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FiG. 3: 1GF-1 Gene Expression (Kuromanin)
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FIG. 5: IGF-1 Production in Chondrocytes (Kuromanin)
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FIG. 7. IGF-1 Production in Explants (Kuromanin}
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FIG. 9
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FIG. 11

Bovine Explants (N=6)

1.8 4

1.4 -
1.2
1.0
0.8
086

Mormalized Uni

0.4
0.2

Control f No -1 -1 Bngfml. -1 Bngiml

Mo iL-1 No Cyanidin§ 500uM Cyanidin No Cyanidin 500uM Cyanidin

FIG. 12

Bovine Explants (N=6)

High G (4.5g/L)
®mLowG(1gl)

Mormalized Uni

L-1 Bng/mb L1 Bogfml No iL-1 No -1

500uM Cyanidin No Cyanidin 500uM Cyanidin No Cyanidin



U.S. Patent Sep. 11, 2012 Sheet 7 of 17 US 8,263,069 B2

FIG. 13

Human OA Grade Il Explants (N=6)
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FIG. 15: Effect of Glucose Concentration on IGF Gene Expression
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FIG 19a

358 incorporation over 6 hours following treatment with

anthocyanin and lIL-1alpha
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FIG 19¢

358 incorporation over 24 hours following treatment with
anthocyanin and IL-1alpha
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FIG. 23
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FIG. 27

Relative-fold IGF-1 Gene Expression vs
Low and High Glucose Levels

FIG. 28

Relative-fold IGF-1 Gene Expression Compared to
Low Glucose Alone
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1
COMPOSITIONS INCLUDING
ANTHOCYANIN OR ANTHOCYANIDIN FOR
THE PREVENTION OR TREATMENT OF
ARTICULAR CARTILAGE-ASSOCIATED
CONDITIONS

CROSS REFERENCE TO RELATED
APPLICATIONS

This invention claims benefit of priority to U.S. patent
application Ser. No. 61/142,070, filed on Dec. 31, 2008; the
contents of which are herein incorporated by reference in
their entirety.

TECHNICAL FIELD

The present invention relates generally to methods and
compositions for the treatment cartilage associated disorders
in a subject by administering a composition which provides
chondronutritive, chondroprotective, chondroreparative and
chondrorestorative activity and more specifically to methods
and compositions including the administration of an antho-
cyanin or an anthocyanidin combined with a saccharide for
the prevention or treatment of articular cartilage loss in a
subject.

BACKGROUND OF THE INVENTION

Osteoarthritis (OA) affects nearly 27 million Americans
and poses significant costs on both the patient’s health and
finances. For instance, researchers found that in a study of
84,647 adult women and 70,590 adult men with health insur-
ance, due to a higher rate of OA women had higher annual
insurer health care costs than men ($4,833 vs. $4,036) and
higher out-of-pocket expenditures ($1,379 vs. $694) and thus
accounted for $118 billion ofthe total $186 billion increase in
health care expenditures. Kotlarz et al., Arthritis Rheum.
2009; 60(12):3546-3553.

Causes of OA vary, but include aging joints, genetic pre-
disposition, previous injuries, and obesity. Symptoms of OA
include joint pain, swelling, stiftness, loss of motion, dimi-
nution of activities of daily living, disability and loss of work.
For example, patients with knee OA report knee pain and
difficulty with walking, stair-climbing and housekeeping.
Guccione et al., American Journal of Public Health, 1994,
84:351-358. Osteoarthritis may affect any joint, including the
hand, wrist, neck, back, knee, and hip. The knee is the most
common lower limb site for OA, with the disease affecting the
tibiofemoral and patellofemoral joints either in isolation or
combination, with the medial tibiofemoral compartment as
the most commonly affected. Ledingham et al., Annals of
Rheumatic Disease 1993; 52:520-526.

The microscopic changes of OA typically begin with a
disruption of the surface layer of cartilage, called the super-
ficial zone. Functionally, of the four layers of cartilage present
in joints, this is the most important. In non-diseased joints the
cartilage surface is smooth, enabling joint surfaces to interact
without friction, due in part to the molecule lubricin. How-
ever, the cartilage of the superficial zone begins to deteriorate
as OA progresses triggering an irreversible process that even-
tually leads to the loss of underlying layers of cartilage. The
integrity of the cartilage breaks down resulting in fragments
of' cartilage being dispersed in the joint causing reaction of the
joint lining, inflammation and the symptoms of pain and
swelling. Over time, exposed bone surfaces begin to grind
painfully against one another. In addition there are architec-
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2

tural changes in the geometry of the adjacent bone resulting in
deformity, instability, angulation and loss of motion.

Conventional thought is that articular cartilage in synovial
joints has little or no potential for repair or restoration fol-
lowing injury or disease. Buckwalter J A, Mankin H J.
Instructional Course Lectures, The American Academy of
Orthopaedic Surgeons (AAOS)—Articular Cartilage. Part I1:
Degeneration and Osteoarthrosis, Repair, Regeneration, and
Transplantation. J. Bone Joint Surg. Am., April 1997; 79:
612-32. The primary reason is that, unlike other tissues, it has
no innate blood supply. Instead, it is a relative acellular tissue
formed primarily of a matrix of water held in place with a
network of mucopolysaccharides, which themselves are glu-
cosamines made up in part of glucose molecules.

Management strategies for OA can be regarded as primary
(reducing risk factors to lessen disease incidence); secondary
(intervening to slow or prevent progression to serious dis-
ease); or tertiary (treating pain and disability). Dieppe et al.,
Rheum. Dis. Clin. N. Am. 2003; 29(4):687-716. To date, most
knee OA research has focused on tertiary strategies relating to
pain management. Among these strategies, the primary
emphasis has been on drug therapies, which typically include
unwanted side effects and can be costly. Dieppe et al., BMJ
2004; 329(7471):867-868.

Non-operative treatment depends on the joint but often
includes medication and exercise. For instance, OA patients
are often treated with nonsteroidal anti-inflammatory drugs
(NSA/Ds) such as MOTRIN and CELEBREX. Alternatively,
patients may be treated with the steroid hormone Cortisone,
often by injection, which reduces inflammation by suppress-
ing the immune system.

Viscosupplementation with hyaluronic acid (HA) is gain-
ing popularity in the nonoperative management of OA. HA is
believed by some to have anti-inflammatory, anabolic and
chondroprotective actions thereby reducing pain and improv-
ing patient function. Strauss et al., American Journal of Sports
Medicine, 2009 August; 37(8):1636-1644. However, others
report that within hours of intra-articular administration asep-
tic acute arthritis develops, which may be caused by pro-
inflammatory HA degradation products. Bernardeau et al.,
Ann Rheum Dis 2001; 60:518-20. A French study considered
that a single HA injection may not have much effect on the
knee because it may be rapidly cleared from the synovial fluid
compartment. Thus, the research regarding the use of HA
appears inconsistent; however, while HA may eventually
prove to be useful, intra-articular injection of exogenous HA
still remains a significant concern. For completeness, the
AAOS 2008 guideline publication on non arthroplasty treat-
ment did not recommended for or against the intra-articular
administration of HA.

Administration of chondroitin sulfate is also considered a
potential candidate for treatment. Chondroitin sulfate is a
sulfated glycosaminoglycan (GAG) composed of alternating
sugars of N-acetyl galactosamine and glucuronic acid. Itis an
important structural component of cartilage and provides
much of its resistance to compression. Baeurle et al, Polymer
2009; 50:1805-13. The AAOS 2008 guideline publication did
not recommend the use of chondroitin sulfate. The AHRQ
report stated that “the best available evidence found that
glucosamine hydrochloride, chondroitin sulfate, or their
combination did not have any clinical benefit in patients with
primary OA of the knee.”

As the name implies, alternative medicine provides alter-
natives to conventional medical treatment or management of
OA. It has been said that “[w]hat most sets alternative medi-
cine apart, in our view, is that it has not been scientifically
tested and its advocates largely deny the need for such test-
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ing.” Kassirer, New England Journal of Medicine 1998 Sep-
tember; 339(12)839-41. Since many therapies lack scientific
studies, typically the AAOS does not recommend for or
against such treatments.

Among the alternative medicine approaches, one of par-
ticular interest is the use of “nutraceuticals.” Nutraceutical, a
term combining the words “nutrition” and “pharmaceutical,”
was originally defined by Dr. Stephen L. DeFelice to describe
anutritional product that claims to provide medicinal benefits
in addition to their regular nutritional value. Nutraceuticals is
a broad term, which can refer to foods, dietary supplements,
medical foods, and functional foods that may provide preven-
tion and treatment of illness or disease. Importantly, nutra-
ceutical foods are not subject to the same testing and regula-
tions as pharmaceutical drugs. However, nutraceuticals have
become increasingly mainstream and can be considered a
dietary approach or nutritional approach since the extracts or
foods are typically orally ingested.

Nutraceuticals for most part are extracts of botanicals.
They are mixture of various materials, some known and other
unknown. Thus the knowledge of their metabolism is often
unknown. They are described as belonging to various chemi-
cal groups which in order of progression from general to
specific are as follows with each successive being a sub
group. In fact, the absence of testing and scientific standards
tend to confuse consumers and the scientific community as to
what the mixtures actually are, their activity and biological
effect.

Among the common nutraceuticals are antioxidants. In
particular Vitamin C and E. The pharmacophore of vitamin C
is ascorbate ion and is required for a range of essential meta-
bolic reactions in animals. Ascorbate ion protects the body
against oxidative stress and is cofactor in several vial enzy-
matic reactions. Vitamin E is a fat-soluble antioxidant that
stops the production of reactive oxygen species formed when
fat undergoes oxidation. NIH Vitamin E Fact Sheet, 2009
May. Each are recommended for a wide variety of medical
conditions even without scientific basis.

In recent years the poly phenols have been popularized
including anthocyanins/anthocyanidins. Attention has been
drawn to their potential to benefit articular cartilage nutrition.
Experiments with direct application of such products to
articular cartilage and cells have shown they enhance the
growth hormone production within the cartilage and have an
antioxidant effect. One such report was that of Miller et al.
Progrado, which is an extract enriched for long chain proan-
thocyanin oligomers, was reported to have a promising safety
profile, significant chondroprotective and antioxidant
actions, directly inhibit MMP activity and promote the pro-
duction of cartilage repair factor, IGF-1, in explants and cell
culture which suggested it may offer therapeutic benefits in
joint health, wound healing and inflammation. Miller et al.,
Journal of Inflammation, 2007; 4:16. However, Miller
acknowledges that repair and cartilage growth was not mea-
sured. Thus, while promising in vitro, the results did not
transfer to desired activity in vivo. Closer inspection of Mill-
er’s report reveals there is little characterization of the ingre-
dients. That is, the extracts are not synthesized, pharmaceu-
tically pure or well characterized ingredients, but instead
includes a collection of unknowns suspected of including
oligomers referred to as proanthocyanins. That is, it appears
the compounds in Miller are considered to be oligomeric
chains or long polymer chains; however, the chains them-
selves are not well defined. Consistent with unknown extracts
or elixers, Progrado is provided as a nutraceutical and is thus
exempt from characterization necessary to understand rel-
evant structures or ingredients. This is consistent with its
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labeling as a dietary or nutritional supplement, which further
confuses the matter. Accordingly, it is not in fact clear what
the active ingredients may be in Progrado, if any. That is,
while Miller provides an extract believed to be enriched in
proanthocyanin oligomers, the ingredients themselves,
including the “oligomers” remain to be characterized. None-
theless, it is an object of Miller to provide extracts for oral
ingestion to deliver dietary or nutritional supplemental ingre-
dients to their intended target.

In fact, the assumption that the oral intake of food or
extracts of food would reach the articular cartilage in the
synovial joint has not be supported by any evidence. The
marketing of nutraceuticals is not under FDA control and
therefore may make claims accompanied by “disclaimers” of
the benefits to articular cartilage. The evidence from the nutri-
tion literature would indicate the likelihood of ingested food
or extracts reaching the synovial joint is remote. That is, the
lack of desired in viva activity in the Miller et al. experiment
appears consistent with the literature regarding the metabo-
lism of flavonoids in the body. In 2007 it was found that inside
the body, flavonoids themselves are of little or no direct
antioxidant value. Lotito et al., Free Radic. Biol. Med. 41(12)
1727-46. Body conditions proved to be unlike controlled test
tube conditions, and the flavonoids were found to be poorly
adsorbed (less than 5%), with most of what is absorbed being
quickly metabolized and excreted. It’s been theorized that
increase in antioxidant capacity of blood seen after consump-
tion of flavonoid-rich foods is not caused directly by the
flavonoids themselves, but due to increased uric acid levels
that result from expelling flavonoids from the body. Frei,
EurekAlert! 2007 March, news release by Oregon State Uni-
versity. According to Frei, large doses of dietary supplements
might do no additional good over a relatively modest intake
since the body sees them as foreign compounds and modifies
them for rapid excretion in the urine and bile. Based on Frei’s
findings flavonoids appeared to have 3-5 times more antioxi-
dant capacity than vitamins C or E but since flavonoids were
poorly absorbed in the body (less than about 5%) vitamin C
accumulated more in cells where it is 1,000 to 3,000 times
more active as an antioxidant.

