-3-carbinol, lutein and zeaxanthin, lycopene,
oat beta-D-glucan, phytostanols, phytosterols, piperine, pro-
polis, pycnogenol, quercetin, resveratrol, rutin, secoisolar-
iciresinol diglycoside (SDG), soy isoflavones, spirulina,
sulforaphane, wheat grass/barley grass.

Non-limiting examples of minerals and electrolytes
include but are not limited to calcium compounds, calcium
carbonate, calcium citrate, iron compounds, iron fumarate,
iron gluconate, iron sulfate, magnesium compounds, mag-
nesium carbonate, magnesium chloride, magnesium glucon-
ate, selenium compounds, sodium compounds, and manga-
nese compounds.

Also encompassed by the invention are nutraceutical
compositions comprising one or more compound(s) or com-
position(s) of the invention and one or more “Generally
Regarded As Safe” (“GRAS”) substance(s). Many GRAS
substances are known and are listed in the various sections
of the regulations of the United States public health author-
ity, 21 CFR 73, 74, 75, 172, 173, 182, 184 and 186, which
are incorporated herein by reference in their entirety. Thus,
in various embodiments, a dietary supplement, food com-
position or food additive of the invention comprises one or
more GRAS substances.

For example, the following exemplary GRAS flavor alco-
hols can be used in combination with the compounds and
compositions of the invention, benzyl alcohol, acetoin
(acetylmethylcarbinol), ethyl alcohol (ethanol), propyl alco-
hol (1-propanol), iso-propyl alcohol (2-propanol, isopro-
panol), propylene glycol, glycerol, n-butyl alcohol (n-propyl
carbinol), iso-butyl alcohol (2-methyl-1-propanol), hexyl
alcohol (hexanol), L-menthol, octyl alcohol (n-octanol),
cinnamy! alcohol (3-phenyl-2-propene-1-ol), .alpha.-meth-
ylbenzyl alcohol (1-phenyl-ethanol), heptyl alcohol (hep-
tanol), n-amyl alcohol (1-pentanol), iso-amyl alcohol (3-me-
thyl-1-butanol), anisalcohol (4-methoxybenzyl alcohol,
p-anisalcohol), citronellol, n-decyl alcohol (n-decanol),
geraniol, beta-gamma-hexanol (3-hexenol), lauryl alcohol
(dodecanol), linalool, nerolidol, nonadienol (2,6-nonadiene-
1-0l), nonyl alcohol (nonanol-1), rhodinol, terpineol,
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bomeol, clineol (eucalyptol), anisole, cuminyl alcohol
(cuminol), 10-undecen-1-ol, 1-hexadecanol. Suitable
derivatives include, for example, the esters, ethers and
carbonates of the above mentioned GRAS flavor alcohols
are also contemplated. Particularly preferred GRAS flavor
alcohols are benzyl alcohol, 1-propanol, glycerol, propylene
glycol, n-butyl alcohol, citronellol, hexanol, linalool, acetoin
and their derivatives.

Also encompassed is the inclusion of one or more GRAS
polyphenols in the nutraceutical compositions of the inven-
tion, such as but not limited to catechol, resorcinol, hydro-
quinone, phloroglucinol, pyrogallol, cyclohexane, usnic
acid, acylpolyphenols, lignins, anthocyans, flavones, cat-
echols, gallic acid derivatives (e.g., tannins, gallotannin,
tannic acids, gallotannic acids), catechins, theaflavins,
camosol, camosolic acid (including their derivatives, such as
(2,5-dihydroxyphenyl)carboxylic and (2,5-dihydroxyphe-
nyl)alkylenecarboxylic substitutions, salts, esters, amides),
caffeic acid and its esters and amides, flavonoids (e.g.,
flavone, flavonol, isoflavone, gossypetin, myricetin, robin-
etin, apigenin, morin, taxifolin, eriodictyol, naringin, rutin,
hesperidin, troxerutin, chrysin, tangeritin, luteolin, cat-
echols, quercetin, fisetin, kaempferol, galangin, rotenoids,
aurones, flavonols, diols), extracts, e.g., from Camellia (C.
sinensis in particular), or Primula. Further, their derivatives,
e.g., salts, acids, esters, oxides and ethers, may also be used.

