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UNITED STATES DISTRICT COURT

SOUTHERN DISTRICT OF CALIFORNIA

(SAN DIEGO)
TRIVITIS, INC,, CASE No.: 10CV0316 JM POR
Plaintiff,
: FIRST AMENDED COMPLAINT FOR
V.o PATENT INFRINGEMENT

OCEAN SPRAY CRANBERRIES, INC., 2 | JURY DEMAND
Delaware Corporation

- Defendant.

Plaintiff Trivitis, Inc. for its Complaint for Patent Infringement against Defendant

Ocean Spray Cranberries, Inc. (“Ocean Spray”) alleges as follows:

PARTIES
1. Trivitis is a Nevada corporation having its principal place of business at
Thermal, California 92274,
2. . Upon information and belief, Ocean Spray is a Delaware corporation having a

principal place of business at One Ocean Spray Drive, Lakeville-Middleboro, Massachusetts
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02349,
3. ~Upon information and belief, Ocean Spray is in the business of developing,
canning, and bottling juice drinks throughout the United States.
JURISDICTION AND VENUE

4. . This is an action for patent infringement arising under the laws of the United
States, Title 35, United States Code.

5. This court has subject matter jurisdiction pursuant to 28 U.S.C. §§ 1331 and
1338(a).

6. " Venue is proper in this district pursuant to 28 U.S.C. §§ 1391(b), 1391(c) and
1400(b). On information and belief, Ocean Spray is subject to this Court’s personal
jurisdiction, consistent with the principals of due process and California’s long arm statute,
because Ocean Spray offers for sale and sells juice drinks in the Southern District of
California, has transacted business in this District, and/or has committed and/or induced acts
of patent infringement in this District.

CAUSES OF ACTION
Count I
Infringement of U.S. Patent Number 6,562,864

7. Trivitis realleges and incorporates by reference the allegations stated in
paragraphs L through 6.

8. . Trivitis is the owner of all right, title, and interest in United States Patent
Number 6,562,864 (the “’864 Patent”), entitled catechin multimers as therapeutic drug
delivery agents duly and properly issued by the U.S. Patent and Trademark Office on May 13,
2003. A copy of the ‘864 Patent is attached to this Complaint as Exhibit A.

9. i? The “864 Patent was originally issued to Drake Larson as the inventor and
subsequently all right, title and interest of Larson in the ‘864 Pafent was irrevocably assigned
to Trivitis. =

10. . Ocean Spray is directly infringing and/or inducing others to infringe the ‘864

Patent by making, using, offering to sell or selling in the United States, or importing into the
2
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United States, products that practice inventions claimed in the ‘864 Patent, including, but not
limited to, its CRANERGY Energy Juice Drink.
DEMAND FOR JURY TRIAL
11. . Pursuant to Rule 38(b) of the Federal Rules of Civil Procedure, Trivitis

respectfully requests a jury trial on all issues properly triable by a jury.
PRAYER FOR RELIEF
WHEREFORE, Trivitis prays for relief as follows:

A. - For a judgment declaring that Ocean Spray has infringed at least one claim of
Trivitis’ ‘864 Patent;

B. For a judgment awarding Trivitis compensatory damages as a result of Ocean
Spray’s infringement of the ‘864 Patent, together with interest and costs, and in no event less
than a reasonable royalty;

C.  For a judgment declaring that Ocean Spray’s infringement of Trivitis’ ‘864
Patent has been willful and deliberate;

D. For a judgment awarding Trivitis damages three times the award of
compensatory damages and pre-judgment interest under 35 U.S.C. § 284 as a result of Ocean
Spray’s willful and deliberate infringement of the ‘864 Patent;

E.  For a grant of a permanent injunction pursuant to 35 U.S.C. § 283, enjoining
Ocean Spray: from further acts of infringement; and

F. For such other and further relief as the Court deems proper and just.
Respectfully submitted,

OVAK BARON & EI\?EY LLP

i

Shaun M. Murphy |
Attorneys for Plaintiff Trivitis/ Inc.

DATE: February 10, 2010

By:
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CATECHIN MULTIMERS AS THERAPEUTIC
DRUG DELIVERY AGENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of U.S. patent
application Ser. No. 09/655,400, filed Sep. 5, 2000 niow U.S.
“ Pat. No. 6,423,742, which, in tum, claims the benefit of U.S.
Provisional Application Ser. No. 60/152,172, filed Sep. 2,
1999. This application also claims the benefit of U.S.
Provisional Application Ser. No. 60/329,247, filed Oct. 12,
2001. The contents of these enumerated applications are
incorporated by reference herein in their entirety.

TECHNICAL FIELD AND INDUSTRIAL
APPLICABILITY OF THE INVENTION

The present invention js related to catechin multimers and
their use as carrier moieties for the delivery of nucleophilic
andfor cationic bioactive therapeutic agents to target sites in
vivo, For example, substituted catechin multimers of the
present invention may be administered alone, for the treat-
ment of stenotic vascular diseases and disorders, such as
atherosclerosis (also known as arteriosclerosis) and coro-
nary heari disease (also known as corenary artery disease
and ischemic heart disease). Alternatively, catechin
multimers, substituted and otherwise, may be complexed
with nucleophilic and/or cationic bicactive therapeutic
agents, such as anti-thrombotic agents, cholestero! lowering
agents, anti-piaque agents, anti-cancer agents, chemothera-
peutic agents, anti-inflammatory agents, antibiotics,
~ antimicrobials, wound healing agents, and the like, for the
weatment of a varety of diseases and disorders, including

" but not limited to, vascular and cardiac stenoses, cancef,
inflammatory conditions, neurological conditions,
infections, burns, wounds, etc. Catechin multimes, particu-
lariy the substituted catechin multimers described herein,
have a strong affinity for polar proteins residing in the
vascular endothelium as well as the walls and membranes of
other select cells and tissues, and, accordingly, are able to
provide targeted delivery of bioactive agents embedded
therein and/or complexed therewith so as to potentiate their
therapeutic effects.

BACKGROUND OF THE INVENTION

Many diseases or disorders are characterized by localized
pathology, i.e., affecting only select cells, tissues or organs.
Examples of such diseases or disorders include but are not
limited to cancers, stenatic vascular disorders such as ath-
erosclerosis {or arteriosclerosis), inflammatory disorders,
- infections, wounds, burns, and certain neurological condi-
tions. Treatment modalities for such diseases often rely on
the ability to target bioactive agents to a diseased region or
tissue in the body of a patient, while minimizing or prevent-
ing action of the bioactive agents on other regions or tissues
in the body, such as undiseased regions or. tissues. In other
words, in treating such conditions, it is desirable to direct the
- appropriate drug to the affected area while at the same time
avoiding unacceptable or toxic side effects to healthy tissue.
Targeted drug delivery means are particularly important
where the toxicity of the drug is an issue. Specific tissue
targeting drug delivery methods potentiaily serve (o mini-
_ mize toxi¢ side effects, lower the required dosage amounts,
and decrease costs for the patient.

Various methods for targeted delivery of bioactive agents
are described in the literature. For example, one method
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involves the use of liposomes as delivery vchiclea.G
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Alternatively, structural features, such as receptor proteins
and cell-specific antigens, have also been used in targeting
delivery of a bioactive agent (o a particular region or tissue.
However, such structural features are associated with one or,
at most a few, disease states, In addition, incomplete or
jrregular expression of such structural features may fusther
timit their usefulness in targeted delivery of bioactive
agents. Moreover, delivery of effective doses of bioactive
agents 1o target cells is hampered by many factors, including
but not limited to, low residence times in serum, ineffective
targeting, loss of the therapeutic agent in solutjon before it
may be taken up by the target cell, and degradation of the
therapeutic in the endosomic/lysosomic pathway.