The lack of in viva activity in the Miller et al. study is also
consistent with the half life of flavonoids. For instance, the
anthocyanin cyanidin-3-glycoside has a half life of about
90-120 minutes. This may be due in part to the surrounding
acidic pH, which is substantially different than the approxi-
mate neutral pH of the bloodstream. As such, these com-
pounds would not be predicted to cross biological barriers to
affect the cartilage. Thus, considerations of flavonoids for
potential treatments, must account for their in viva challenges
from oral ingestion to end target tissue.

By way of contrast, a pharmaceutical is a well defined
substance. It is usually a single molecule, occasionally a
compound. Most often not oligomeric chains. They are
closely regulated by the FDA. The foundation for their effi-
cacy and safety are a necessity. Their use in clinical practice
require more rigorous testing prior to market approval as with
various phases of clinical trials. Pharmaceuticals are admin-
istered by gastrointestinal route and/or bodily injection. After
FDA approval, the process of oversight continues. This is in
stark contrast to the less demanding foundation or process for
marketing a nutraceutical.

Therefore if in fact these polyphenols are a benefit to the
articular cartilage there is a need to consider the efficacy and
safety of the direct application by injection. There is a need
for such a novel method and specific substances that are nota
food extract of a mixture of molecules known and often
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unknown, but molecules or compounds of pharmacological
composition and purity to achieve a therapeutic benefit to
articular cartilage.

Glucose is a building block of many tissues including
cartilage, where the main product produced by the cartilage
cell is mucopolysaccharides, which form a network of matri-
ces that hold a high percentage of water. Thus, some believe
glucose itself may be a potential candidate for the treatment of
arthritic conditions. For instance, dextrose injections in the
knee and base of the thumb showed repair and clinical
improvement from osteoarthritis. Reeves et al, Alt Ther Hlth
Med 2000; 6(2):37-46. Afterwards, a three year consecutive
patient study of 10%-25% dextrose injection in patients with
ACL laxity, 87% of whom had osteoarthritis had improved
tightening of the ACL. and decreasing symptoms of osteoar-
thritis. Reeves et al., Alt Ther HIt Med 2003 May-June; 9(3)
58-62. Tissue regeneration in articular cartilage in rabbit has
also been shown with 10% dextrose by injection. Kim et al.,
J Korean Acad Rehabil Med 2006 April; 30(2):173-178.
Though studied alone, it has also been proposed to use a
combined therapy with glucose. However, when coupled with
amino acids, injection of 10% dextrose showed no measur-
able improvement compared to 10% dextrose alone. Park et
al., Arthritis Research and Therapy, 2007; 9(1):RS8.

Glucose is an attractive candidate since it is ever present in
all body tissues as well as synovial joints, including the syn-
ovium, the synovial fluid and cartilage; however, glucose
levels in the synovial fluid are less than those in the blood. It
may be that increasing glucose concentration stimulates
human osteoarthritic synovium to make hyaluronic acid
(HA). The addition of 5 mM glucosamine increased HA
production approximately 2-fold in osteoarthritic synovium
explants but 0.5 mM glucosamine did not. Uitterlinden et al.,
BMC Muscoskeletal Disorders 2008:9:120. Thus, it appears
physiologic levels of glucose may be insufficient for stimu-
lating HA production.

Further, although glucose has been shown to provide an
anabolic effect on cartilage it does not have a chondroprotec-
tive effect. That is, while cartilage can be formed, its forma-
tion merely mitigates its loss.

Insulin-like growth factor-1 (IGF-1) is also considered to
be a potentially viable treatment for cartilage conditions. It
has been known for years that IGF-1 is chondroreparative.
IGF-1 is believed to play a key role in cartilage homeostasis,
balancing proteoglycan synthesis and breakdown. Schmidt et
al., Osteoarthritis Cartilage, 2006 May; 14(5):403-12. The
action of IGF-1 on chondrocytes is mediated through the
IGF-1 receptor. Taylor et al., FEBS Lett. 1988; 236:33-8.
Composites of chondrocytes and polymerized fibrin were
supplemented with IGF-1 during arthroscopic repair of full-
thickness defects in horses and were shown to improve the
repair capabilities of chondrocyte-fibrin grafts. Fortier et al.,
J Bone and Joint Surg 2002 March; 84-B(2)276-288.
Although IGF-1 is naturally present in the synovium (see
Keyszer et al., J. Rheumatol. 1995 February; 22(2)271-81),
the total IGF-1 in normal human synovial fluid is an order of
magnitude lower than that in the serum. Schneiderman et al.,
Arch Biochem Biophys 1995 December; 324(1):173-88.
However, IGF-1 has been shown to be elevated in the synovial
fluid of patients with osteoarthritis, in contrast to decreased
levels of IGF-II and neutral levels of IGFBP-3. Matsumoto et
al., Journal of Clinical Endocrinology and Metabolism 1996;
81:150-5. Increased IGF-1 production by human osteoar-
thritic chondrocytes is not dependent on growth hormone
action. Dore et al., Arthritis and Rheutism, 1995; 38(3):413-
419. Thus, effective stimulation of IGF-1 may require addi-
tional experimentation.
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While IGF-1 is believed to increase cartilage production,
exogenous administration of IGF-1 as well as human growth
hormone (HGH) posses risks to patient health. Although
IGF-1 is believed to enhance proliferation of cells and thus
may also enhance proliferation of chondrocytes, it is believed
to do so by inhibiting apoptosis, which includes apoptosis of
cancer cells. Smith et al., British Medical Journal, 2000;
321:847-48. In fact, many studies have implicated IGF-1 in
carcinogenesis. See Grmberg et al., J Cell Physiol 200 April;
183(1):1-9.

Insulin is known to bind to the IGF-1 receptor and to illicit
significant responses in cartilage. Kellneret al., ] Drug Target,
201; 9(6):439-8. Thus, insulin may also be a promising
approach for cartilage healing. Administration of a slow
release formulation of insulin was provide to cartilaginous
explants, which resulted in the stimulation of proteoglycan
(PG) synthesis, inhibition of PG release and nitric oxide
production and overcame detrimental effects of interleukin
1(IL-1). Cai et al., Osteoarthritis Cartilage, 2002 September;
10(9):692-706. At one time it was believed that only the islet
cells of the pancreas would produce insulin; however, many
other cells are known to produce insulin under certain condi-
tions. Adult stem cells from the intestine have been converted
into insulin-producing beta cells in the pancreas of diabetic
mice. Suzuki, PNAS 10.1073/pnas.0936260100. Stem cells
extracted from the spleen can change into insulin-producing
pancreatic islet cells. Fasutman et al, Science 2003 Novem-
ber; 302; 1123-1127. Bone marrow stem cells transplanted
into the pancreas can morph into insulin-producing beta cells.
Mehbood et al., Journal of Clin. Investig. 2003 March; 111
(6). Adult hepatic progenitor cells can be induced into insulin-
producing cells. Nagata et al., Biochem. Byophys. Res. Com-
mun. 318:625-630. Thus, the production of insulin may be
approached using a variety of cell types found throughout the
body given the proper environment.

Joint replacement is the only established treatment for
end-stage OA. In the case of the knee, the cost for such an
operation is high—an estimated $35,000 for those without
health insurance and the operation also typically entails a 3-7
day hospital stay. During the surgery the doctor assesses the
condition of the joint surfaces, removes damaged bone and
cartilage, and implants new joint surfaces made of plastic and
metal. These new joint surfaces are not permanent, and will
likely need to be replaced after 10 to 15 years. Alternative
surgical procedures can include debridement procedures,
which include arthroscopic procedures for mechanical prob-
lems and loose bodies; and osteotomy, which is a procedure to
alter the forces across the joint.

While conventional thought is that articular cartilage has
no potential for repair, studies are currently underway to
explore the use of the synovium, which is the soft tissue that
lines the non-cartilaginous surfaces. The synovium is
believed to have regenerative capabilities. The surgical
removal of the synovium of laboratory rabbits resulted in
regeneration of the synovium to prior status in 6 weeks. Key
etal, ] Bone Joint Surg Am 1925; 7:793-813. The same is true
humans. Ostergaard et al., Ann Rheum Dis 2001; 60:233-236.

One such proposed treatment involves the use of synovium
explants. U.S. Pat. No. 7,575,743 by Hunziker proposes using
an excised sheet of synovial membrane as an explant for the
treatment of a shallow cartilage defect. More specifically,
synovial cells are harvested from the synovial membrane,
cultured, then used to fill a cartilage defect together with a
transforming factor. The theory behind this procedure is that
synovium adjacent to the articular cartilage reflection will
migrate and heal cartilage lesions in the immediate proximity
of' the reflection, but not those remote to the intact synovium.
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Hunziker et al., ] Bone Surg [Am] 1996; 78-A; 721-733.
Thus, use of synovium tissue treated in this manner may
prove useful.

In a more elegant procedure, US patent publication 2006/
0051327 by Johnson proposes a treatment including the
removal of synovial villi from the synovial capsule and its use
as an explant. The synovial villi are the finger-like projections
that exist in some instances of joint injury and/or disease.
These villi are known to house red blood cells, white blood
cells as well as plasma with circulating electrolytes, growth
hormones, and circulating insulin. In addition the synovial
villi have increased number of synovial cells in depth and
extended surface area. There are also mesenchymal stem cells
(MSC). As such, stem cells and other beneficial components
found within the villi, if transferred, would assist in repair
while portions of the synovium, which remain, are permitted
to rebuild the synovial membrane at the site of harvest in
furtherance of Key et al. In addition, there are primary repair
cells, fibroblasts and angioblasts, which may also contribute
to repair of cartilage.

Although synovium explants have been demonstrated to
heal damaged cartilage, the methods still require surgical
processes, which can be expensive and provide additional
health risks. Accordingly, there remains a need to develop
compositions that stimulate or enhance the production of
articular cartilage and that reduce or eliminate the need for
surgical intervention or that increase the rate of healing from
surgery.

Thus, while numerous approaches for the treatment of OA
conditions have been proposed, there remains a need to pro-
vide improved therapies that address the biological activity of
the molecule as well as the potential innate barriers the body
possesses against delivery to the affected joint.

SUMMARY OF THE INVENTION

The present invention addresses the need to develop com-
positions and methods for the repair or regeneration of carti-
lage. Specifically, the present invention provides methods and
compositions that stimulate or induce cartilage repair or
regeneration while protecting against cell death or degrada-
tion of cartilage. Further, the invention provides methods and
formulation that deliver chondronutritive and chondrorestor-
ative activities to the affected joint. Still further, the methods
and compositions address the challenges faced with delivery
of the desired composition to the affected joint or region.
Thus, the present invention provides a compositions and
methods may be used to treat a variety of cartilage disorders
or cartilage-associated medical conditions.

In one aspect of the present invention, a pharmaceutical
composition for repair or regeneration of cartilage is pro-
vided, including a) an anthocyanin or anthocyanidin; b) glu-
cose; and ¢) apharmaceutically acceptable carrier. Among the
anthocyanins include cyanidin-3-glucosidase or delphinidin-
3-glucosidase, cyanidin-3-galactosidase, and pelargonidin-
3-galactosidase. Among the anthocyanidins include cyanidin,
delphinidin, pelargonidin, malvidin and petunidin. In some
embodiments the anthocyanidin is provided less than 200 uM
and in other embodiments about 100 uM. In some embodi-
ments, glucose is provided in about 0.5% to about 10%.

In another aspect of the present invention a method of
treating an arthritic joint of a subject is provided, which
includes administering the pharmaceutical composition by
injection into the arthritic joint. In some embodiments, the
composition is provided in a biodegradable microsphere or a
slow release bioadsorbable material, such as 50/50 D, L lac-
tide/glycolide or 85/15 D, L lactide/glycolide.
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In another aspect of the present invention a method of
treating an arthritic joint in a subject is provided, which
includes excising synovial villi from a synovial capsule of a
joint; culturing the synovial villi with a composition compris-
ing an anthocyanin or anthocyanidin and optionally glucose;
and introducing the cultured synovial villi to the arthritic
joint. The synovial villi may be excised by selective excision
of finger-like projections from an underlying synovial cap-
sule.