Also encompassed is the inclusion of one or more GRAS
acids in the nutraceutical compositions of the invention,
such as but not limited to acetic acid, aconitic acid, adipic
acid, formic acid, malic acid (1-hydroxysuccinic acid),
capronic acid, hydrocinnamic acid (3-phenyl-1-propionic
acid), pelargonic acid (nonanoic acid), lactic acid (2-hydrox-
ypropionic acid), phenoxyacetic acid (glycolic acid phenyl
ether), phenylacetic acid (alpha-toluenic acid), valeric acid
(pentanoic acid), iso-valeric acid (3-methylbutyric acid),
cinnamic acid (3-phenylpropenoic acid), citric acid, man-
delic acid (hydroxyphenylacetic acid), tartaric acid (2,3-
dihydroxybutanedioic acid; 2,3-dihydroxysuccinic acid),
fumaric acid, tannic acid and their derivatives. Suitable
derivatives according to the present invention are esters
(e.g., C,_s-alkyl esters and benzyl esters), amides (including
N-substituted amides) and salts (alkali, alkaline earth and
ammonium salts) of the above mentioned acids. According
to the present invention, the term “derivatives” also encom-
passes modifications of the side-chain hydroxy functions
(e.g., acyl and alkyl derivatives) and modifications of the
double bonds (e.g., the perhydrogenated and hydroxylated
derivatives of the mentioned acids).

Also encompassed is the inclusion of one or more GRAS
phenols in the nutraceutical compositions of the invention,
such as but not limited to thymol, methyleugenol, acetyleu-
genol, safrol, eugenol, isoeugenol, anethole, methylchavicol
(estragol;  3-(4-methoxyphenyl)-1-propene), carvacrol,
alpha-bisabolol, fomesol, anisole (methoxybenzene), prope-
nylguaethol (5-propenyl-2-ethoxyphenol) and their deriva-
tives. Derivatives according to the present invention are
compounds in which the phenolic hydroxy group has been
esterified or etherified.

Also encompassed is the inclusion of one or more GRAS
esters in the nutraceutical compositions of the invention,
such as but not limited to allicin and the following acetates
may be used, for example: iso-amyl acetate (3-methyl-1-
butyl acetate), benzyl acetate, benzylphenyl acetate, n-butyl
acetate, cinnamyl acetate (3-phenylpropenyl acetate), cit-
ronellyl acetate, ethyl acetate (acetic ester), eugenol acetate
(acetyleugenol), geranyl acetate, hexyl acetate (hexanyl
ethanoate), hydrocinnamyl acetate (3-phenylpropyl acetate),
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linalyl acetate, octyl acetate, phenylethyl acetate, terpinyl
acetate, triacetin (glyceryl triacetate), potassium acetate,
sodium acetate and calcium acetate.

Also encompassed is the inclusion of one or more GRAS
terpenes in the nutraceutical compositions of the invention,
such as but not limited to camphor, limonene and beta-
caryophyllene.

Also encompassed is the inclusion of one or more GRAS
acetals in the nutraceutical compositions of the invention,
such as but not limited to acetal, acetaldehyde dibutyl acetal,
acetaldehyde dipropyl acetal, acetaldehyde phenethyl propyl
acetal, cinnamic aldehyde ethylene glycol acetal, decanal
dimethyl acetal, heptanal dimethyl acetal, heptanal glyceryl
acetal and benzaldehyde propylene glycol acetal.

Also encompassed is the inclusion of one or more GRAS
acetaldehydes in the nutraceutical compositions of the
invention, such as but not limited to acetaldehyde, anisal-
dehyde, benzaldehyde, iso-butyl aldehyde (methyl-1-propa-
nal), citral, citronellal, n-caprylic aldehyde (n-decanal), eth-
ylvanillin, furfural, heliotropin (piperonal), heptyl aldehyde
(heptanal), hexyl aldehyde (hexanal), 2-hexenal (beta-pro-
pylacrolein), hydrocinnamic aldehyde (3-phenyl-1-propa-
nal), lauryl aldehyde (dodecanal), nonyl aldehyde (n-nona-
nal), octyl aldehyde (n-octanal), phenylacetaldehyde (1-oxo-
2-phenylethane), propionaldehyde (propanal), vanillin,
cinnamic aldehyde (3-phenylpropenal), perillaldehyde and
cuminaldehyde.