Accordingly, there is a need in the art 10 provide new
andfor improved methods for targeting specific cells or
tissues in the body of a patent, and delivering bioactive
agents to such targeted cells or tissues. The present invention
is directed to these, as well as other, important ends.

SUMMARY OF THE INVENTION

As demonstrated herein, catechins, including epi and
other carbo-cationic isomers and derivatives thereof, can as
monomers, dimers and higher multimers can form com-
plexes with nucleophilic and cationic bioactive agents. Cat-
echin multimers have a strong affinity for polar proteins,
such as those residing in the vascular endothelium, and on
cellforganelle membranes. Thus, as discussed in detail
tierein, such catechin compounds find particular utility in the
wargeted delivery of bioactive agents (o select sites in vivo.

Accordingly, it is an object of the invention is to provide
therapeutic compositions and methiods of using same to treat
sienotic vascular diseases and disorders, such s atheroscle-
rosis and coronary artery disease, comprising an effective
amount of a substituted catechin multimer. In a preferred
embadiment, the substitnted catechin multimer is an ami-
dated catechin multimer, a complex formed from the reac-
tion between catechin and nitrogen containing moities such
as ammonia (NH;). .

Nitric oxide (NO) and cyclic guanosine 3.5
monophosphate (cGMP) have been reported 10 prevent
vascular smooth muscie ceil proliferation and have benefi-
cial effects to reduce intimal thickening in response to
arterial injury (Sec Boerth N Jetal,, [ Vasc Res July-August
1997:34(4):245~59). Furthermore, endothelial dysfunction
associated with atherosclerosis has been attributed o alter-
ations in the L-arginine-nitric oxide (NO)-cGMP pathway or
to an excess of endothelin-1 (ET-1) (See, Hemandez-Perera
O et al., J Clin Invest Jun. 15, 1998;101(12):2711-9).

~ Accordingly, endothelial NO-cGMP signaling appears (o be

involved in the attenuation of atherosclerosis and inhibidon
of platelet aggregation. Though not wishing to be bound by
theory, it is believed that these substituted catechin
multimers, through their affinity for, polar proteins of the
vascular lining, direct delivery of the nitrogen moieties
embedded therein to the vascutar endothelium. The nitrogen
moieties then stimulate NO-cGMP signaling, which, in tum,
attenuates atherosclerosis and platelet aggregation. Thus, in
the above context, “treatment” involves one or more of the
following: (a) the reduction of plaque formation of the
vascular walls; (b)- the reversal of plaque deposition and
degenerative changes in the arterial walls; and (c) the
removal or stabilization of existing vascular plaques; or {d)
the enhancement of chotesterol solubility in plasma.

In one embodiment, the substituted catechin multimers,
alone or in combination with ather bioactive agents, are
particularly effective in encouraging of increasing, choles-
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terol solubility and also in reversing the arterial plaque
deposition and degenerative changes to substantially arrest,
alleviate and, to a certain extent, even cure the many and
varied problems, conditions and secondary complications
associated with atherosclerosis.
~ In another embodiment, the substituted catechin multim-
ers and methods of using same provide for the inhibition of
the formation (e.g., progression) of atherosclerotic plaques

and/or the removat of existing plaque from vascular walls of

animals, particularly humans. The therapeutic compositions
and methods may further aid in stabilizing plaques. By
“plaque stabilization”, it is meant the inhibition of plaque
passing through a phase in which the lipid core has grown
and the fibrous cap is very thin and vulrerable to rupture due
to an increase in the density of macrophages.

It is another object of the present invention to provide
therapeutic compositions and methods of using same for the
targeted delivery of bioactive agents to select sites in vivo,
comprising an effective amount of a catechin multimer,
particularly a substituted catechin multimer, complexed with
a nucleophilic and cationic bioactive agent. In order to
facilitate formation of the complex, the bicactive agent

should be either naturally nucleophilic and/or cationic or -

modified to be so. The catechin multimer acts as a “carrier”
for the bicactive agent, targeting the tissue of interest, such
as the vascular endothelium or the mitochondrial membrane
and delivering the therapeutic agent embedded therein to the
targeted site. The bioactive agent is preferably selected from
the group consisting of anti-thrombotics, cholesterol 1ower-
ing agents, anti-plaque agenis, anti-cancer agents,
chemotherapeutics, anti-inflammatory agents, antibiotics,
- antimicrobials, wound healing agents, and the like,

It is further object of the present invention to provide a
method for treating diseases or disorders associated with
localized pathology. Examples of such diseases and disor-
ders include but are not limited to cardiac and vascular
stenoses, cancer, inflammatory conditions, neurological
conditions, infection, wounds, burns and the like.

In one embodiment, the therapeutic composition com-
prises a catechin multimer, patticularly a substituted cat-
echin multimer, complexed with a bioactive anti-cancer or

. chemotherapeutic agent. The catechin multimer facilitates
the targeted delivery of the bicactive agent to the inner
mitochondrial membrane of the cancer cell and can stimu-
late the release of mitochondrial cytochrome < necessary for

proper apoptosis.

" In another embadiment, the therapeutic.composition com-

prises a catechin muitimér, particularly a substituted
catechin-ligand multimer, complexed with a bioactive anti-
inflammatory agent. The catechin multimer facilitates the
targeted delivery of the bioactive agent 1o an inflamed site
and inhibits adhesion .of platelets and macrophages.
Examples of inflammatory conditions that may be amenable
to treatment with such therapeutic compositions include but
are not limited to autoimmune disordets (e.g., rheumatoid
arthritis and systemic lupus erythematosus), myocarditis,
nephritis, ‘ulcerative colitis, inflammatory bowel disease

{e.g., Crohn’s disease).

In ancther embodiment, the therapeutic composition com-
prises a catechin multimer, particularly a substituted cat-
echin multimer, complexed with a biocactive antibiotic or
antirnicrobial agent, such as zinc or bismuth. The catechin
multimer facilitates the targeted delivery of the bioactive
agent to an infected site.

The therapeutic compositions of the present invention
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more excipient or additives. For example, therapeutic com-
positions may comprise one or more stabilizing agents, such
as salts, tannic acid, ascorbic acid lecithin, and tocopherols.
In one preferred embodiment, the stabilizing agent com-
prises about 10 wt. % to about 60 wt. % of the entire
composition.

These and other objects and features of the invention will
become more fully apparent when the following detailed
description is read in conjunction with the accompanying
figures and exarples.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A depicts the results of human platelet aggregation
trials using platelet activating factor (PAF) as the aggregat-
ing agent, comparing the effect of amidated catechin mul-
timer to control. Time is shown on the X-axis and the
percentage of platelets in aggregated state is shown on the
Y-axis.

FIG. 1B depicts the resu[ts of human platelet aggregauon
trials using thrombin as the aggregating agent, comparing
the effect of amidated catechin multimer to control. Time is
shown on the X-axis and the percentage of platelets in
aggregated state is shown on the Y-axis.