In a related aspect, the method includes excising synovial
villi from a synovial capsule of a joint to provide an explant;
introducing the explant to the arthritic joint; and administer-
ing a composition intra-articularly to the arthritic joint,
wherein the composition comprises anthocyanin or anthocya-
nidin, and optionally glucose.

In another aspect of the present invention a method of
treating an arthritic joint is provided, which includes harvest-
ing mesenchymal stem cells from the synovium; culturing the
stem cells with a composition comprising an anthocyanin or
anthocyanidin; and optionally glucose; and introducing the
cultured stem cells to the arthritic joint.

In another aspect of the present invention a method for
increasing expression of IGF-1 in a cartilage explant is pro-
vided, which includes providing a cartilage explant from a
patient suffering from osteoarthritis and administering to the
explant a composition including an anthocyanin or anthocya-
nidin and glucose. The explant may be introduced into the site
suffering from osteoarthritis.

In another aspect of the present invention a method of
saturating insulin growth factor binding protein (IGFBP) in
an arthritic joint is provided, which includes intra-articularly
administering to the arthritic joint a composition that stimu-
lates production of IGF-1 in the joint in an amount sufficient
to saturate the IGFBP, wherein the composition is an antho-
cyanin or anthocyanidin, and optionally glucose. The IGF-1
may be produced by the synovium in the joint and may be
produced by increasing IGF-1 gene expression.

In another aspect of the present invention a method for
treating damaged cartilage, is provided, which includes
administering a composition which comprises a monosac-
charide covalently linked to a non-toxic base molecule to the
cartilage, wherein the compound stimulates regeneration of
the damaged cartilage. The composition may be an anthocya-
nin or anthocyanidin and may stimulate IGF-1 in the joint to
regenerate the damaged cartilage. The composition may be
administered with IGF-1, insulin or a mixture thereof. The
composition may be provided in microspheres of slow release
bioadsorbable material, such as 50/50 D, L. lactide/glycolide
or 85/15 D, L lactide/glycolide.

In another aspect of the present invention a method of
treating damaged cartilage in an affected joint is provided,
which includes stimulating the production of IGF-1 by the
synovium or synovial cells through the intra-articular admin-
istration of a composition, wherein the composition also pre-
vents the degradation of cartilage, such as through anti-oxi-
dant properties. The composition may include an anthocyanin
or an anthocyanidin and glucose.

In another aspect of the present invention, a method of
modulating the production of IGF-1 inthe synovium of a joint
suffering from a cartilage-associated disorder is provided,
which includes the intra-articular or juxta-articular adminis-
tration of an anthocyanin or anthocyanidin and glucose.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts a chart summarizing GAG release data
measured from human explant cultures as described in
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Example 1 for kuromanin. Sample 1 provides the control.
Sample 2 was treated with I[-1 alone, which induces degra-
dation of cartilage. Sample 3 was treated with I1.-1 and kuro-
manin (KuCl) at 5 ug/mL. Sample 4 was treated with IL.-1 and
KuCl at 50 ug/mL. Sample 5 was treated with KuCl at 50
ug/mL. In summary, KuCl blocked IL-1 induced GAG
release.

FIG. 2 depicts a chart summarizing GAG release data
measured from human explant cultures as described in
Example 1 for cyanidin. Sample 1 provides the control.
Sample 2 was treated with IL-1 alone. Sample 3 was treated
with IL-1 and cyanidin (CCl) at 5 ug/ml.. Sample 4 was
treated with IL-1 and CCl at 50 ug/mL. Sample 5 was treated
with CClat 50 ug/mL. In summary, CClblocked IL-1 induced
GAG release.

FIG. 3 depicts a chart summarizing IGF-1 gene expression
data measured from human explant cultures as described in
Example 1 for kuromanin. Sample 1 provides the control.
Sample 2 was treated with IL-1 alone. Sample 3 was treated
with IL-1 and KuCl at 5 ug/mL. Sample 4 was treated with
1L-1 and KuCl at 50 ug/mL. Sample 5 was treated with KuCl
at 50 ug/mL. In summary, IGF-1 gene expression was greater
compared to IL.-1 alone when treated with kuromanin at high
dose.

FIG. 4 depicts a chart summarizing IGF-1 gene expression
data measured from human explant cultures as described in
Example 1 for cyanidin. Sample 1 provides the control.
Sample 2 was treated with IL-1 alone, Sample 3 was treated
with IL-1 and CCl at Sug/mL. Sample 4 was treated with IL.-1
and CCl at 50 ug/mL. Sample 5 was treated with CCl at 50
ug/mL. In summary, gene expression was greater compared
to IL-1 alone when treated with cyanidin alone or in combi-
nation with IL-1.

FIG. 5 depicts a chart summarizing IGF-1 production data
measured from human chondrocytes in culture as described
in Example 1 for kuromanin. Sample 1 provides the control.
Sample 2 was treated with IL-1 alone. Sample 3 was treated
with IL-1 and KuCl at 5 ug/mL. Sample 4 was treated with
1L-1 and KuCl at 50 ug/mL. Sample 5 was treated with KuCl
at 50 ug/mL. In summary, IGF-1 production was greater than
IL-1 alone when treated with kuromanin at high levels and at
low levels in combination with IL-1.

FIG. 6 depicts a chart summarizing IGF-1 production data
measured from human chondrocytes in culture as described
in Example 1 for cyanidin. Sample 1 provides the control.
Sample 2 was treated with IL-1 alone. Sample 3 was treated
with IL-1 and CCl at Sug/mL. Sample 4 was treated with IL.-1
and CCl at 50 ug/mL. Sample 5 was treated with CCl at 50
ug/mL. In summary, IGF-1 production was greater than 11.-1
alone when treated with cyanidin alone at high levels and at
low levels in combination with IL-1.

FIG. 7 depicts a chart summarizing IGF-1 production data
measured from human cartilage explants as described in
Example 1 for kuromanin. Sample 1 provides the control.
Sample 2 was treated with IL-1 alone. Sample 3 was treated
with IL-1 and KuCl at 5 ug/mL. Sample 4 was treated with
1L-1 and KuCl at 50 ug/mL. Sample 5 was treated with KuCl
at 50 ug/mL. In summary, IGF-1 production was greater than
IL-1 alone when treated with kuromanin alone or in combi-
nation with IL-1.

FIG. 8 depicts a chart summarizing IGF-1 production data
measured from human cartilage explants as described in
Example 1 for cyanidin. Sample 1 provides the control.
Sample 2 was treated with IL-1 alone. Sample 3 was treated
with IL-1 and CCl at Sug/mL. Sample 4 was treated with IL.-1
and CCl at 50 ug/mL. Sample 5 was treated with CCl at 50
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ug/mL. In summary, IGF-1 production was greater than 11.-1
alone when treated with cyanidin alone or in combination
with IL-1.

FIG. 9 depicts a chart demonstrating a dose response effect
of cyanidin chloride on matrix synthesis in bovine cartilage
explants (N=6) through the measurement of >>S uptake.

FIG. 10 depicts a chart demonstrating a repeated experi-
ment to assess a potential dose response effect of cyanidin
chloride on matrix synthesis in bovine cartilage explants
(N=6) through the measurement of >°S uptake.

FIG. 11 depicts a chart demonstrating a repeated experi-
ment to assess a potential dose response effect of cyanidin
chloride on matrix synthesis in bovine cartilage explants
(N=6) through the measurement of *>S uptake.

FIG. 12 depicts a chart summarizing matrix synthesis in
bovine explants through measurement of **S uptake after
exposure to 500 uM cyanidin chloride together with low
glucose (1 g/L) or high glucose (4.5 g/L.) in comparison to
control

FIG. 13 depicts a chart summarizing the measurement of
matrix synthesis in human osteoarthritic cartilage grade I1-111
explants using *>S uptake analysis after treatment with 500
uM cyanidin chloride.

FIG. 14 depicts a chart summarizing the measurement of
matrix synthesis in human osteoarthritic cartilage grade I1-111
explants using >>S uptake analysis after treatment with 500
uM cyanidin chloride with physiologic (0.45%) or supra-
physiologic (2.5% and 5%) concentrations of glucose.

FIG. 15 depicts a chart of IGF-1 gene expression in human
synovial explants after administration of low glucose (1 g/L)
and high glucose (4.5 g/L).

FIG. 16 depicts a chart of IGF-1 release from human syn-
ovial explants after administration of low glucose (1 g/) and
high glucose (4.5 g/L).

FIG. 17 depicts a chart summarizing the results of a cell
toxicity assay testing 100 uM and lower concentrations of
cyanidin, delphinidin, kuromanin, and pelarginidin.

FIG. 18 depicts a chart summarizing the results of a cell
toxicity assay testing 200 uM and higher concentrations of
cyanidin, delphinidin, kuromanin, and pelarginidin.

FIG. 19a-c¢ depicts a chart of a time course experiment
measuring the uptake of >°S in cartilage explants over 6 hours
(FIG. 19a), 12 hours (FIG. 195) and 24 hours (FIG. 19¢)
following treatment with anthocyanin and IL.-1 alpha. Al
represents cyanidin chloride; A2 represents delphinidin-3-O-
glucoside; A3 represents kuromanin chloride; I-1 represents
interleukin-1; and Cnt represents control or no anthocyanin

FIG. 20 depicts a chart demonstrating **S incorporation of
cartilage explants over 24 hours following treatment with
anthocyanin and TGF beta. Al represents cyanidin chloride;
A2 represents delphinidin-3-O-glucoside; A3 represents
kuromanin chloride; T represents TGF beta; and Cnt repre-
sents control or no anthocyanin.

FIG. 21 depicts a graph demonstrating the predicted
amount of IGF-1 protein in media after treatment of synovial
explants with varying concentrations of anthocyanin and glu-
cose.

FIG. 22 depicts a graph demonstrating the predicted
amount of IGF-1 protein in media after treatment of synovial
explants with varying concentrations of anthocyanin and glu-
cose titrated to match tissue weight.

FIG. 23 depicts a graph demonstrating the predicted
amount of IGF-1 protein in media of another experiment after
treatment of synovial explants with varying concentrations of
anthocyanin and glucose.
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FIG. 24 depicts a graph demonstrating the relative fold
changing in IGF-1 gene expression compared to low glucose
alone.

FIG. 25 depicts a graph demonstrating the predicted
amount of IGF-1 protein in media after treatment of synovial
explants with varying concentrations of anthocyanin and glu-
cose titrated to match tissue weight.

FIG. 26 depicts a graph demonstrating the predicted
amount of IGF-1 protein in media after treatment of synovial
explants with varying concentrations of anthocyanin (lower
concentrations) and glucose titrated to match tissue weight.

FIG. 27 depicts a graph demonstrating the relative-fold
IGF-1 gene expression in synovial explants vs. low and high
glucose levels.

FIG. 28 depicts a graph demonstrating the relative-fold
IGF-1 gene expression in synovial explants compared to low
glucose alone.

FIG. 29 depicts a graph demonstrating TGF-beta concen-
tration measured by ELISA after exposure of various concen-
trations of dextrose to fibroblast cells.

FIG. 30 depicts a graph demonstrating fibroblast cell pro-
liferation after the administration of varying concentrations
of dextrose.

DETAILED DESCRIPTION OF THE INVENTION

As an introduction, the present invention provides meth-
ods, composition and uses for treating or preventing various
cartilage-associated disorders or injuries. In particular, the
present invention provides methods and compositions for the
prevention or treatment of cartilage-associated conditions or
disorders of the hand, foot, ankle, knee, hip, spine, growth
plates, intervertebral disc and the like, and is particularly
useful as treatment of cartilage disorders or cartilage-associ-
ated medical conditions such as arthritis, and more particu-
larly traumatic and osteoarthritis. Conditions such as lupus
and rheumatoid arthritis may also benefit from such treatment
as will genetic or post surgical conditions that result in dam-
aged cartilage.

Preferably, the methods and compositions are used for the
treatment of humans. However, the methods and composi-
tions are also useful in the veterinary arts, such as for the
treatment of animals and in particular mammals. A variety of
cartilage-associated disorders are prevalent in mammals,
including in equine or horse and canis or dog. As such, the
methods and compositions will also be useful for the treat-
ment of a variety of mammals, including horses, dogs, cats,
livestock, humans and the like.