Also encompassed is the inclusion of one or more GRAS
essential oils in the nutraceutical compositions of the inven-
tion, such as but not limited to essential oils and/or alcoholic
or glycolic extracts or extracts obtained by high-pressure
carbon-dioxide processes from plants such as : oils or
extracts having a high content of alcohols: melissa, corian-
der, cardamon, eucalyptus; oils or extracts having a high
content of aldehydes: Fucalyptus citriodora, cinnamon,
lemon, lemon grass, melissa, citronella, lime, orange; oils or
extracts having a high content of phenols: origanum, thyme,
rosemary, orange, clove, fennel, camphor, mandarin, anise,
cascarilla, estragon and pimento; oils or extracts having a
high content of acetates: lavender; oils or extracts having a
high content of esters: mustard, onion, garlic; oils or extracts
having a high content of terpenes: pepper, bitter orange,
caraway, dill, lemon, peppermint, nutmeg; oils or extracts
having a high content of acids: olibanum.

Any of the additional substances in a nutraceutical com-
position of the invention may be included as pure or sub-
stantially pure material, or for example, as an extract
obtained by suitable physical and/or chemical isolation from
natural (e.g., plant) sources.

In certain embodiments, the meaning of the term “medical
food”, “food for special dietary use”, “dietary supplement”
or “food additive” is the meaning of those terms as defined
by a regulatory agency of the Federal or a state government,
including the United States Food and Drug Administraion.

In certain embodiments, the nutraceutical compositions of
the present invention comprise from about 0.001% to about
90%, by weight of the compound(s) or composition of the
invention. Other amounts of the combination that are also
contemplated are from about 0.0075% to about 75%, about
0.005% to about 50%, about 0.01% to about 35%, 0.1% to
about 20%, 0.1% to about 15%, 1% to about 10%, and 2%
to about 7%, by weight of the compound(s) or composition
of the invention.

5.5 Pharamceutical Compositions

The present invention provides compositions for the treat-
ment, prophylaxis, and amelioration of a disorder in a
subject. In one embodiment, a composition comprises one,
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two, three, four or more compounds of the invention, or a
pharmaceutically acceptable salt, solvate, or hydrate thereof.
In another embodiment, a composition comprises com-
pounds of the invention in the form of an extract of Rabdosia
rubescens, e.g. an extract prepared as described in Section
5.2 and in the Example sections, and a pharmaceutically
acceptable salt, solvate, or hydrate thereof. The composi-
tions comprising a compound or an extract of Rabdosia
rubescens, of the invention include bulk-drug compositions
(which can be non-sterile) useful in the manufacture of
pharmacuetical compositions and in the preparation of unit
dosage forms. Any of the nutraceutical compositions of the
invention can also be formulated as a pharmaceutical com-
position by one of skilled in the art.

As used herein, the phrase “pharmaceutically acceptable
salt” refers to pharmaceutically acceptable organic or inor-
ganic salts of a compound of the invention. Preferred salts
include, but are not limited, to sulfate, citrate, acetate,
oxalate, chloride, bromide, iodide, nitrate, bisulfate, phos-
phate, acid phosphate, isonicotinate, lactate, salicylate, acid
citrate, tartrate, oleate, tannate, pantothenate, bitartrate,
ascorbate, succinate, maleate, gentisinate, fumarate, glucon-
ate, glucaronate, saccharate, formate, benzoate, glutamate,
methanesulfonate, ethanesulfonate, benzenesulfonate, p
toluenesulfonate, and pamoate (i.e., 1,1'-methylene bis
(2-hydroxy-3-naphthoate)) salts. A pharmaceutically accept-
able salt may involve the inclusion of another molecule such
as an acetate ion, a succinate ion or other counterion. The
counterion may be any organic or inorganic moiety that
stabilizes the charge on the parent compound. Furthermore,
a pharmaceutically acceptable salt may have more than one
charged atom in its structure. Instances where multiple
charged atoms are part of the pharmaceutically acceptable
salt can have multiple counterions. Hence, a pharmaceuti-
cally acceptable salt can have one or more charged atoms
and/or one or more counterion.

As used herein, the term “pharmaceutically acceptable
solvate” refers to an association of one or more solvent
molecules and a compound of the invention. Examples of
solvents that form pharmaceutically acceptable solvates
include, but are not limited to, water, isopropanol, ethanol,
methanol, DMSO, ethyl acetate, acetic acid, and ethanola-
mine.