DETAILED DESCRIFTION AND PREFERRED
EMBODIMENTS OF THE INVENTION

In one embodiment, the present invention relates to thera-
peutic compositions and methods for treating stenotic car-
diac and vascular diseases and disorders, particularly ath-
erosclerosis. Plaque formation on vascular walls of animals,
particutarly humans, can be reduced by administering to a
subject in need thereof a therapeutically effective amount of
a catechin multimer, -particularly a substituted catechin
multimer, or a derivative of such a catechin multimer.
Antioxidant stabilizing agents may also be added to induce
ligand bonds among the catechin monomers that make up
the multimeric unit units. Administration is expected to
decrease the formation of plaque on the vascular walls, such
as occurs during atherosclerosis. Adhesion of plaque te the
vascular walls results from activity of various compounds
both aqueous and fipid scluble, cells, and bactera in the
blood. The formulation of the invention minimizes or pre-
vents unhealthy plaque deposits from accumuiating on the
vascular walls. )

In an alternate embodiment, the present invention relates
to therapeutic compositions and the use thercof to provide
targeted delivery of suitable bioactive agents to select sites
in vivo, particularly for the treatment of diseases and dis-
orders associated with localize pathology, such as cancer,
inflammation and infection. Suitable bioactive ageats
include but are hiot limited to anti-thrombotics, cholfesterol
lowering agents, anti-plaque agents, anti-cancer agents,
chemotherapéutics, anti-inflammatory agents, antibiotics,
antimicrobials, wound healing agents, and the like.

At varying concentrations, the therapeutic compositions
of the present invention may be formulated as a pill, capsule,
powder, liquid, lotion, suppository, spray, dietary supple-
ment or the like, so as to reduce adhesion of plaque to the
vascular walls. The particular formulation will determine the
mode of administration and vice versa. Exemplary methods
of administering the therapeutic formulations include, but
are not limited to, oral ingestion, parenteral introduction,
topicat application, and vaginal, rectal, and nasal delivery. In
addition, the therapeutic compositions can be conveniently
formulated in lotions and foodstuffs,

A. Substituted Catechin Multimers
Catechin is a bioflavonoid that is found in green tea, [t has

may be pharmaceutically formulated “neat” or with one or () 8been demonstrated to have both antiviral and antioxidant
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qualities. Not only does it appear to prevent oxidative
damage to the heart, kidney, lungs, and spleen, but prefimi-
nary studies of animals show that catechin prevents oxida-
tive damage to blood as well. See Chen, H. et al., Free Radic
Res (February 1995) 22(2):177-86 and Chen, H. et al., Free
Radic Biol Med (May 1995) 18(5):949-53. The molecular
formula of catechin and a dimer thereof are shown below:

As noted above, the present invention utilizes a multim-
eric form of catechin or a derivative of such multimer. As
used herein, the term “multimer” refers to multivalent or
muttimeric forms of the compounds of interest. A “multi-
mer” may be made by linking multiple copies (two or more)
of a compound (or a derivative thereof) to each other. The
multimer may include linking units disposed between the
compound copies. Suitable linkirg units are known in the art
and can be routinely selected to amrive at the optimum
multivalency and spacing. Useful linking moieties include
those containing a multiplicity of functional groups that can
be reacted with functional groups associated with the parent
compound or its derivative. Such functional groups include,
but are not limited to, halo (e.g., fluoro, chloro, iodo, etc.),
amino, amido, nitro, sulfhydryl, hydroxyl, and alkylamino
groups. These groups are routinely selected to obtain stable
linkages between or among the multiple compound copies.

In the context of the present invéntion, the bonds linking
- the multiple copies of catechin together into a multimeric
form can be transient in nature. In other words, it is
conceivable that the catechin multimer may dissociate into
monomeric units under ceriain conditions yet retain its
multimeric character under other conditions.

In the contéxt of the present invention, the term “mulu-
mer” should be construed to inctude “polymers”, i.e. large
molecules formed by the union of at least five identical
monomers, usually containing many more than five
monomers, and some may contain hundreds or thousands of
monomers in each chain.

The catechin multimer may be a, “substituted catechin-

multimer”, defined herein as a catechin optionally substi-
wted by one or more aucleophilic functional groups or
substituents. Examples of suitable nucleophilic substituents
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include but are not limited to halo (e.g., F, I, Cl, etc.), guano,
amino, amido, nitro, cyano, carbonyl, carboxy, sulfo,
sulfoxy, and aceto groups. The nucleophilic substituent
moities are interspersed throughout the multimer, typically
extending from the hydrocarbon linking units that connect
the catechin monomers to each other.

In one embodiment, the substituted catechin multimer is
an “amidated catechin multimer”. Amidated catechin
multimers, also referred to as an amino-substituted catechin
multimers, arise from the reaction between catechin and
ammonia, an example scheme of which is shown below:

x [catechin}+y [NHyJ{(can) ~MNH)~cat, ]z

wherein x, x', x", y, and z are integers including zero. The
NH moities are interspersed throughout the multimer, typi-
cally extending from the hydrocarbon linking units that
connect the catechin monomers to each other.

As used herein, the terms “effective amount™ and “thera-
peutically effective amount” refer to the quantity of active
therapeutic agent sufficient to yield a desired therapeutic
response without andue adverse side effects such as toxicity,
irritation, or allergic response. The specific “effective .
amount” will, cbviously, vary with factors as the particular
condition being treated, the physical condition of the patient,
the type of animal being treated, the duration of the
treatment, the nature of concurrent therapy (if any), and the
specific formulations employed and the structure of the
compounds or its derivatives,

In the case of treating stenotic vascular disorders, an
amount would be deemed therapeutically effective if it
resulted in one or more of the following: (a) the reduction of
plaque formation of the vascular walls; (b) the reversal of
plaque deposition and degenerative changes in the arterial .
walls; (c) the removal or stabilization of existing vascular
plaques; or {d) the enhancement of cholesterol solubility in
plasma.

In the case of ireating other diseases and disorders, such
as cancer, inflammatory conditions, neurological conditions,
infection, wounds, burns and the like, an amount would be

‘deemed therapeutically effective if it resulted in reduction,

inhibition or elimination of at least one pathological symp-
tom associated with the disease. Optimum effective amounts
can be readily determined by one of ordinary skill in the art
using routine experimentation.

As noted above, the present invention encompasses not
only catechin multimers but derivatives of such multimers. *
As used herein, “derivatives” includes, but are not limited to,
oxidation products, salts, solvates, prodnugs, and metabo-
lites of the parent compound of interest {e.g., catechin
multimers). Preferred derivatives are those which retain the
desirable therapeutic activity of the parent compound. Of
particular utility are those derivatives that maintain the
beneficial characteristics of the parent compound, have a
pleasant flavor, are at least mildly polar, and have a specific *
gravity close to 1.0 so they can be easily used as fortifiers in
liquid beverages.

Exemplary derivatives of catechin include, but are not
limited to, quercetin, dihydroquercetin, dihydroquercetin-3-
acetate, gallocatechin, geraldol, malvidin, rutin and the like.
In the context of the present invention, a catechin multimer
may be comprised~of monomers. units selected from
catechin, catechin derivatives, and combinations thereof.

As used herein, “oxidation products” are those com-
pounds resulting from an oxidation reaction. They may be
partially or fully oxidized. The term “oxidation” is generally
defined as the loss of electrons. Oxidation includes, but is

0 %ot limited to, those reactions where either a hydrogen is
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removed or an electronegative element, such as oxygen,

nitrogen, or halogen, is added. Any reaction that converts a

functional group from a lower oxidation state to a higher one

is considered “oxidation”, This includes a pathway of poly-

merizing compounds where the result is the neutralization of

oxygen’s free radicals via a new compound plus water.
An exemplary oxidation reaction is as follows:

RAXHA{O)HR-X R0

-where R, R, X, X' represent compounds and chemical
composition of R=R'+H and X=X"+H. R"—R and R'--X" are
considered partially oxidized products, multimers of R and/
or X.