The methods and compositions provided herein include an
anthocyanin or anthocyanidin and preferably glucose. Most
preferably, the composition is provided in a pharmaceutically
acceptable carrier suitable for the particular administration,
which is preferably intra-articular injection.

Anthocyanins and anthocyanidins are demonstrated herein
to provide chondroprotective and chondronutritive activities,
which may be transferred directly to a joint or joint capsule
suffering from a cartilage-associated condition or injury.
These beneficial activities correlate with the ability of the
anthocyanin and anthocyanidin to modulate the synovium,
thereby increasing both IGF-1 gene expression and IGF-1
production. Though nonlimiting, increasing the availability
of IGF-1 within the affected joint capsule is believed to
counter soluble IGF-1 binding proteins in the affected region,
and thus increase its availability for binding to receptor in or
at the cartilage cell. IGF-1 is thus permitted to interact with
cartilage cells to produce mucoplysaccharides for chondro-
nutritive activity and chondrorepair and/or chondrorestora-
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tion. Further, by simulating the body’s innate production of
IGF-1 the present invention enhances the body’s natural pro-
tective mechanism while avoiding potential adverse effects
associated with administration of exogenous IGF-1 or human
growth hormone (HGH). Still further, the rapid breakdown of
the anthocyanin or anthocyanidin itself permits improved
regulation of IGF-1 gene expression and production while
ensuring its removal and thus eliminating potential down-
stream effects on other potential regulatory pathways. As
such, the compositions and methods provide both efficacy
and safety.

Benefits derived from anthocyanins/anthocyanidins may
also be due in part to their antioxidant activities. For instance,
the scavenging of free radicals within the synovial fluid may
prevent attack on cartilage, thereby providing chondroprotec-
tion.

When combined with glucose, the anthocyanins and antho-
cyanidins are also shown to significantly improve the produc-
tion of cartilage. As such, when combined with glucose the
composition further enhances chondroreparative and chon-
drorestoratative activity. Stimulation of new cartilage may
occur, in part, by increasing gene expression and production
of IGF-1 as well as providing substrate for glucosamine in the
building of the cartilage matrix.

While these compositions and methods alone will provide
an effective therapy for the treatment of cartilage associated
disorders, when used in combination with alternative thera-
pies treatment may be further enhanced.

In one exemplary method administration of the composi-
tion is combined with the use of an explant of synovial villi.
In such embodiments the synovial villi may be harvested
from a subject, cultured in the presence of the composition
and introduced to the site of injury. In alternative embodi-
ments the synovial villi may be provided as an explant, intro-
duced at the site of injury then followed by one or more
intra-articular injections of the composition.

As will become apparent to one skilled in the art, admin-
istration of the composition may be combined with a variety
of surgical or nonsurgical procedures to enhance treatment
over the procedures alone.

Definitions

Unless expressly defined otherwise, all technical and sci-
entific terms used herein have the same meaning as is com-
monly understood by one of ordinary skill in the art to which
this invention belongs. All publications referred to through-
out the disclosure are incorporated by reference in their
entirety. In the event there exists a plurality of definitions or
meanings for a term, the interpretation is to be construed
consistent with this section and the spirit and scope of this
document as a whole.

The term “cartilage disorder” or “cartilage-associated dis-
order” as used herein refers to a medical condition that
includes as a characteristic, reduced or damaged cartilage as
compared to a control or normal subject. A cartilage disorder
may result from disease, injury and the like. A cartilage dis-
order may be a genetic condition or a viral condition. A
cartilage disorder also includes secondary injuries to the joint
such as those found in medical conditions such as gout. The
cartilage disorder also includes systemic diseases with sec-
ondary joint conditions, such as lupus and rheumatoid arthri-
tis. The cartilage disorder may be an injury that results in
damaged and/or reduced cartilage. The cartilage-associated
disorder may be osteoarthritis.

The term “chondroprotective” or “chondroprotective
agent” as used herein refers to a process, substance or mol-
ecule that inhibits or reduces the degradation of cartilage or
chondrocytes. Chondroprotection may occur by decreasing
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of apoptosis and may be an anti-apoptotic agent. Chondro-
protection protects cartilage from effects of IL-1 in vitro. A
chondroprotective agent may be identified by assessing
whether the compound prevents induced degradation of car-
tilage or chondrocytes. A chondroprotective agent may be
identified from identifying known antioxidant properties.
TGF-beta, IGF-1 and anthocyanins/anthocyanidins are chon-
droprotective. Some surgical procedures, such as autogenous
bone grafting are chondroreparative. Orthosis, such as
through the use of unloader braces or some insoles, may be
chondroprotective.

The term “chondronutritive” or “chondronutritive agent”
as used herein refers to a process, substance or molecule that
activates a cartilage cell to produce or enhances the produc-
tion of glucopolysaccharides.

The term “chondroreparative” or “chondroreparative
agent” as used herein refers to a process, substance or mol-
ecule that causes cartilage to repair, such as with fibrocarti-
lage. Surgical procedures such as abrasion arthroplasty,
microfracture, autogenous osteochondral grafting and joint
unloading by ostetomy are considered chondroreparative.
Orthosis, such as through the use of unloader braces or some
insoles, may be chondroreparative.

The term “chondrorestorative agent™ as used herein refers
to a process, substance or molecule that causes cartilage to be
restored to its normal hyaline pattern or nature. A chon-
drorestorative agent restores or improves normal activities or
functions to the cartilage.

The term “pharmaceutically acceptable carrier” as used
herein refers to the acceptance or use of the carrier in the
pharmaceutical industry. Preferably the carrier is approved by
the federal drug administration (FDA) for use in humans.
Exemplary carriers include physiological solutions including
but not limited to glucose, dextrose, normal saline, phosphate
buffered saline (PBS) or Ringer’s solution.

The term “therapeutically effective amount™ as used herein
refers to an amount of an active ingredient that produces the
intended result.

The term “proximate” or “proximate to” as used herein
refers to a location that is sufficiently near in location that the
intended effect or result occurs. For example, synovium
explants proximate to damaged cartilage are able to migrate
and affect repair. Injections or infusions proximate to dam-
aged cartilage deliver pharmaceutical composition to dam-
aged cartilage.

The term “alkyl” or “alkyl group” as used herein refers to
a straight or branched hydrocarbon chain having from 1 to 15
carbons. Non-limiting examples include ethyl (—CH,CHj;),
propyl (—CH,CH,CHj;), butyl (—CH,CH,CH,CH;) and
the like.

The term “alkoxy” or “alkoxy group” as used herein refers
to a straight or branched hydrocarbon chain having from 1 to
15 carbons and linked to oxygen. Non-limiting examples
include methoxy (—OCH;), ethoxy (—OCH,CH,) and the
like.

The term “intra-articularly” as used herein refers to direct
administration of a composition into the cavity enclosing or
associated with a movable joint requiring treatment, so that
substantial direct contact between the administered compo-
sition and the cartilage is achieved. The cavity may be asso-
ciated with any moveable joint, including a ball and socket
joint, a hinge joint, a pivot joint and a saddle joint. Such joints
may be found throughout the body. Further, administration
may occur into a cavity or cartilage matrix or synovial facet
joint associated with the spine.
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The term “juxta-articular” or “juxta-articularly” as used
herein refers to the administration of a composition near an
articular joint requiring treatment.

Methods of Treating Cartilage-Associated Conditions and
Disorders

In one aspect of the present invention a method for the
treatment of a cartilage-associated condition or disorder is
provided, which includes administering to a patient in need
thereof a composition including an anthocyanin or an antho-
cyanidin, and optionally glucose. The composition is pro-
vided with a pharmaceutically acceptable carrier.

Anthocyanins and anthocyanidins are known to have
potent antioxidant activities in vitro. (see Wang et al., J. Agric.
Food Chem. 1997, 45:304-9, kuromanin (cyanidin-3-gluco-
side) had 3.5 times oxygen radical absorbing capacity com-
pared to Trolox (Vitamin E)). However, transfer of antioxi-
dant properties has not been confirmed in vivo. This is likely
because, in part, flavonoids, such as anthocyanins do not
effectively cross the blood/synovium barrier. For instance,
flavonoids are poorly adsorbed (less than 5%) with most of
what is being adsorbed being quickly metabolized and
excreted. (see Frei et al. 2007). In fact, the half life of cyani-
din-3-glucoside is predicted to be about 90-120 minutes. The
mechanism of flavonoid metabolism has been suggested to
include their degradation into phenolic acids and aldehyde in
vivo. Woodward et al., J. Agric. Food. Chem. 2009; 57:5271-
78. The metabolic conversion of cyanidin glycosides in
human subjects has also been confirmed through analysis of
urine and serum. Kay et al., Br J Nutr 2004 June; 91(6):933-
42. Thus, while in vitro the antioxidant activities have been
impressive, in vivo it is more useful to administer Vitamin C
for antioxidant activity.

To confirm the results of Frei, Lolita et al., Woodward et al.
and Kay et al.,, an experiment was performed to assess
whether an anthocyanin could be orally delivered to an
affected joint or whether it would be metabolized as predicted
by the above authors. In the study, a subject suffering from
OA of the knee ingested the extract chokeberry. Chokeberry
includes, in comparison per 100 g FW: 37.6 mg cyanidin-3-
glucoside; 51.5 cyanidin-3-xyloside; 989.7 mg cyanidin-3-
galactosidase; 399.3 mg cyanidin-3-arabinoside; and 2.3 mg
pelargonidin-3-arabinoside.  Accordingly,  chokeberry
includes a high concentration of anthocyanins; greater than
gooseberry, elderberry and red currant. Afterwards, both
urine and synovial fluid from the affected knee joint was
collected and analyzed. No trace of anthocyanin was found in
the synovial fluid; however anthocyanin was found in the
urine. Accordingly, it was confirmed that ingested anthocya-
nin does not cross the biological barriers to enter the knee.
That is, there appears to be a blood-synovial barrier that is
difficult to cross.

A central problem solved by the present invention is the
adaptation of the composition for direct administration to the
affected joint. While previous oral administration techniques
were unlikely successtul, such as those pursued by Miller et
al., the study above supports the finding that the body treats
anthocyanins and anthocyanidins as foreign bodies and rap-
idly metabolizes them for excretion through the urine or bile.
That is, they are not permitted to traverse the body’s synovial
barrier, which is particularly adapted to regulate the presence
and abundance of compounds, factors and proteins within the
articular joint. The problem of delivery and circumventing
rapid metabolism has now been solved in part by providing an
alternative administration route and technique. Preferred
delivery of the compositions of the present invention is
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through intra-articular injection where the composition can
act directly and with known effective dose in the joint requir-
ing treatment.

The potential role of anthocyanins and anthocyanidins for
the treatment of cartilage-associated disorders was further
evaluated to consider efficacy and safety. If a therapeutic
would be developed, both efficacy and safety would be
required. We have a well defined and identified single mol-
ecules tested that were selected and representative of the
anthocyanin/anthocyanidin group. To confirm results corre-
lated with the compositions themselves, substantially pure
(greater than 97%) compounds were used to avoid variations
or contaminants found in extracts.

The role of anthocyanins/anthocyanidins as chondropro-
tective agents was considered by culturing human cartilage
explants in the presence of IL-1, which is known to induce
degradation of cartilage. Referring to FIGS. 1 and 2, both
kuromanin and cyanidin were able to prevent GAG (glu-
cosaminoglycan) release compared to control. Thus, both
kuromanin and cyanidin proved to be chondroprotective. The
antioxidant activities of anthocyanins and anthocyanidins are
believed to contribute to their chondroprotective activities.
For instance, it may be that anthocyanins or anthocyanidins
scavenge free radicals within the articular joint, thereby pre-
venting attack on vulnerable cartilage.

Although it was established that both kuromanin and cya-
nidin were chondroprotective agents, potential mechanisms
of action were also studied. In particular IGF-1 gene expres-
sion and production was assessed in cartilage explants. IGF-1
is known to exist in osteoarthritis synovium and is known to
have a healing effect on articular cartilage. (Schmidt M B et
al., Osteoarthritic Cartilage 2006 May; 14(5):403-12). IGF-1
is also believed to have a poor anabolic efficacy in cartilage in
osteoarthritis partly because of its sequestration by abnor-
mally high levels of extracellular IGF-binding proteins (IG-
FBPs). Ceuninck et al., Arthritis Res Ther 2004; 6(5):R393-
R403. Accordingly, an increase in IGF-1 production could
overcome the IGFBPs and potentially induce cartilage repair.