In one embodiment, a composition of the invention is a
pharmaceutical composition or a single unit dosage form.
Pharmaceutical compositions and single unit dosage forms
of the invention comprise a prophylactically or therapeuti-
cally effective amount of one or more compositions (e.g., a
compound of the invention, or other prophylactic or thera-
peutic agent), and a typically one or more vehicles, carriers,
or excipients. Preferably, the vehicles, carriers, or excipients
are pharmaceutically acceptable. The term “pharmaceuti-
cally acceptable” means approved by a regulatory agency of
the Federal or a state government or listed in the U.S.
Pharmacopeia or other generally recognized pharmacopeia
for use in animals, and more particularly in humans.

This invention further encompasses anhydrous pharma-
ceutical compositions and dosage forms. Anhydrous phar-
maceutical compositions and dosage forms of the invention
can be prepared using anhydrous or low moisture containing
ingredients and low moisture or low humidity conditions.
Pharmaceutical compositions and dosage forms that com-
prise lactose and at least one active ingredient that comprises
a primary or secondary amine are preferably anhydrous if
substantial contact with moisture and/or humidity during
manufacturing, packaging, and/or storage is expected. An
anhydrous pharmaceutical composition should be prepared
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and stored such that its anhydrous nature is maintained.
Accordingly, anhydrous compositions are preferably pack-
aged using materials known to prevent exposure to water
such that they can be included in suitable formulary kits.
Examples of suitable packaging include, but are not limited
to, hermetically sealed foils, plastics, unit dose containers
(e.g., vials), blister packs, and strip packs.

The term “vehicle” refers to a diluent, adjuvant, excipient,
carrier, or filler with which the compound or composition of
the invention is stored, transported, and/or administered.
Suitable vehicles are well-known to those skilled in the art
of pharmacy, and non-limiting examples of suitable vehicles
include starch, glucose, lactose, sucrose, gelatin, malt, rice,
flour, chalk, silica gel, sodium stearate, glycerol monostear-
ate, talc, sodium chloride, dried skim milk, glycerol, pro-
pylene, glycol, water, ethanol and the like. Such pharma-
ceutical vehicles can be sterile liquids, such as water and
oils, including those of petroleum, animal, vegetable or
synthetic origin, such as peanut oil, soybean oil, mineral oil,
sesame oil and the like. Water is a preferred vehicle when the
pharmaceutical composition is administered intravenously.
Saline solutions and aqueous dextrose and glycerol solutions
can also be employed as liquid vehicles, particularly for
injectable solutions. Whether a particular vehicle is suitable
for incorporation into a pharmaceutical or nutraceutical
composition or dosage form depends on a variety of factors
well known in the art including, but not limited to, the way
in which the dosage form will be administered to a patient
and the specific active ingredients in the dosage form. The
composition or single unit dosage form, if desired, can also
contain minor amounts of wetting or emulsifying agents, or
pH buffering agents.

The invention further encompasses pharmaceutical com-
positions and dosage forms that comprise one or more
compounds that reduce the rate by which an active ingre-
dient will decompose. Such compounds, which are referred
to herein as stabilizers, include, but are not limited to,
antioxidants such as ascorbic acid, pH buffers, or salt
buffers.

A pharmaceutical composition of the invention is formu-
lated to be compatible with its intended route of adminis-
tration. Examples of routes of administration include, but are
not limited to, parenteral, e.g., intravenous, intradermal,
subcutaneous, oral (e.g., inhalation), intranasal, transdermal
(topical), transmucosal, intra-tumoral, intra-synovial and
rectal administration. In various embodiments, the pharma-
ceutical compositions or single unit dosage forms are sterile
and in suitable form for administration to a subject, prefer-
ably an animal subject, more preferably a mammalian sub-
ject, and most preferably a human subject.

The composition, shape, and type of dosage forms of the
invention will typically vary depending on their use.
Examples of dosage forms include, but are not limited to:
tablets; caplets; capsules, such as soft elastic gelatin cap-
sules; pills, pellets, capsules containing liquids cachets;
troches; lozenges; dispersions; suppositories; ointments;
cataplasms (poultices); pastes; powders; dressings; creams;
plasters; solutions; patches; aerosols (e.g., nasal sprays or
inhalers); gels; liquid dosage forms suitable for oral or
mucosal administration to a patient, including suspensions
(e.g., aqueous or non-aqueous liquid suspensions, oil-in-
water emulsions, or a water-in-oil liquid emulsions), solu-
tions, and elixirs; liquid dosage forms suitable for parenteral
administration to a patient; and sterile solids (e.g., crystal-
line or amorphous solids) that can be reconstituted to
provide liquid dosage forms suitable for parenteral admin-
istration to a patient. Formulations in the form of powders or









































































