The catechin multimers, alone and complexed with bio-
active agents, may take the form of a sait, prodrug or
metabolite. The term “salts” include, but are not limited to,
pharmaceutically acceptable addition salts. The functional
groups on the active compounds of the present invention can
react with any of a number of inorganic or organic bases, or
inorganic and organic acids, to form pharmaceutically
acceptable addition salts. The salt form of a parent com-
pousd is often preferred because it tends to be more soluble
in aqueous or other protoni¢ solveats than are the core-
sponding free-base forms. Exemplary addition salts include,
but are not limited to, chlorides, bromides, iodides, acetates,
sulfates, sulfites, phosphates, oxalates, malonates,
succinates, fumarates, maleates, benzoates, phthalates,
sulfonates, propionates, butyrates, cilrates, palmitic,
lactates, glycollates, and tartrates.

As used herein, the term “solvates” refers to dervative
forms a parent compound comprised of the parent structures
in combination with solvents. Exemplary solvents include,
but ate not limited to, water, isopropanol, ethanol, methanol,
DMSO, ethyl acetate, acetic acid, or ethanolamine.

As used herein, the term “prodrug™ refers to a precursor
of a parent compound that is converted within the body into
the pareat compound itself or an active derivative form
thereof having the prescribed therapeutic activity associated
with the compound. Prodrugs are particularly useful when

the parent.compound is too toxic to administer systemically,

is absorbed poorly by the digestive tract, or is broken down
by endogencus enzymes before it reaches its target.

<As -used herein, the term “metabolite” of a parent com-
pound refersto any product produced by the body’s metabo-
" lism of the parent compound. Both predrugs and metabolites
may be identified using routine technigues known in the art.

Some of the compounds described herein may exist in
numerous isomeric forms. The present invention is not
limited to any single compound depicted or described but
extends to include isomers thereof. For example, the com-
pounds -are not limited to a single structural isomer but
include tautomers thereof. Tautomers are special structural
isomers that are readily interconvertible through rapid
equilibration. Likewise, the compounds are not limited to a
single. optical isomer but include cnaantiomers,
diastereomers, and racemate mixtures thereof. '

B. Bioactive Agents

The catechin multimer, particulacly the substituted: cat-
echin multimer, may be administered alone or in combina-
tion with 2 suitable bioactive agent, preferably an agent
directed against localized pathology. Examples of suitable
bioactive agents contemplated by the present invention
include but are not limited to anti-thrombotics, cholesterol
lowering agents, anti-plaque agents, anti-cancer agents,

5
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antimicrobials, wound healing agents, and the like.
Furthermore, in the context of the present invention, the
bicactive agent may have more than one activity (i.e., fitinto
more than one category). For example. acetylsalycilic acid
(i.e., aspirin) is considered to be both an anti-thrombotic
agent and a genera] anti-inflammatory agent.

To facilitate formation of a complex with catechin, the
bioactive agent should either be naturally nucleophilic and/
or cationic or modified to be so. Although not wishing to be
bound by theory, it is believed that nucleophilic bioactive
agents react directly with catechin to creaie a catechin
multimer; conversely, it is believed that cationic regions of
bicactive reagents react and possibly replace one of the
many carbon-linked protons or hydroxyl groups extending
from the catechin multimer, so as to form a complex with the
catechin multimer. A exemplary scheme is set forth below:

x [eatly [BAl{(cat,~(BA),~car, 1z

wherein cat refers to catechin, BA refers to bioactive agent
(in its native form or as medified to be nucleophilic), and x,
X', X", ¥, and z are integers including zero. The reaction may
be repeated a number of times as described in Example 8. As
a result, the BA moities are interspersed throughout the
multimer, typically extending from the carbon linking units
that connect the catechin monomers to each other. When
administered in vivo, the catechin maltimer targets the polar
proteins residing in the vascular endothelium, cell walls
and/or membranes. The bioactive agent is then released from
the complex and alfowed to provide localized benefit to the
target site. ' '

in one embodiment, the bioactive agent comprises
limonene or a derivative thereof. Limonene [C,oH;q CAS
#5989-27-5] is monocyclic monoterpene occurring in nature
as the main component of citrus peel oil, having 2 charac-
teristic lemon-like fragrance. The molecutar structure of
limonene is shown below:

CHy

CHC”  SCHy

Chemical synonyms of limonene include: 4-isopropenyi-1-
methylcyclohexene, acintene dipentene; cajeputene; cinene;
dipanot; dipentene; kautschin; p-mentha-1,8-diene; dl-1,8
{9)-p-menthadiene; p-menthane; 1-p-mentha-1,8-diene;
nesol; delta-1,8-terpodiene; methyl-4-isopropenyl-1-
eyclohexene; and 1-methyi-4-(I-methylethenyl) cyclohex-
ene. Limonene may comprise from about | wt. % to about
90 wi. %, preferably from about 5 wt.-% to about 65.wt. %,
more preferably from about 5 wt. % to about 55 wt. % of the
total composition.

Limonene is commonly thought-of as a solvent, having a

-KB value of 67. Recent findings suggest that limonene may

inhibit the development of gastric cancers through increased
apoptosis and decreased DNA synthesis (see Uedo et al,,
Cancer Letters (1999) 137:131-136). Limonene and perillyl
alcohol together have been shown to induce apoptosis of
human vascular smooth muscle célls (HVSMCs), an carly
cause of atheroscleresis (see Unlu S et al., J of Cardiovasc
Pharmacol (February 2000¥ 35: 341), Preliminary ex-vitro
trials of the present invention suggest that the introduction of
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limonene to human piasma can increase the rate of solubility
of cholesterol by 24% over a one hour period; moreover,
these same Irials suggest limonene may aid -in plasma
metabolizing excess cholesterol at a minimum rate of 4%
per hour (sec Example 10). Likewise, limonene derivatives
may enhance the. activity of catechin multimers derivatives
as demonstrated in a mean improvement in rabbits trials by
aver 20%. . :

Jn another embodiment, the bioactive agent comprises
flavonoids or polyphenols, agents described in the literature
as “cardiovascular protecting agents” (see U.S. Pat. No.
5,648,377; U.S. Pat. No. 4,707,360; Bohr D., /. Pharmacol,
Exp. Ther. (1949} 97: 243; Haeger K. Zbl,, Phiebol. (1967)
6:526; Allen S., Practioner (1970) 205:221; Gugler R., Ces.
Arch. Exp. Pathol. Pharm. (1972) 247:45; Klurfeld, Exp.
Mol. Path.(1981) 34:62; Lisunetz H., Polyphenols, (1990)
764: Frankel E., Lancer (1 993) 341:454; Kontek A,
Polyphenols (1995) 94; Folts J., Circul (1995} 91: 1182,
Yamakoshi et al. (1999) Atherosclerosis 142(1):135-49).

In a further embodiment, the bioactive agent comprises an
anti-thrombotic agent. Exemplary anti-thrombotics include
but are not limited .to acetylsalicylic acid (e.g., aspirin},
warfarin or coumadin.. 7

In a further embodiment, the bioactive agent comprises a
cholesterol-lowering agent, preferably comprising a car-
boxylic acid. Exemplary carboxylic acid cholesterol-
lowering agents include statins, such as atorvastatin calcivm
{c.g., Lipitor®). Additional examples include Atromid-S™
(clofibrate), Choloxin™ (dextrothyroxine sodium), Lopid™
(gemfibrozil), Nicolar™ (niacin/nicotinic acid) and ciproli-
brate..

In a further embodiment, the bioactive agent comprises an
anti-cancer or chemotherapeutic agent, Exemplary anti-
cancer . agents include but are not limited to limonene,
fluorinated cucurmin, calcium, folic acid, selenium,
difluoromethylornithine, and resveratrol. Exemplary chemo-
therapeutics include but are not limited to fuorouracil (¢.g.,
5-fluorouracil), pactitaxel (sold under the tradename Taxol®
by Bristol-Myers Squibb), cisplatin, cyclophosphamide,
dacarbazine, dactinomycin, mechlorethamirte, streptozocin,
bleomycin, etoposide, methotrexate, chlorambucil,
vincristine, vinblastine, mercaptopurine, and melphalan.