Referring collectively to FIGS. 3-8, it was found that in
human explants cyanidin successfully increased IGF-1 gene
expression more than kuromanin compared to the catabolic
IL-1 alone. It was also found that IGF-1 production was
increased in both cyanidin and kuromanin compared to IL.-1
alone; however, the results did not appear consistent. Further
research reveals the difficulty in using human explants. For
instance, even using identical harvest and culture conditions,
human articular chondrocytes from different individuals dis-
play extreme variability in their in vitro chondrogenic capac-
ity. Grogan et al., Arthritis & Rheumatism, 2007 Feb. 2;
56(2)586-95. In addition, age-associated changes have also
been found when using human articular chondrocytes. Bar-
bero et al., OsteoArthritis and Cartilage, 2004; 12:476-84.
While probative as to the effect on chondrocytes, use of in
vitro human chondrocytes is yet to be conclusive. As such,
studies were also conducted using an accepted bovine model
to confirm positive results. Referring to FIGS. 9-11, matrix
synthesis was determined by measuring >>S uptake in the
presence of catabolic IL.-1 and cyanidin. Initially a dose
response was identified but difficult to reproduce.

Though there was some variation between experiments, it
was apparent that the anthocyanin increased IGF-1 gene
expression and increased IGF-1 production. Thus, the antho-
cyanins/anthocyanidins are believed to operate at least in part,
through IGF-1. IGF-1 values in synovial fluid have been
shown to correlate with osteoarthritic changes within the
joint, independent of age and IGF-1 is lower in synovial fluid
than in serum. L is et al., Chir Narzadow Ruchu Ortop Pol.,
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2005; 70(6):407-10. Since, IGF-1 is present in the synovial
joint in small amounts and the results show anthocyanins
increase IGF-1 gene expression and production, the admin-
istration of composition including anthocyanin will effec-
tively modulate the activity or gene expression of IGF-1,
which in turn modulates the expression of IGF-1 in the syn-
ovium. Increasing expression of IGF-1 may counteract the
presence of IGFBPs and thus increase the localized concen-
tration of available IGF-1 for interaction with chondrocytes to
prevent the degradation of cartilage. Further, since the half
lives of anthocyanins are quite short, gene expression and
thus interaction of IGF-1 with cartilage can be effectively
controlled.

Since the present invention does not require the adminis-
tration of exogenous IGF-1 or human growth hormone
(HGH) to increase localized concentrations of IGF-1 in the
joint, many of the traditional concerns regarding administer-
ing such compounds can be avoided. That is, by tightly con-
trolling the modulation of the endogenous IGF-1 gene itself,
the present invention is subject to homeostasis protection of
the body for safety. Accordingly, this approachis less likely to
cause a variety of cancers and deleterious effects implicated
with exogenous administration of IGF-1 or HGH.

It was hypothesized that the glycoside of anthocyanin may
in fact stimulate the synovium to produce IGF-1 since antho-
cyanins are glycosides of anthocyanidins. Accordingly,
anthocyanidins and their corresponding sugar-free anthocya-
nins were studied to determine if the sugar moiety was impor-
tant for chondroprotective activity. It was found that the sugar
moiety was not required for chondroprotection and thus also
suggests the region may be modified to affect the properties of
the composition without adversely affecting its activity.
Though not yet confirmed, the sugar may in fact contribute in
part to chondroreparative activity after cleavage.

While anthocyanins were demonstrated to provide chon-
droprotective activity, experiments were also conducted to
assess whether the activity could be enhanced when provided
as a combination treatment. Specifically, studies were con-
ducted to assess whether synthesis of cartilage could be per-
formed when combining an anthocyanin with glucose. In
culture, cyanidin-3-glucoside, delphinidin-3-glucoside, pel-
argonidin-3-galactoses and pelargonidin were found to
stimulate insulin secretion from rodent pancreatic beta-cells
when provided with 4 and 10 mM glucose. Nairet al., J Agric
Food Chem, 2005 Jan. 12; 53(1):28-31. Insulin is known to
bind to the IGF-1 receptor and to illicit significant responses
in cartilage. Kellner et al., J Drug Target, 201; 9(6):439-8.
Water-soluble polyphenol polymers from cinnamon were
also found to increase insulin dependent glucose metabolism
roughly 20 fold and may potentiate insulin action. Anderson
etal., J Agric Food Chem, 2004; 52(1):65-70. Accordingly, it
may be that anthocyanins or anthocyanidins, which have a
generally polyphenol structure function in part as insulin
secretagogues.

Referring to FIG. 12, matrix synthesis was assessed using
the *°S uptake assay and in the presence of IL-1. When
combined with glucose, significant update of >°S was mea-
sured, indicating that when combined, cyanidin and glucose
significantly induce chondroreparative activity. Testing was
further conducted to assess various concentrations of glucose
together with cyanidin. Referring to FIGS. 14-16, low glu-
cose appeared to stimulate matrix synthesis more than higher
concentrations of glucose in human OA grade 11 explants;
however, high glucose appeared to increase both IGF-1 gene
expression and IGF-1 release. Thus, when combined with
anthocyanin it appears the preferred concentration is about
0.5% glucose.
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Further studies were conducted to assess the combination
of higher and lower glucose concentrations together with
anthocyanins/anthocyanidins in synovial explants. Referring
to FIGS. 21-28, initially higher glucose levels together with
cyanidin showed the highest levels of IGF-1 in media; how-
ever, when volumes were titrated to match the weight of the
tissue, it appeared that lower glucose levels together with
cyanidin and kuromanin had the greatest production of IGF-1
protein levels. Elevated IGF-1 gene expression was also
found to significantly increase in synovial tissue after the
addition of glucose. Though there appeared to be some varia-
tion between samples, the studies confirmed cyanidin and
kuromanin together with glucose elevate IGF-1 gene expres-
sion and production.

While anthocyanins were shown effective at increasing
IGF-1 gene expression and production, toxicity studies were
required to assess the safety of administering the composi-
tion. As such, toxicity studies were conducted to assess the
safety of exemplary anthocyanins: cyanidin, delphinidin and
kuromanin. Referring to FIGS. 17-18, 100 uM concentration
appeared non-toxic, while 200 uM or greater may provide
some toxicity. Accordingly, in preferred embodiments antho-
cyanins or anthocyanidins are proved in concentrations of
about 100 uM or less.

Anthocyanins were also examined for potential anabolic
effects and anti-arthritic effects. Referring to FIGS. 19-20,
anthocyanins had no effect on matrix synthesis at 6 hours,
delphinidin-3-O-glucoside had an anti-arthritic effect at 12
and 24 hours, and kuromanin chloride had a synergistic effect
on matrix synthesis rates at 24 hours when combined with
TGF-p.

For completeness, the relationship between a saccharide
(dextrose) and TGF-f3 was also examined. Fibroblasts were
treated with varying amounts of dextrose and measured for
the release of TGF-f3. Referring to FIG. 29, it appears dex-
trose does not increase TGF-f expression. In fact, higher
amounts of glucose actually decreased the presence of TGF-
[. However, referring to FIG. 30 when measuring cell prolif-
eration, lower concentrations of glucose increased cell pro-
liferation; whereas higher concentrations did not. It appeared
that 0.5% glucose provided the greatest proliferation of fibro-
blasts.

Although various growth factors have been proposed to
repair cartilage, there exogenous administration appears to
coincide with deleterious effects. However, it is also shown
that these growth factors, which do have beneficial activities
in vivo can be modulated by the administration of compounds
that are biologically safe. As such, the activation of beneficial
endogenous growth factors may be tightly controlled using
the compositions and methods herein.

Also, the intra-articular injection of growth factors, such as
transforming growth factor-p1, insulin-like growth factor-1,
and bone morphogenetic proteins, has been studied on the
basis of abundant data from in vitro studies demonstrating the
chondrogenic effects of these agents. Cuevas et al. reported
preliminary data suggesting an early stimulating effect from
basic fibroblast growth factor that had been injected with an
osmotic pump into the knees of rabbits in which small (two-
millimeter) defects had been created. Neidel found that intra-
articular injections of insulin-like growth factor-1, fibroblast
growth factor, or epidermal growth factor had no effect on the
healing of standard cartilage defects. Although the data are
still somewhat sparse, problems such as formation of osteo-
phytes in association with intra-articular administration of
transforming growth factor-f1 might limit the usefulness of
this technique. See O’Driscoll, Journal of Bone and Joint
Surgery, 1998; 80:1795-1812.
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The present invention demonstrates the effectiveness of a
composition including an anthocyanin or anthocyanidin and
glucose for the treatment of a cartilage-associated disorder. In
particular, the composition may be chondroprotective or
chondronutritive and thus protect against the degradation of
cartilage and be chondroreparative or chondroregenerative
and thus enhance cartilage production and restore normal
activity of patterns.

The methods of repairing or regenerating cartilage as pro-
vided herein may include administering anthocyanin or
anthocyanidin and glucose in a therapeutically effective
amount or dose. The therapeutically effective dose of the
composition will result in localized delivery of anthocyanin
or anthocyanidin and glucose to the area of the affected joint.
Preferably, the therapeutically effective dose is administered
intra-articularly or juxta-articular to the joint in need of treat-
ment. This can be done by injection or infusion. The compo-
sition may be administered as a single dose or may be admin-
istered periodically over time. As such, administration may
occur over many days or months. Further, administration of
the composition may occur at regular or irregular time peri-
ods. Following a hiatus, subsequent administration may be
instituted.

The therapeutically effective dose may vary depending on
a variety of factors. For instance, the dose may vary depend-
ing on the form of the composition, such as a solution, a
suspension, an emulsion, or a sustained release formulation.
More specifically a sustained release formulation would tend
to have a higher concentration of active components. Addi-
tional factors may include the subject’s condition or progres-
sion of disease, whether additional therapies are being pro-
vided concurrently and the like. Further, consideration may
include the presence or amount of effusion or inflammation of
the joint. As general guidance the administered dose of antho-
cyanin or anthocyanidin may be in the range of about 0.002
mg to about 100 mg per joint. Preferably the anthocyanin is
provided at about 100 uM or less. As general guidance, cya-
nidin chloride has a MW of about 322.7 and thus 100 uM is
equivalent to about 0.32 mg/10 mL; kuromanin chloride has
a MW of about 484.84 and thus 100 uM is equivalent to about
0.485 mg/10 mL; and delphinidin-3-glucoside has a MW of
about 500.8 an and thus 100 uM is equivalent to about 0.501
mg/10 mL. Glucose or dextrose may be provided in concen-
trations from about 0.5 mM to about 100 mM. However, the
present invention is non-limiting with respect to concentra-
tion as long as a beneficial effect results. In some embodi-
ments a 5% or 10% glucose solution includes anthocyanin or
anthocyanidin. In some embodiments glucose is provided at
about 0.5%. Amounts greater or lesser than the ranges pro-
vided are also encompassed by the instant invention. One
skilled in the art will realize that the dose by injection will
likely be less than that of an oral medication since the oral
medication must clear numerous barriers. Further, since
according to Frei, the vast amount of flavonoids are cleared
quickly through the urine and bile, an oral composition would
need to account for its rate of excretion. Thus, it may be that
the anthocyanins are broken down to phenolic acids and alde-
hyde as suggested by Woodward et al.

While it is presumed that the anthocyanin/anthocyanidin
provides chondroprotective activity in vivo upon injection, it
may be that a metabolite of the anthocyanin or anthocyanidin
is providing chondroprotective or chondroreparative activi-
ties. Again, anthocyanin metabolites have been identified in
urine and serum. Kay et al. Br J Nutr; 2004 June; 91(6):933-
42. Thus, downstream metabolites of anthocyanin and antho-
cyanidin, such as phenolic compounds are also encompassed
by the methods of the present invention.
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Though non-limiting it is believed that the composition
stimulates production of cartilage indirectly. That is, the com-
position is administered to the synovium, such as by injection,
where it increases IGF-1 gene expression and production of
IGF-1 itself. Increased amounts of IGF-1 are released into the
joint where soluble IGFBPs are present. Though the IGF-1
population is partially bound, increasing the localized con-
centration of IGF-1 increases the available IGF-1 for binding
to receptors at the cartilage, which induces cartilage forma-
tion.