In a fusther embodiment, the bioactive agent comprises an
anti-inflammatory agent. Exemplary suitable anti-
inflammatory bioactive agents useful in the context of the
present invention include but are not limited to steroids, such
as corticosteroids like prednisone and non-steroidal anti-
inflammatory drugs {or NSAIDS), such as indomethacin,
aspirin and ibuprofen . _

~In a further embodiment, the bioactive agent comprises an
antibictic or antimicrobial agent. Exemplary antibiotics
include but are'not limited to beta-lactams such as-penicillin

. and cephalosporin, aminoglycosides-such as streptomycin
and- gentamycin, macrelides such as-erythromycin, tetracy-
clines such as doxycycline, polypeptides- such-polymyxin
and bacitracin, and the like. Additional exemplary antimi-
crobials include, but are aot limited to, saits -of bismuth
fluoride, chloride, sedium, and zinc. - Preferred . examples
include, but are not limited to, sodium hydroxide, bismuth
citrate, bisruth permanganate, bismuth difiuoroketone, zinc
citrate, zinc permanganate, and zinc difiuoroketone.

In a further embodiment, the bioactive agent comprises a
wound healing agent (i.e., an agent that promotes the healing
of wounds and .burns). Exemplary wound healing agents
include but are not limited to growth factors and cytokines
such as platelet derived growth factors (PDGFs); tumor

10

2

30

35

45

50

55

60

65

necrosis factors (TNFs), fibroblast growth factors (FGFs)l 1

10 :
transforming growth factors {TGFs), interleukins, and kera-
tinocyte growth factor-2 (or KGE-2 produced under the
tradename Repifermin® by Human Genome Sciences) as

well as nitric oxide releasing compounds, such as nitric |

oxide NONOates.

C. Pharmaceutical and Nutraceutical Formulations
and Components Thereof

The therapeutic compositions of the present invention
(e.g., the carrier-bioactive agent complex) may be pharma-
centically or nutraceutically formulated to include beneficial
additives such as pharmaceutical carriers, diluents, buffers,
adjuvants, excipients, surfactants and ' stabilizers. The
amousit of additive present may vary, ranging from about 0.1
wt. % 1o about 99 wt. %, preferably from about 5 wt. % to

about 80 wt. %, more preferably from about 10 wt. % to

about 70 wt. % of the total composition.
~ In a preferred émbodiment, the therapeutic compaosition
of the present invention comprises about 15 to about 85 wt.
9, substituted catechin (or a derivative thereof), from about
5 1o about 65 wi. % limonene {or a derivative thereof), and,
if present, about 20 wt. % to about 60 wt. % additional
ingredient {¢.g.. an antioxidant stabilizer).

Although the therapeutic compositions of the present

invention may be formulated “neat” (i.e., without

excipients), an especialty preferred embodiment comprises
gallic acid (or a derivative thereof), limonene {or a deriva-
tive thereof), and lecithin, an excipient that acts as both an
antioxidant stabilizer and a pH buffer. Lecithin and other
phospholipids have been shown to particularly alleviate the
gastrointestinal discomfort associated administration of cer-
tain bioactive agents, such as limonene. ‘
As used herein, a composition or compound is “pharma-
ceutically acceptable” if it is suitable for use with humans

and/or other animals without undue adverse side effects such.

as toxicity, irritation, and allergic response.

As used herein, the term “nutraceutical” refers to nutrition
and food products, usually from natural sources, having
some pharmaceutical benefits.

As used herein, the term “pharmaceutical carrier” refers to
pharmaceutically acceptable solvents, suspending agents,

liposomes and vehicles for delivering the therapeutic agent -

{s) to the animal, particulady a human. The carrier may be
liquid or solid and varies with the selected -administration

route. When the carrier serves as a diluent (i.e;, 2 substance

that dilutes), it may be a solid; semi-solid, or liquid material
acting as a vehicle, excipient, or medium for the active
ingredient(s). — :
- As used herein, the terms “buffer” and “buffering agent”
refer to additives that adjust and maintain the pH valve of a
pharmaceutical solution or iyophilized preparation (i.c., the
pH on reconstitution) within acceptable ranges. The buffer-
ing agents adjust the pH value of the pharmaceutical solu-
tion so that the stability of the-active agent is maintained.
Exemplary buffering agents include, but are not limited: to,
lecithin, -phosphate buffer, Tris buffer and citrate buffer..
As used herein, an “adjuvant™ is a substance that, when
added to a pharmaceutical composition, cither enhances or
improves the therapeutic activity of one or more of the active
agents contained therein or enhances the overall therapeutic
effectiveness of the, composition as a whole. A- preferred
adjuvant for use with the present therapeutic compositions is
lecithin, a compound that cures the negative GI side effects
of certain agents such as limonene as well as certain anti-
cancer and/or chemotherapeutic agents. o
As used herein, the term “pharmaceutical excipient”
refers to any more or less inert, non-toxic substance added

:
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to & pharmaceutical composition in order to confer some
benefit thereto, such as improved physical and/or chemical
stability or improved handling characteristics (e.g., flowabil-
ity and consistency). In other embodiments, the excipient
merely 3erves as a bulking agent, reducing the concentration
of the therapeutic agent in the pharmaceutical composition.
Exemplary pharmaceutical excipients include, but are not
Limited to, proteins, peptides, amino acids, lipids, polymers,
and carbohydrates (e.g., sugars, including monosaccharides,
di-, tri-, tetra-, and oligosaccharides; derivatized sugars such
as alditols, aldonic acids, esterified sugars and the Tike; and
polysaccharides or sugar polymers), which may be present
singly or in combination. :

As used herein, a “surfactant” is an excipient having
surface activity/Exemplary surfactants include, but are not
limited to, Tween 80, Tween 20, Pluronic F-68, polyethylene
glycol, and the like. ’

Antioxidants, when exposed to air or water at room
temperature, tend to be neutralized over time. In plasma,
these neutralized “antioxidants” become “oxidants”.” For

- example, studies have shown that while fresh polyphenols,
such as those found in grapes, can prevent atherosclerosis,
those stored at room temperature for 18 months or more tend
to enhance the causes of atherosclerosis. Thus, a preferred
therapeutic composition will contain the proper stabilizing
-agent(s).

As used herein, a “stabilizer” is an excipient that iraproves

the stability {e.g., the storage stability} of the pharmaceutical -

compoasition, helping to maintain the therapeutic activity of

the active agent(s) disposed therein. Exemplary stabilizers

include, but are not limited to, amino acids, such as glycine,

_ and sugar alcohels, such as mannitol. The stabilizing agent
preferably comprises from about 10 wt. % to about 60% wt,
of the total therapeutic composition,

In a preferred embodiment, the stabilizer is an antioxi-
dant. As used herein, the term “antioxidant” refers to syn-
thetic or natural substances that prevent or delay the oxida-
tive deterioration of a compound. Exemplary antioxidants
include lecithin, gamma oryzanol; ubiquinone
(ubidecarenone) and coenzyme Q; vitamins, such as vita-
mins A, C (ascorbic acid) and E and beta-carotene; natural
components such as carnosol, carnosic acid and rosmanol
found in rosemary and hawthorn extract, proanthocyanidins
such as those found in grapeseed or pine bark extract, and
green tea extracl. ) ) . -

A preferred antioxidant for use with the therapeutic com-
positions of the present invention is lecithin, a.compound
that cures the negative G side effects of limonene.

Homologs, analogs and derivatives of such antioxidants
are also useful. For example, the principle active component
of Vitamin E is tocopherol, particularly o-tocophérol;

_however, any Vitamin E or tocopherol derivative may be
employed. Examples of useful Vitamin E derivatives
include, but are not Limited to, esters, for example, toco-
pherol acetate, tocopherol- linoleate, tocopherol nicotinate,
tocopherol sorbate, or tocopherol succinate; polyethylene
glycal ethers of tocopherol, such as tocophereth-5,
tocophereth-10, tocophereth-12, tocophereth-18 or
tocophereth-50 and. 6-hydroxychroman homoiogues, (such
as are described in U.S. Par Nos. 4,003,919; 4,018,799;
4,026,907 and 3.903317) paricularly 6-hydroxy-2,5,7,8-
tetramethylchroman-2-chroman-2-carboxylic acid, com-
mercially available as Trolox-CT™ (Cort et al., JAOCS 52:
174, 1975} and Troloxyl-amino acids (Taylor et al., JAGCS:
622, 1981). : : :

Examples of useful Vitamin C derivatives include, but are
not limited to, ascorbyl esters of faty acids, such as ascorbyl
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palmitate, ascorbyl dipalmitate, ascorby! dimethylsilanol
palmitate, and ascorbyl stearate; metal or metal phosphate
salts, such as magnesium, sodium, or potassivm ascorbyl
phosphate, or magnesium, sodium or potassium ascorbate.

Ubiquinone is a naturally occurring hydrogen carrier in
the respiratory chain{coenzyme Q); structurally, it is a -
2,3-dimethoxy-5-methyl-1,4-benzoquinone with a multipre-
nyl side chain, the number of isoprene units varying depend-
ing upon the organism. Exemplary ubiquinone derivatives
are described, for example, in WO 8803015.

D. Therapeutic Utilities

As discussed above, the therapeutic compositions of the
present invention are useful as pharimaceuticals (e.g., drugs)
or nutraceuticals (e.g., dietary supplements) for treating a
variety of diseases and disorders, depending upon the bio-
active agent 10 be delivered. )

In one embodiment, the therapeutic compositions find
utility in the treatment of stenotic vascular diseases and
disorders, such as atherosclerosis and coronary artery
disease, in patients in need thereof. While not wishing to be
bound by theory, it is believed that the therapeutic compo-
sitions of the present invention aid in the prevention and
encourage the removal of atherosclerotic plaques by keeping
lipids and phospholipids in a more liquid state but also aids
in unnecessary thrombocytes aggregation and leukocyles
vascular adhesion. The varying concentrations of these
compounds in the blood and their vasodilating tendencies
aid in the natural removal of unwanted deposits on.the
endothelium layer by simple mechanical variation of the
vascular walls via vasodilation and constriction. The chang- -
ing of the threshold of thrombocyte aggregation also aids in
preventing a sudden heart attack. '

In another embodiment, the therapeutic compositions are
useful in the treatment of diseases and disorders associated
with localized pathology, such as cancer, inflammatory
conditions, neurological conditions, infection, wounds,
buras and the like. For example, the therapeatic composi-
tjons may find utility in the treatment of certain cancers,
preventing or inhibiting wmor growth, aggregation, and
progression.

In the context of the present invention, the term “animal”
encompasses both humans and non-humans. The composi-
tions and methods of the present invention are preferably
directed to vertebrate animals, more preferably to mammals

~Aincluding humans).

Likewise, in the context of the present invention, the term .-
“patient” primarily refers to human subjects, although the
formulations of the present invention are also useful in the
treatment of animals other than humans.

The specific dosage amount of each active agent being

" administered to obtain therapeutic or inhibitory effects may
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be determined in a manner known in the art according to the
particular circumstances surrounding the case, inciuding,
e.g. the specific agent being administered, the route of
administration, the condition being treated, and the subject
or host being treated. The total daily dose of a therapeutic
composition, comprising of carrier (a catechin multimer or
a derivative thereof), bioactive agent and optionally an .
additive (e.g., excipignt or stabilizer), administered in single .
or multiple doses, may range from about 10 to 100,600
milligrams per day. The total daily dosage of the camier-
bicactive agent complex may range from about 1.5-8.5 to
about 15,000-85,000 milligrams per day preferably from
about 10 16 20,000 milligrams per day, more preferably from

1 ébout 100 to 10,000 milligrams per day. The total daily -
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dosage of the bioactive agent may range from about 0.5-6.5
to about 5000-80,000 milligrams per day, preferably from
about 500 to 10,000 milligrams per day, more preferably
from about 1600 to 10,000 milligrams per day..

The therapeutic compositions of the present invention
may be administered by any of a variety of suitable routes,
such as orally, parenterally, rectally, topically, transdermally,
subcirtaneously, intravenously, intramuscularly, and intrana-
sally.

The agents are preferably formulated into compositions
suitable for the desired routes before being administered.
The therapeutic compositions may be prepared in any of 2
variety of forms suitable for the desired mode of adminis-
tration. Exemplary forms include, but are not limited to,
tablets, pills, capsules, powders, sprays, lotions, ointments,
liquids, elixirs, suspensions, emulsions, solutions, sprays,
aerosols, suppositories, and the like.

The particular dosage form should be selected to match
the chosen route of administration. For example, if IV
injection is the selected administration route, clearly the

agents of ihe invention should be formulated into aqueous -

solutions, preferably in physiologically compatible buffers
such as Hanks's solution, Ringer's solution, or physiological
saline buffer,

. The following examples illustrate aspects of the invention

but in no way are intended to limit the scope of the present.

invention
EXAMPLES

The therapeutic pharmaceutical or nutritional composi-
tions of the present invention may be formulated in a number
of ways, using a number of art-accepted and routine tech-
niques. Examples 1--3 describe methods of making substi-
wited catechin multimers and catechin multimer complexes.
Examples 4 and 5 describe studies that demonstrate and
support the therapeutic utility of substituted catechin mul-
timers alone in the ireatment of thrombosis and atheroscle-
rosis. Exemplary catechin-bioactive agent complexes and
therapeutic uses thereof are described in Examples 6-10
below.

Example. 1

Substituted catechin multimers have fewer adverse reac-
tions than other more complex compounds of this invention
and find utility in the treatment of many maladies, including
but not limited to, atherosclerosis and mild -anxiety. These
compounds are made according to the following process:

Catechin was purchased from Sigma Chemical Company.
175 mg of catechin was dissolved in 100 pi water. The
resulting slurry was exposed to 1.2 of 100% ammonia gas
(NH,) in a seated vessel for 72 hours at room temperature.
This treatment resulted in a marked. color change in the
catechin (from white to red-brown). At the end of the
incubation period, the product was dissolved in water. Water
and excess ammonia were then removed by lyophilization,
The presence of an amidated catechin multimer was con-
firmed by HPLC. Over 20% of the catechin is convcrted V]
amidated catechin multimers,

These compounds are both potent agents for endothehum
NO-cGMP sxgnalmg known to attenuate atherosclerosis and
platelet aggregation inhibitors on endothelium and in
plasrna. This dual therapeutic benefit attenuates atheroscle-

rosis and thrombosis. Certain of these arrudatcd multimers

are also niild calming agents.
Example 2

Catechm muitimer—bioactive agcnt complexes of the
present invention can be synthesized according to the fol-
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About 340 grams of a catechin, or a derivative thereof, is
added to about 70 grams of a bioactive agent in about 800
ml of water. Varying amounts of additive compounds such as
those described in the above Examples (.., ascorbic acid,
lecithin, tannic acid, sodium hydroxide, bismuth citrate,
bismuth permanganate, bismuth difluorcketone, zinc citrate,
zinc permanganate, and zinc diffuoroketone) may also be
added. About 4 grams of ethoxylated alcohol may be added
if needed. The mixture is then aerated with up to 8 grams of -
0, in an otherwise oxygen deprived vessel at 100° C. under
reflux for up to 280 minutes. The temperature may be raised
up to as much as 150° C. under reflux over 90 minutes, then
cooled gradually. Fractional distillation and precipitation is
started at A25 {see above) and a vacuumn up to 10 psiis
created to aid in chemical separation. Appropriate distiliate
columns are selected and used. The precipitated composition
is then purified. The compositions may be particularly
adjusted to correspond to a particular patient profile so as to
minimize accumulation on and maximize the therapeutic
potential of the composition.