It may be that the composition stimulates production of the
cartilage directly. That is, while the traditional view of articu-
lar cartilage is that it is non-regenerative, emerging research
shows that the articular cartilage may in fact have distinct
zones with different cellular and molecular phenotypes and
the superficial zone may in fact harbour stem cells. Karlsson
et al., Arthritis Research and Therapy 2009; 11:121. Mesen-
chymal stem cells have been isolated from the synovial mem-
brane and synovial fluid and are believed to have immuno-
suppressive and anti-inflammatory effects. Chen et al.
Arthritis Research and Therapy 2008:223. For instance
MSCs can be isolated from the synovial membrane of knee
joints and when cultured maintain their multilineage difter-
entiation potential. De Bari et al., Arthritis and Rheumatism,
2001 August; 44(8):1928-1942. Accordingly, it may be that
the composition of the present invention acts on cartilage,
such as through stem cells found in the superficial zones in
addition to the synovial membrane.

The compositions provided herein may act in part as an
anti-inflammatory. Antioxidants have been proposed to have
anti-inflammatory activity and anthocyanins are known to
have antioxidant properties. In addition, antioxidants have
been proposed as potentially reversing cartilage tissue dam-
age caused by cytokines. Homandberg et al., Biochimica et
Bioyphysica Acta 1996; 1317(2):143-8.

While the composition is effective alone, it may also be
used in a combined therapy. For instance, the composition
may be combined with surgical methods, coadministered
with a synovial explant or explant of synovial villi, or may be
combined with therapies directed towards reducing load on
an affected joint.

In some embodiments, the compositions of the present
invention are administered in combination with a surgical
method. For example, the compositions according to the
present invention may be given at the time of surgery or after
surgery. The compositions may be provided as a combined
therapeutic or may assist in healing or recovery after surgery.
Nonlimiting examples of surgical procedures that may be
combined with the compositions of the instant invention
include arthroscopy, arthroscopic surgery, anthroplasty,
osteotomy, cartilage, meniscal or ligament repairs, recon-
struction, resection and the like. In some embodiments treat-
ment with the composition is preceded by joint lavage and/or
vacuum to remove debris and/or to dilute cytokines or
fibronectin. In some embodiments, the compositions treat or
prevent post-traumatic osteoarthritis, which may follow joint
surgery.

In some embodiments of the present invention, the syn-
ovium tissue is harvested, treated with the composition
according to the present invention, and administered to the
subject in need of treatment. The synovium tissue may be
treated in toto (or with all of its components) or cells may be
extracted or isolated from the synovium then treated and later
implanted. In further embodiments, the composition is pro-
vided together with synovial villi as an explant. In some
instances the synovial villi are cultured in the presence of the
composition. In other embodiments, the synovial villi are
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provided as explants and introduced to the site of injury
followed by or concurrently with administration of the com-
position. The synovial villi may be particularly desirable in
combination with the composition since they may be rich in
stem cells and IGF-1, which may be modulated by the com-
position to affect differentiation or to further increase IGF-1.
U.S. Ser. No. 11/210,077 describes the use of synovium
explants including synovial villi and is herein incorporated by
reference.

In some embodiments of the present invention, the com-
position is administered in combination with a decrease in
weight bearing of joints, such as during a recovery phase,
such as after a surgical procedure. Thus, in some embodi-
ments the composition is provided together with a device or
procedure which selectively unloads an affected joint. Such
devices include unloader knee braces and medial and/or lat-
eral wedged insoles. U.S. Ser. No. 12/603,160 describes the
use of wedged insoles and is herein incorporated by refer-
ence.

Compositions

The preferred compositions include anthocyanins or
anthocyanidins and glucose. Preferably, the compositions are
provided with a pharmaceutically acceptable carrier. Prefer-
ably, the composition is provided as a solution for injection or
infusion or one that can be suspended such that it can be
injected or infused at the site requiring treatment such as in
proximity to or intra-articularly to a joint requiring the pro-
vided methods.

Over 300 structurally distinct anthocyanins have been
identified in nature. Among these include a variety that are
currently being evaluated for their ability or desirability to
prevent the degradation of cartilage or repair or regenerate
cartilage, including kuromanin (cyanidin-3-glucosidase),
delphinidin-3-glucosidase, cyanidin-3-galactosidase and
pelargonidin-3-galactosidase. Anthocyanins for use with the
present invention include those that are isolated or purified
from nature or chemically synthesized. Specifically, antho-
cyanins and anthocyanidins tested are that are commercially
available and provided consistent with pharmacologic stan-
dards. Such compounds are well characterized and adapted
for pharmaceutical administration. Further, anthocyanins
may be chemically modified to form a derivative or structural
analog, which may affect one or more characteristics, such as
to increase or decrease solubility, activity, stability, bioavail-
ability and the like. Such modifications may include the addi-
tion of one or more substituents or side chains including an
alkyl or alkoxy group, a hydroxyl group, an ester and the like.
Though non-limiting, derivatives and analogs may be formed
using standard organic chemistry techniques such as through
the use of enolate intermediates, electrophilic or nucleophilic
attack, and the like. The derivative should not destroy the
activity of the composition and should not confer toxic prop-
erties.

Anthocyanidins are the sugar free counterparts of antho-
cyanins. They are salt derivatives of the 2-phenylchromeny-
lium cation, also known as flavylium cation. Whenused in the
present invention, the cation may be provided with a suitable
counter ion, such as but not limited to chloride. Non-limiting
examples of anthocyanidins encompassed by the present
invention include aurantinidin, cyanidin, delphinidin, euro-
pinidin, luteolinidin, pelargonidin, malvinidin, peonidin,
petunidin and rosinidin. The anthocyanidins may be isolated
or purified from nature or may be chemically synthesized. In
addition, derivatives or analogs may be formed to affect solu-
bility, activity, stability, bioavailability and the like. Exem-
plary anthocyanin and anthocyanidin structures are provided
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in Table 1, which provides “R” groups depicting regions of
likely substitutions to generate various analogs.

TABLE 1

Anthocyanidin core
structure

Kuromanin chloride

o

HO H

Cyanidin OH
OH
HO O
A
Z o
OH
Delphinidin oH
OH
®
HO O,
O A OH
/
OH
OH
Perlargonidin OH
+
HO O
/
x OH
HO

It has been hypothesized that the glycoside of anthocyanin
may stimulate the synovium to produce insulin-like hormone
since anthocyanins are glycosides of anthocyanidins. Accord-
ingly, anthocyanidins and their corresponding sugar-free
anthocyanins were studied to determine if the sugar moiety
was important for chondroprotective activity. It was found
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that the sugar moiety was not required for chondroprotection
and thus also suggests the region may be modified to affect the
properties of the composition without adversely affecting its
activity. Though not yet confirmed, the sugar may in fact
contribute in part to chondroreparative activity after cleavage.
In this case, the reagent would act as both catalyst in the
general sense and substrate in the process of the cartilage
repair. That is, the cleaved saccharide itself may be used as a
substrate in the formation of new cartilage.

In preferred embodiments of the present invention, the
anthocyanin or anthocyanidin is provided in combination
with a sugar, most preferably glucose. Glucose is a monosac-
charide and is an important carbohydrate in biology. Two
stereoisomers of the aldohexose sugars are known as glucose,
L-glucose and D-glucose. D-glucose is also commonly
referred to as dextrose. Park et al. previously demonstrated
that injection of 10% dextrose protects cartilage in the knee
from breakdown after cutting the ACL ligament in rabbits.
Animal Research & Therapy, 2007; 9(1):R8. In addition,
Reeves et al. demonstrated a benefit in humans when injecting
severely arthritic knees with 10% dextrose. Alth Ther Filth
Med 2002; 6(2):37-46. Reeves also showed a benefit when
injecting an arthritic thumb with dextrose. J Altern Comple-
ment Med. 200; August; 6(4):311-20. As provided herein,
these benefits can be enhanced by co-administration of glu-
cose or dextrose with anthocyanin or anthocyanidin.

Low and high glucose conditions were provided in culture
to assess the anthocyanin/anthocyanidin alone and in combi-
nation with glucose. Physiologic concentration of glucose
was provided as 0.45%, which mimicked the natural glucose
levels in the articular joint. Under low glucose levels (2.5%),
cyanidin showed some chondroprotective activity. However,
chondroprotective activity was nearly 20% greater in higher
glucose conditions (5%).

Glucose itself may also function as a carrier or vehicle for
administering the anthocyanin/anthocyanidin, thereby form-
ing two functions. A variety of glucose-related carriers are
known in the pharmaceutical arts and incorporated herein.

For purposes of the present invention, the pharmaceutical
composition including an anthocyanin or anthocyanidin is
preferably formulated in a unit dosage and in an injectable or
infusible form such as solution, suspension or emulsion. It
can also be in the form of a lyophilized powder, which can be
converted into solution, suspension or emulsion before
administration. In some embodiments a pharmaceutical com-
position is provided in a formulation that includes biodegrad-
able microspheres or of amorphous bioadsorbable material of
glucoseitself. The common biodegradable carriers are impor-
tantly amorphous physically and as opposed to crystalline
material, do not cause tissue irritation. In some preferred
embodiments the composition is administered together with
50/50 D, L lactide/glycolide or 85/15 D,L lactide glycolide.
Also encompassed herein are nanospheres as known in the
pharmaceutical arts. The pharmaceutical compositions may
be sterilized by membrane filtration, autoclaving, irradiation
and the like and may be stored in unit-dose or multi-dose
containers such as sealed vials or ampules. As a non-limiting
example, a dose pack may contain 3-5 vials for administra-
tion. The first injected initially at the office or at surgery then
the remaining vials to be administered over time, such as
periodically over weeks. In some instances, glucose may
form a portion of the delivery vehicle, whereupon release it
enhances the chondroreparative features of the composition.

Toxicity studies on human articular chondrocytes in cul-
ture were performed with cyanidin chloride, kuromanin chlo-
ride, delphinidin-3-O-glucoside, and pelargonidin chloride.
Each were non-toxic at concentrations up to 100 pM. Cyani-
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din chloride, kuromanin chloride, and delphinidin-3-O-glu-
coside induced cell death at concentrations at or above 200
uM. Thus, concentrations of about 100 uM or less are par-
ticularly preferred.

Methods of formulating pharmaceutical compositions are
generally known in the art and are applicable with the instant
invention. For instance, the active ingredients may be mixed
together with the pharmaceutically acceptable carrier or salt.
Thorough discussions of formulation development and selec-
tion of pharmaceutically acceptable carriers, stabilizers, col-
oring and flavoring agents and like can be found in a variety of
pharmaceutical texts known to those skilled in the art, such as
Remington’s Pharmaceutical Sciences (Mack Publishing
Co., Eaton, Pa.), the contents of which are herein incorpo-
rated by reference in its entirety.

Again, in some embodiments, the compositions of the
present invention are formulated in a sustained-release for-
mula to prolong the presence of the compounds in the treated
subject, generally for longer than one day. Many methods of
preparing sustained release formulations are known in the art
and are available in a variety of publications, including Rem-
ington’s Pharmaceutical Sciences, cited and incorporated by
reference above. In some instances, the anthocyanin or antho-
cyanidin and optionally glucose is trapped in semipermeable
matrices of solid hydrophobic polymers. The matrices can be
shaped into films, coatings, microcapsules or microspheres
and administered as known by those skilled in the appropriate
art. Any suitable ratio may be used, which may in part depend
on the desired matrix. As a nonlimiting example, the pharma-
ceutical may be provided with a biodegradable polymer
formed from about 85/15 or 50/50 D, L lactide/glycolide. The
matrices may be a variety from a variety of materials; solids
and meshes.

While the invention has been described in connection with
specific embodiments thereof, it will be understood that it is
capable of further modifications. Accordingly, it will be
appreciated by those skilled the art that the same can be
performed within a wide variety of parameters, concentra-
tions and conditions without departing from the spirit and
scope of the invention and without undue experimentation.

EXAMPLES
Example 1

Chondroprotective Effect of Kuromanin and
Cyanidin in Human Chondrocytes and Cartilage
Explants

The chondroprotective effect of kuromanin and cyanidin is
shown in human cartilage explants and in cultured chondro-
cytes. In summary, both kuromanin and cyanidin are effective
chondroprotective agents limiting the degradation of human
cartilage against the catabolic effects of IL.-1. In addition,
kuromanin and cyanidin may promote anabolism through
enhanced production of IGF-1 or by reducing suppression of
IGF-1.

Materials and Methods

Human osteoarthritic cartilage samples were procured
through the Tissue Procurement Facility of the University
Hospitals of Cleveland/Case Western Reserve University and
with prior approval of the IRB of University Hospitals of
Cleveland. The cartilage samples were obtained from patients
undergoing total anthroplasty of the knee due to degenerative
joint diseases. In all cases care was taken to use only “mac-
roscopically normal” cartilage samples. No samples were
exposed to radiation solely for the purpose ofthese studies but
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almost all patients will have received X-rays as part of their
clinical presentation during the execution of care. The same
donor tissue was not used in all experiments but untreated
controls were included in all protocols.