Example 3

Phytochemicals in botanicals have been extracted by CO,
critical phase extraction for over a decade. Ammonia, flue-
rine or other niicleaphilic elements or compounds other than
CO, may be used as the as the elueat. For example, pror to
reaching the triple point; NH; gas can amidate catechin to
increase yield of the desired therapeutic compositions (e.g.,
substituted catechin multimers or catechin multimers com-
plexed with bioactive agents).

These therapeutic compos:uons ‘can then be exn'acted
from NH, below or above its’ triple point. The therapeutic
compositions described in all examples herein can be further
purified via numerous art-accepted methods such as silica
thin layer chromatography using hexane/ethy! acetate (8:2)
as solvent system, dissolved in & halo-carbon solvent and
t-butyl hydroperoxide (1:4). Likewise, the compositions can
be conveniently separated by either column chromatography
or thin layer chromatography or high pressure chromatog-
raphy. Also, some compasitions can-be economically sepa-
rated by CO, critical phase extraction.

Example 4

Human platelet aggregation trials, using PAF and throm-
bin as aggrégating agents, were conducted with gallic acid,
catechin and amidated catechin multimers {made according
to the process of Example 1). The protocol was as follows:

Test compounds {50 uM gallic acid, 100 M catechin and
3 uM amidated catechin multimer) were dissolved in water
and 10 yl of sample was added to I mi aliquots of human
platclets to gwe the final estimated vessel content concen-
tration of 3 pM."! Next, human platelets at a concentration of
1x10~"/mi were preincubated for ten minutes at 37° C. with
either vehicle (contol} of with 3 uM of the amino-catechin
multimer test compound. Then, either platelet activating
factor (5x107'® uM) or thrombin (0.05 mg/ml} were added
and aggregation was monitored over the rext 10 minutes in
a PACKS-4 Platelet Aperegation Chromogenic Kimetic Sys-
tem (Helena Lab., Beaumont, Tex.).

! The molar concentratica of total product was 10 yM. However, HPLC and
mass spectromety data (ool shown) suggest that the acteal molar toncen-
tration of the desired compound, amino-catechin muitimer, was 3 pM. For

molar caleutations, the molecular weight of the amino-catechin was presumed
to be 300 daltons.

Resuits of platelet activating factor (PAF) assay, compar-
ing amino-catechin multimer to control are shown in FIG.

lowing exemplary process or a process analogous thereto: 1 3 LA attached hereto; likewise, results of thrombin assay,
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comparing amino-catechin multimer tocontro! are shown in
FIG. 1B attached hereto. Specifically, the amino-catechin
multimer completely inhibited human platelet aggregation
stimulated by both thrombin and platelet activating factor. In
contrast, no inhibition of platelet aggregation caused by
thrombin and platelet activating factor resuited from treat-
ment with either 100 pM catechin or 50 pM gallic acid.

" Example 5

Experiments were conducted using the amidated catechin
multimers of Example 1 to determine their affect on the
endothelium dependent relaxation of rat aortic rings. The
protocol was as follows:

Male Sprague-Dawley rats (200-250 g) were euthanized
with an-overdose of sodium peatobarbital (100 mg/kg, i.p.)
and bled. The thoracic aorta was excised and cleaned and
rings 34 mm in length were cut, taking care not to disturb

“the endothelium The rings were suspended in tissue baths
containing a physiologic salt solution. The solution was
bubbled continuously with 0,/CO, (95%{5%), and main-
tained at 37° C. Contraction activity was recorded on a Grass
polygraph. After equilibration for at least 1 Ir under 1.5 g of
tension, tissues were contracted submaximally
(approximately 80% of Emax) with 1 pM phenylephrine.
Then, 3 pM acetylcholine, a known EDR-active compound,
was added to the bath to test for intactness of the endothe-
lium. This concentration of acetylcholine is sufficient to
produce maximum endothelium dependent relaxation in
‘intact:rings.
The mean (XSEM} EC., value for phcnyleplmne to
acetyline choline was 0.1410.02 M whereas the ECy, for
. EDR:to acetylcholine was 0.1240.06 pM. The EC,, value
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indicates the sensitivity of aortic rings to the contractile

effects-of the test compound.

Rings were washed with physiological salt solution three
times over the next 45 ‘min. prior to the subsequent testing.
Beginning with a concentration determined in preliminary
experiments to be below the threshold for relaxation, and
increased until a relaxation. of approximately 15% was

achieved (relative to the relaxation induced by 3 uM

acetycholineg), The amidated catechin multimers described
above showed an Ec,, of between one and twio which is very
potent on the EC scale. It is multiple factors greater than the

Ec., value of catechin and gallic acid per se. This elevated

Ec., value is indicative of the promotion of endothelium
NO-cGMP signaling, whlch cortelates to an attenuation of
atherosclerosas
Example 6

A catechin multimer, such as the substituted catechin
multimer described in Example 1, may be mixed with a
bioactive monoterpene, such as limonene, it ‘a molar mtio
ranging form 1:3 to 1:10; The monoterpene reacts with the
catechin multimer to yield a complex wherein the monot-
erpene. is embedded in the multimeric structure of the
catechin multimer. Catechin multimers having a strong
affinity for endothelium and celtuiar proteins deliver monot-
erpenes to.the vascular endothelium to sclubilize excessive
lipids that accumulate thereon. Thus, uniike most “statins™,
which operate. by removing cholestercl from the fiver, and
other oral cholesterol lowering agents which operate by
removing cholesterol from the blood, the monoterpene-
catechin multimeric complex allows for localized therapy,
operating at the site of pathology (i.e., the atherosclerotic
plaque).

Monoterpenes may also be useful in cancer therapy. The
inner mitochondrial membrane potential is an important

35

45

16
aspect of mitochondrial cytochrome ¢ release necessary for
proper apoptosis, a process that is disturbed in malignant
conditions. Though not wishing to be bound by theory,
monoterpenes proper may mediate mitochondrial membrane
potential, which then stimulates the release of cytochrome ¢
and apoptosis in cancer cells.

Example 7

A catechin multimer, such as the amidated catechin mul-
timer described in Example 1, may be mixed with a bioac-
tive anti-hyperlipoproteinenic compound, such as carboxy-
lic acid bioactive agent (e.g., ciprolibrate, statins, etc.). The
pendant nucleophilic units (e.g., carboxylic acids) in some
instances react with the pendant hydroxy! groups of catechin
to yield a carboxylic acid-catechin complex. Catechin mul-
timers have a strong affinity for endothelium proteins. Thus,
carboxylic acids, common components in statins and other
anti-hyperlipoproteinenic agents, are delivered via the cat-
echin multimer to the vascular endothelium. There, they
inhibit adhesion of platelets and macrophages while reduc-
ing lipid vascolar lesions. These bioactive catechin com-
plexes allow for localized therapy, operating at the site of
pathology (i.., the arterial endothelium).