Cartilage explants. Full thickness cartilage slices (20-25
mg) were dissected from the cartilage using a sterile scalpel
blade. Four to five cartilage pieces that were approximately
equal in size and weight were transferred to each well of a
24-well, flat bottom plate (Nunc, Denmark) containing
DMEM:F12 (1:1) supplemented with antibiotics and 10%
FCS and cultured for 24 hours. Subsequently the cartilage
explants were cultured overnight in serum free media. The
cartilage explants were treated with IL-1f3 alone or with IL-1§
positive test agents for 72 hours in serum free media. Explants
cultured in the absence of IL-1f or test agents were used as
controls. Additionally, the actions of kuromanin or cyanidin
chloride were examined independently of IL-1[3 exposure (5
ng/ml.). Where appropriate, explants were exposed to test
agents 15 minutes prior to the treatment with IL-1f. Total
glycosaminoglycan present in the culture supernatant was
estimated as described below.

Primary Cultures of Human Chondrocytes. Chondrocytes
were prepared by the enzymatic digestion of knee cartilage,
as previously described. (Ahmed S et al., J Nutr 2005 135:
2096-2102). Chondrocytes were plated (1x10° cells/mL) in
35 mm culture dishes (BD, Mountain View, Calif.) and cul-
tured in DMEM:F12 (Mediatech, Herndon, Va.) supple-
mented with 10% FCS and 1% Penn:Strep for 72 hrs at 37° C.
and 5% CO, in a tissue culture incubator. Chondrocytes were
serum starved overnight and then exposed to either kuroma-
nin or cyanidin chloride (5 or 50 ug/mL), progrado (2 or 10
ug/ml.) alone or in combination in fresh serum-free medium
for 1 hr prior to the addition of IL-1p.

Real Time RT-PCR for IGF-1. Total cytoplasmic RNA was
prepared from primary cultures of human chondrocytes using
a commercially available kit according to the instructions of
the manufacturer (Qiagen, Valencia, Calif.). Real time quan-
titative RT-PCR with internal fluorescent hybridization
probes was performed as previously described (Ahmed S et
al., ECAM 2005 2:301-8) and the IGF-1 gene expression was
quantified using a commercially available Gene Expression
Assay kit (Applied Biosystems, CA). Expression of IGF-1
mRNA was normalized to B-actin mRNA expression, and the
results were expressed as fold induction relative to controls.

IGF-1 Production as Determined by ELISA. Human IGF-1
label in chondrocytes culture or cartilage explant media was
quantified using a commercially available Human IGF-1
ELISA kit (R& D Systems) per manufacturer’s directions.

Cartilage Breakdown as Determined by GAG Release. At
the end of culture period, the culture medium was collected
from each group. A 50 uL aliquot of collected supernatant
from each sample was utilized to estimate the total gly-
cosaminoglycan (GAG) concentration by a colorimetric
method employing a DMMB as previously described (Miller
M IS etal., BMC Complimentary and Alternative Med 2006
6; 13). Color intensity was read spectrophotmetrically at 535
nm using the Lambda 25 spectrophotometer (Perkin-Elmer,
CT) and the values were derived from a standard curve pre-
pared using different concentrations of chondroitin sulfate.
Results are expressed as micrograms of glycosaminoglycan
released per mg of cartilage tissue.

Results

Chondroprotection: Suppression of IL.-1 induced GAG
Release. IL.-1 induced gene expression and production of
MMPS that acts to breakdown the cartilage matrix. This
effect can be quantified in cartilage explants by the release of
GAG (glycosaminoglycans) into the culture media.
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Both kuromanin and cyanidin chloride were chondropro-
tective in this system at the doses used. There was no apparent
difference in potency or efficacy between kuromanin and
cyanidin chloride (see FIGS. 1 and 2). There is a suggestion
that the highest dose of kuromanin tested possessed some
catabolic effects that may reflect cell toxicity.

Referring to FIGS. 1 and 2, IL-1 promoted cartilage
catabolism and this effect was blocked with both kuromanin
and cyanidin chloride. There was a tendency for the high dose
of kuromanin to promote GAG release under basal condi-
tions, an effect not evident with cyanidin chloride where
chondroprotection was evident. Kuromanin was abbreviated
as KuCl (FIG. 1) and the non-glycosylated control cyanidin
chloride was abbreviated as CCl (FIG. 2).

Expression of IGF-1 in Human Chondrocytes. Referring to
FIGS. 3 and 4, IL-1 suppressed IGF-1 gene expression by
approximately 40%. When IL-1 was administered with kuro-
manin at 5 or 50 ug/mL there was no further changing in this
pattern, with IGF-1 gene expression in chondrocytes remain-
ing depressed. A similar pattern was noted with cyanidin with
the exception that the 50 ug/mL does was clevated above
control. Performed in duplicate this response seems to be
anomalous. Indeed it is consistent with the inherent suppres-
sive effects of 50 ug/mL of cyanidin.

IGF-1 Protein Production from Cultured Chondrocytes.
Media levels of IGF-1 were measured by ELISA. Exposure to
IL-1 resulted in a reduction of IGF-1 production. When IL-1
was administered with kuromanin there was a restoration of
IGF-1 production. When IL.-1 was administered with kuro-
manin there was a restoration of IGF-1 production at the low
dose (5 ug/mL) but no effect over IL.-1 with the high dose of
50 ug/mL. Additionally, the high dose alone of kuromanin
reduced IGF-1 protein levels in the media to a similar level as
to that seen with IL-1. With cyanidin there was no restoration
of media IFG-1 levels with either dose and the high dose of
cyanidin reduced IGF-1 production from control values. In
general the effects of cyanidin and kuromanin on chondro-
cytes production of IGF-1 were consistent with their effects
on IGF-1 mRNA levels (transcription). However, to evaluate
the response, further the study was repeated in cartilaginous
explants.

IGF-1 Production from Cultured Human Chondrocytes.
IGF-1 production was determined in the explant media by
ELISA. Chondrocytes were treated with IL.-1 in the presence
and absence of kuromanin or cyanidin (FIGS. 5 and 6 respec-
tively). Reduced production of IGF-1 was found in cultured
chondrocytes treated with either kuromanin or cyanidin.

IGF-1 Production in Explants of Human Cartilage. IGF-1
levels in media from human cartilage explants were treated
with IL-1 and/or kuromanin (FIG. 7) or cyanidin (FIG. 8). In
explants treated with cyanidin, there was restoration of con-
trol IGF-1 production despite the presence of IL.-1 with low
dose cyanidin (5 ug/mL) but no benefit was observed with
high dose cyanidin (50 ug/mL). In contrast to kuromanin;
however, high dose cyanidin did not express basal IGF-1
production in explants (FIG. 8), although both reduced pro-
duction in cultured chondrocytes (see FIGS. 5 and 6).

Example 2

Kuromanin Protects and Promotes Cartilage
Metabolism in Bovine Cartilage Explants in the
Presence of IL-1

After exposure of control bovine cartilage explants to kuro-
manin chloride increased production of mucopolysaccha-
rides was observed. When preincubating bovine cartilage
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with IL-1 to form damaged tissue, the addition of kuromanin
increased production of mucopolysaccharides.
Materials and Methods

Bovine cartilage explants were placed in culture including
10% FCS and Vitamin C. IL-1 was added to a test population
and IL-1 was not added to control. Explants were cultured for
24 hours. Kuromanin chloride was then added to each culture.
Mucopolysaccharides were measured using radioactive 35
Sulfur uptake.
Results

In each instance, kuromanin treatment resulted in an
increase of mucopolysaccharide.

Example 3

Effect of Anthocyanin Treatment on Osteoarthritic
Cartilage

The effect of cyanidin chloride with and without glucose
was tested for its effect on reducing changes seen in osteoar-
thritis.

Cyanidin alone had an inconsistent effect on bovine carti-
lage explants at a dose of 500 uM but no effect on human OA
explants. Increasing glucose concentration to 0.45% had a
beneficial effect, but higher glucose dose (2.5% and 5%)
reduced matrix synthesis. Combining cyanidin and glucose
did not have significant synergistic effect.

Materials and Methods

Tissue Source and Harvest. Bovine cartilage explants (full
thickness, 6 mm in diameter) were harvested from fresh
femoral condyles. Human osteochondral plugs were har-
vested using 6 mm ostochondral grafting donor tool (Arthrez
1981-068, Naples, Fla.) from femoral condyles retrieved
from total knee arthroplasty surgery that had been stored in
DMEM at 20 degrees C. for less than 24 hours. Full-thickness
cartilage explants were cut from the subchondral bone. Each
of the 6 mm cartilage disks were divided into 4 equal quad-
rants. Each quadrant was placed in a different experimental
group. This allowed for a paired comparison and controlled
for differences in grade of arthritis, thickness of cartilage, cell
density, etc. The explants were washed 4-5 times with
DMEM with 10% calf serum and were allowed to stabilize for
24 hours in a tissue culture incubator. Explants were then
serum starved (0.1% calf serum) for 24 hours prior to com-
mencement of cyanidin chloride treatment.

Anthocyanin treatment. 3 mL fresh media with 20 uCi/mL
of *3S-labeled sodium sulfate (NEX0414 Perkin Elmer, Bos-
ton, Mass.) (DMEM with 10% CS) was added to each of the
explants along with 30 ul. of 50 mM stock cyanidin chloride
(MW 322.7 g/mole) solution (diluted in DMSO) (Chromadex
Inc., Irvine, Calif.) to give the final cyanidin chloride concen-
tration of (200 or 500 uM) in culture. Explants were subjected
to cyanidin chloride treatment for 48 hours.

Radioisotope Uptake Measurement. Radioactive media
was aspirated after 48 hours and explants were washed in
ice-cold 1xPBS for 10 minutesx3. Each cartilage explant
quadrant was blotted dry and was placed in 500 ulL of 2
mg/mL Proteinase K (Fisher Scientific, Fair Lawn, N.J.) in
TE Buffer solution (10 mM Tris, 1 mM EDTA) and was
allowed to rotate at 57 degrees C. for 24 hours in a hybrid-
ization oven until completely dissolved. Quantification of
3>S-labeled proteoglycans complexed to alcian blue by rapid
filtration in multiwall plates was adopted and modified from
Masuda et al Anal. Biochem 1994; 217:167-75. 75 uL. of
dilution buffer (50 mM Sodium Acetate pH 5.8. 0.5% Triton
X-100) was added to each well of a 96 well plate (Millipore
Multiscreen 96-well filtration system, Millipore, Billerica,
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Mass.) 25 ulL of each digested cartilage explant sample was
then loaded followed by 150 uL. of 0.2% alcian blue solution
(Alcian Blue 8GX electrophoresis grade, Sigma-Aldrich Inc.,
St. Louis Mo.) and was allowed to rotate for 1 hour at room
temperature. The 96-well plate was then placed over a
vacuum-manifold to aspirate the contents of the wells through
the screen. The 3x200 uL. vacuum washes with wash buffer
(50 mM sodium acetate pH 5.8, 100 mM sodium sulfate, 50
mM MgCl,) were then performed. The 96-well filtration plate
was then completely dried at 57 degrees C. for 5 minutes in a
hybridization oven and was exposed to storage phosphor
screen for 24 hours (Packard Instrument Company Inc., Meri-
den. Conn.). Phosphorimaging with Cyclone model A431200
(Packard Instrument Company Inc. Meriden, Conn.) was per-
formed to quantify *°S uptake by proteoglycans. S uptake
by proteoglycans in cartilage explants was normalized to
DNA by Quant-iT ds DNA Assay Kit (Invitrogen Inc., Carls-
bad Calif.).

Results

Effect of anthocyanins on normal cartilage. The effect of
cyanidin on bovine cartilage explants was tested. The dose
response was also determined. Cartilage explants were
treated with IL-1 (50 ng/ml) for 24 hours. IL-1 reduces
matrix synthesis and induces an inflammatory respond simi-
lar to osteoarthritis. Explants were then treated with cyanidin
chloride at either 200 or 500 uM concentration for 24 hours.
Matrix synthesis was monitored by measuring uptake of >°S.
Although the initial experiment was promising (FIG. 9), we
could not reproduce this effect in several subsequent experi-
ments (2 representative results are shown in FIGS. 10 and 11).