Example 8

Potent delivery of chemotherapy agents to the proper
local is a major components of cancer therapy.
5-Fluorouracil, taxol, flucrinated cucurmin or resveratrol-or
other chemotherapy agents can be attached to catechin
multimers according to the process described in Examgple 2
above. Alternatively, the catechin—agent compiex can be
synthesized according to the following exemplary process or
a process analogous thereto:

Catechin (or a derivative thereof) is mixed with a bioac-
tive agent, such as fluorouracil, in water and slurried in NH;
as described in Example 1. Giucose is optionally added to
the mixture. Mass spectrometry data (not shown) suggests
that ammonia is not incorporated into the complex. Thus,
although not wishing to be bound by theory, it appears that
ammonia acts as 4 catalyst, driving the formation of the
complex between catechin and fluorouracil. The resulting
product is dried and can be used to prevent metastasis of

. cancer cells.

After aggressive chemotherapy, therapeutic compounds
conta;n_mg fluorouracil inthe core of a catechin multimer are

_ gwen in low dosages to promote apoptosis of smali metasta-
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sis cancer cell groups, Generally, «cancer cells consume
much larger amounts; of sugar than non-cancerous cells. -
-Accordingly, the anti-cancer activity of these compounds
may be further augmented by adding additional catechin to
the dry fluprouracil-catechin complex and repeating the
initial ammonia and water reaction, so as to form larger
multimers with Auorouracil deeply embedded therein and to

create outer portions made. of rutin exterior. These catechin

based multimers tend to coat the vascular linings because of
their high affinity to the vascular proteins. Metastasis cancer
cells adjoining the vascular linings tend to-absorb these
sugar-coated compounds at a higher rate than normal cells.
Hence, since catechin have a strong affinity for the vascular
endothelium and ceflular proteins, the use of the catechin- -
multimer carriers can dramatically increase the fiuorouracii -
concentration in cancer versus non cancerous cells. Once
inside the cancer cell, fiuorouracil masquerades as a legiti~
mate nucleic acid building block thereby stopping the pro-
duction of essential nucleic acid polymers. The cancer celis
die. Accordingly, survival rates and patient comfort is
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increased while adverse rcacﬁods arising from the targeting
of normal cells as are decreased,

Example ¢

A catechin multimer—selenium complex may be pre-
pared according to a process analogous to that described in
Example 8 above, wherein fluorouracil is exchanged for 2
selenium compound such as a selenosulfite, selenide,
selanozofurin, or selenous acid. The resulting complex finds
therapeutic utility in the treatment of cancer.

Example 10

Some apolipoproteins, for example A-1, E2, E3, are
beneficial in preventing plaque deposition, which is a critical
mechanism in the development and progression of both
atherosclerosis and Alzheimer's disease. Recent develop-
ments in the art have synthesized shorter peptides/proteins
representing, some bioactive segments of these proteins.
These shorter bioactive peptides/proteins can be complexed
with catechin multimers, such as a substituted catechin
multimer produced according to the process of Example 1,
in a manner analogous to the processes discussed above. The
pendant nucleophilic units of the bioactive peptides react
with the pendant hydroxyl groups of catechin to yield a
complex wherein the bivactive peptide is embedded in the
multimeric structure of the catechin multimer. Catechin
multimers, particularly substituted catechin multimers, have
a strong affinity for endothelium and cellular proteins. The

embedded bioactive peptide is delivered via the catechin

multimer to the vascular endothelium.
The disclosure of each publication, patent or patent appli-

cation mentioned-in this specification is specificalty incor-

porated by reference herein in its entirety,

The invention has been illustrated by reference to specific
examples and preferred embodiments. It should be under-
stood that the invention is intended not to be limited by the
foregoing description, but to be. defined by the appended
claims and their equivalents.

What is claimed: :

1. A method for treating stenotic cardiac and vascular
disorders in animals comprising administering to a subject in
need thereof an effective amount of a therapeutic composi-
tion comprising of a substituted catechin multimer or a
derivative of a substituted catechin multimer.

2. The method of claim 1, wherein said substitiuted
catechin multimer is substituted with a nucleophilic sub-
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7. The method according to claim 6, wherein said
limonene derivatives are selected from the group consisting
of perllyl alcohol, perillic acid, cis-dihydroperillic acid,
trans-dihydroperillic acid, methyl esters of perillic- acid,
methyl esters of dihydroperillic acid, limonene-2-diol,
uroterpenol, and combinations thereof:

8. The method according 10 claim 1, wherein saxd com-
position is -pharmaceutically formulated with an effective
amount of an antioxidant stabilizing agent.

9. The method according to claim I, wherein said com-
position is formulated with an antimicrobial agent selected
from the group consisting of sodium hydroxide, bismuth
citrate, bismuth permanganate, bismuth diffuoroketone, zine
citrate, zinc permanganate, and zinc difluoroketone.

10. A therapeutic composition comprsing a bioactive -
agent complexed with a carrier agent, wherein said bioactive
agent is cationic or nucleophilic and said carrier agent
comprises a catechin multimer.

11, The composition of claim 18, wherein said catechin
multimer comprises a substituted catechin multimer.

12. The composition of claim 11, wherein said substituted
catechin multimer is substituted with a nucleophilic sub-
stituent selected from the group consisting of halo, guano,
amino, amido, nitro, cyano, carbonyl, carboxy, sulfo,
sulfoxy, and aceto groups.

13. The composition of claim 11, wherein szud subsututed
catechin multimer comprises an amidated catechin multi-
mer.

14. The composition of claim 11, wherein said substituted
catechin multimer comprises a fivorinated catechin multi-
Mmer.

15. The composition of claim 10, wherein said bicactive
agent is naturally nucleophilic.

16. The composition of claim 10, wherein smd bloacuve
agent is modified to be nucleophilic.

17. The composition of claim 10, wherein said bioactive
agent is selected from the group consisting of anti-
thrombotics, cholesterol lowering agents, anti-plaque
agents, anti-cancer agents, chemotherapeutics, anti-
inflamnatory agents, antibiotics, antimicrobials, and wound
healing agents. ‘

18. A method for targcung the dehvcry of a bmacuve
agent to select cellular or tissue tarpets comprising admin-

. istering to a patient in need thereof the therapeutic compo-
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sition of claim 10. :
19. A method for tre:mng a disease or disorder associated .

" with localized pathology comprising administering to a

stituent selected flom the group consisting of halo, guane,-

amino, amido, nitro, cyano, carbonyl, carboxy, sulfo,
suifoxy, and aceto groups:

"3. The ‘method of claim 1, whercm said substituted
catechiin multimer’ compnses an amidated catechin multi-
mer..

4. The method ol" claim 1, wherein said subsututed
catechin multimer comprises a fluorinated catechin multi-
mer. .

. 5. The mcrhod according to claim 1, wherein sa:d conm-
position further comprises an effective amount of cholesterol
lowering agent.

6. A method accordmg to claim 1, wherein said compo-
sition further comprises an effective amount of hmonene or
a derivative thereof. :
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patient in need thereof the therapeutic co’mposition of claim
10.

20. The method of claim 19, wherein said disease or
disorder is selected from the group consisting of cardiac and
vascular stenoses, cancer, inflammatory conditions, neuro-
logical condmons, infections, wounds, and bums.

21. A method for treating stenotic cardiac and vascular
disorders in animals comprising administering to a subject in-
need thereof an effective amount of a therapeutic composi-
tion comprising ‘of a substituted catechin multimer or a-
derivative. thereof, wherein said substituted catechin multi-
mer is substituted with a aucleophilic substituent selected
from the group consisting of guano, dmino, amido, nitro,

. cyano, carbonyl, carboxy, sulfo, sulfoxy, and acete groups.
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