Effect of glucose concentration and anthocyanins. Bovine
explants were initially subjected to IL-1 treatment for 24
hours. Explants were then treated with 500 uM cyanidin
chloride in a low glucose (1 g/L.) or high glucose concentra-
tion (4.5 g/L). Overall the combination of cyanidin treatment
and high glucose increased matrix synthesis the most (FIG.
12). The higher the glucose concentration increased matrix
synthesis by 10%. The cyanidin treatment had small effect
under low glucose conditions, but the effect was nearly 20%
greater in the high glucose condition.

Effect of anthocyanins on osteoarthritic human cartilage.
IL-1 treatment mimics some of the biochemical effects of
arthritis. However, for clinically relevant validation, and to
avoid any effect due to different species, we chose to use
human osteoarthritic cartilage for the next series of experi-
ments. Cyanidin did not increase matrix synthesis in human
OA tissue (FIG. 13).

Effect of supraphysiologic glucose concentration.
Reported clinical experiments indicate that 10% dextrose
injected in the joint can have a therapeutic effect on osteoar-
thritis. To test this effect, human osteoarthritic cartilage
explants (Grade II) were treated with glucose at physiologic
(0.45%) or were treated with supraphysiologic (2.5% and
5%) concentrations with 500 uM cyanidin chloride. At 0.45%
glucose concentration cyanidin chloride had no effect on
matrix synthesis. Supraphysiologic glucose concentration
suppressed matrix synthesis (probably because of the
increased osmolar tension (FIG. 14).

Example 4

Glucose Concentration Increases IGF-1 Expression
from the Synovial Membrane

There is some clinical evidence to suggest that 10% dex-
trose injected into a joint may have a therapeutic effect on
osteoarthritis. We hypothesized that the increased sugar con-

20

25

30

35

40

45

50

55

60

65

28

centration may stimulate the synovium cells to secrete ana-
bolic growth factors that would have a therapeutic effect on
degenerating cartilage. To test this hypothesis we harvested
synovial tissue from patients undergoing total knee arthro-
plasty and exposed it to different concentrations of glucose.
We selected IGF-1 as the most likely to respond to glucose
and measured gene expression as well as protein release in the
culture media.

Increasing glucose concentration consistently increased
IGF-1 gene expression in synovial tissue. Increasing glucose
concentration increased IGF-1 secretion in synovial tissue,
but in a donor dependent fashion.

Materials and Methods

Tissue source and harvest. Synovial explants (N=6) were
harvested from human donors undergoing either uni-com-
partmental or total knee replacement. In all but the first
experiment, the specimens were trimmed of extraneous adi-
pose tissue and washed in low glucose DMEM (1 g/L.). The
specimens in the first experiment were not trimmed of excess
adipose tissue and were washed in high-glucose DMEM (4.5
g/L).

Glucose treatment. In the first experiment (n=2), the speci-
mens were cultured for 48 hours in 0.1% calf serum and either
high- or low-glucose DMEM. In the second tow experiments
(n=4), the specimens were cultured for 48 hours in serum-free
ITS (Insulin, Transferrin, Selenium) media diluted with either
high- or low-glucose DMEM.

IGF-1 gene expression. Briefly, total RNA was extracted
from synovial tissue using RNeasy Total RNA Kit (Qiagen,
Inc., Santa Clarita, Calif.). Real-time quantitative RT-PCR
was done using Tagman RT-PCR reagents (Applied Biosys-
tems, Foster City, Calif.). Expression of IGF-1 was normal-
ized to that of the housekeeping gene GAPDH.

IGF-1 ELISA. Human IGF-1 protein secretion into the
culture media was measured by ELISA (RD Systems, Min-
neapolis, Minn.). Synovial culture media was centrifuged to
remove any particulates. Controls and samples were added to
ELISA wells which were pre-coated with a monoclonal anti-
body specific for IGF-1. Any IGF-1 present would be
expected to be bound by the immobilized antibody. After
washing away any unbound substances, an enzyme-linked
polyclonal antibody specific for IGF-1 was added to the
wells. Following a wash to remove any unbound antibody-
enzyme reagent, a substrate solution was added to the wells.
The medial developed a color intensity in proportion to the
amount of IGF-1 bound in the initial step. Optical density of
each well was determined by using a microplate reader set to
450 nm. IGF-1 activity obtained by serial dilution of known
protein concentrations.

Results

Increasing glucose concentration increases IGF-1 gene
expression. We tested the effect of glucose concentration on
synovial tissue explants in three separate experiments (three
donors). Synovial tissue explants were treated with media
containing either low (1 g/I) or high glucose (4.5 g/L)) in
media for 48 hours. In all three donors, glucose concentration
increased IGF-1 gene expression by up to 5 fold. Results are
summarized in FIG. 15.

Increasing glucose concentration increases IGF-1 secre-
tion. We tested the effect of glucose concentration on synovial
tissue explants in 6 separate experiments (6 donors) Synovial
explants were treated with media containing either low (1
g/L) or high glucose (4.5 g/L.) in media for 48 hours. On
average, IGF-1 levels in media more than doubled. However,
we noted a donor-dependent response to glucose concentra-
tion. In two donors, glucose concentration had no effect on
IGF-1 protein release in media, while four donors there was a
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significant response. Since the tissue came from patients
undergoing knee arthroplasty, disease status may play a role.
The tissue that responded the most to high glucose (5x
increase) came from a donor undergoing unicompartmental
arthroplasty and appeared the healthy on visual examination.
Results are summarized in FIG. 16.

Example 5
Chondrocyte Toxicity Response to Anthocyanins

Anthocyanins have been shown to have antioxidant effect.
Some clinical evidence also suggests that 10% dextrose
injected into a joint may have a therapeutic effect on osteoar-
thritis. In previous experiments, we tested the effects of cya-
nidin chloride, kuromanin chloride, and 10% dextrose on
glycosaminoglycan synthesis rates of bovine chondrocytes
suspended in agarose gels. In those experiments, the dose of
anthocyanin was arbitrarily chosen. This experiment was
designed to assess the cellular toxicity of a range of doses for
selected anthocyanin compounds. The objective was to iden-
tify the potential range of therapeutic doses in human chon-
drocytes.

Cyanidin chloride, Kuromanin chloride, Delphinidin-3-O-
Glucoside, and Pelargonidin Chloride were non-toxic at con-
centrations up to 100 uM. Cyanidin chloride, Kuromanin
chloride, and Delphinidin-3-O-Glucoside induced cell death
at concentrations at or above 200 uM.

Materials and Methods

Cell source. Chondrocytes were isolated from non-arthritic
regions of adult human articular cartilage (N=3 donors) and
expanded in tissue culture flasks in DMEM supplemented
with 10% calf serum.

Anthocyanins. The following compounds were provided
by Chromadex, Inc and tested from 1 uM to 500 uM:

1. Cyanidin chloride

2. Kuromanin chloride

3. Delphinidin-3-O-Glucoside

4. Pelargonidin Chloride

MTT assay. Human articular chondrocytes were seeded in
96-well culture trays at a density of 5000 cells/well and incu-
bated with the selected concentration of the anthocyanin for 4
days. At the end of the 4 day period, fresh MTT (3-(4,5-
Dimethylthiazol-2-y1)-2,5-diphenyltetrazolium  bromide)
was made in PBS and filter sterilized. MTT (25 pl per well)
was added to the cell culture and incubated for 5 hours in the
CO, incubator at 37° C. Yellow MTT is reduced to purple
formazan in living cells. The supernatant from each well was
removed, and 200 pl of DMSO was added. A multi-channel
pipette was used to dissolve crystals. The microplate was
placed back into the incubator at 37° C. for 5 min. Formazan
levels in each well were read using a spectrophotometer at
550 nm wavelength.

Cell viability. At higher concentrations, the color of the
anthocyanin interfered with the spectrophotometer reading;
therefore, cell viability was additionally measured with cal-
cein staining as follows: Live and dead cells were simulta-
neously viewed in situ with a confocal microscope (LSM 510;
Zeiss, Wetzlar, Germany), using a fluorescent double stain.
Calcein AM (1 uM; Invitrogen, Carlsbad, Calif.), a fluores-
cein derivative that is metabolized by nonspecific esterase
present in viable cells, was used to stain live cells. The use of
8 uM ethidium homodimer (Invitrogen), a nucleic acid stain
that is excluded by intact cell membranes, enabled visualiza-
tion of the nuclei of dead cells. After 96-hour exposure to the
appropriate concentration of anthocyanins, chondrocytes
were cultured in DMEM supplemented with Calcein AM and
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ethidium homodimer for 45 minutes. Live and dead cells were
counted using an automated image analysis script written in
Matlab (MathWorks, Natick, Mass.) to measure percentage
cell viability.

Results

No significant cellular toxicity was found at up to 100 uM
concentration (MTT assay). We tested the effect of anthocya-
nin concentration for 96 hours on cells obtained from three
donors (FIG. 17). At concentrations greater than 100 uM the
anthocyanin changed the color of the media and interfered
with the MTT assay reading; therefore, these results are not
reported.

Cell viability was found to decrease at concentrations
greater than 100 uM concentration. We exposed cells to vari-
ous concentrations of anthocyanins up to 500 uM for 96
hours. At concentrations greater than 100 pM, the anthocya-
nin significantly reduced cell viability (FIG. 18). Cyanidin
chloride appeared the most toxic, completely reducing cell
viability at 500 uM. Delphinidin-3-O-glucoside appeared the
least toxic at 200 uM among the compounds tested. Cell
viability on exposure to Pelargodinin chloride was not tested
because of insufficient quantity.

Example 6

Anthocyanins Detected in Urine but not in Joint after
Consumption of Superberries Extract

In a published news release, Frei indicated that flavonoids
are highly metabolized in the body for rapid excretion in the
urine and bile, which alters their chemical structure and
diminishes their ability to function as an antioxidant and thus
are treated as foreign compounds. (see Background above).
Since itis an object of the invention to expose the composition
to the synovial joint, anthocyanins were ingested orally and
measured after one hour from urine and synovial fluid.

Anthocyanins were detected in the urine but not the syn-
ovial fluid. This suggests that there may be a blood synovial
barrier to the agent or that the material rapidly metabolized.
Materials and Methods.

A patient suffering from knee pain was orally administered
chokeberry extract, which contains anthocyanins, after a 10
hour fast. After 1 hour, both urine and synovial fluid was
collected and analyzed for the presence of various anthocya-
nins.

Results

Anthocyanins were detected in urine but not knee joint.
Accordingly, consistent with Frei it is concluded that the
anthocyanins were transported from the gut to the kidneys for
rapid excretion. Thus, oral administration of anthocyanin
would likely require further modification to form an effective
oral medication.

Example 7

Effect of Anabolic and Anti-Arthritic Activities of
Anthocyanins

Anthocyanins have been shown to have antioxidant effect.
Clinical evidence also suggests that 10% dextrose injected
into a joint may have a therapeutic effect on osteoarthritis. In
previous experiments, we tested the effects of cyanidin chlo-
ride, kuromanin chloride, and 10% dextrose on glycosami-
noglycan synthesis rates of bovine chondrocytes suspended
in agarose gels. In those experiments, the dose of anthocyanin
was arbitrarily chosen and later found to be in the range that
could be cytotoxic. Subsequently we followed up with experi-
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ments to assess the cellular toxicity of a range of doses for
selected anthocyanin compounds and identified the highest
concentration that was not cytotoxic to human chondrocytes.

In this study we conducted experiments in three models. In
one model we analyzed the anabolic effect of anthocyanins on
chondrocytes by measuring matrix synthesis rates. In the
second model we analyzed the anti-arthritic effect of antho-
cyanins. [L-1 is a known catabolic cytokine, is highly upregu-
lated in arthritis, and has been implicated as a major factor in
cartilage degeneration. IL-1 suppresses matrix synthesis and
increases the degradation of existing matrix. By measuring
matrix synthesis rates after IL-1 treatment we assessed the
effect of anthocyanins in restoring these synthesis rates to
normal. TGF-§ is one of the most powerful chondrogenic
stimuli and significantly increases matrix synthesis rates.
With aging there is a substantial reduction in the response to
TGF-f. In the third model we determined whether anthocya-
nins had synergistic effects with TGF-f.

We explored broad therapeutic applications for anthocya-
nins. An anabolic effect on cartilage would be relevant for
increasing the health of cartilage, as a preventive measure for
cartilage degeneration, and as an adjunct to cartilage repair
and regenerative procedures. An anti-arthritic effect would be
directly applicable to the treatment of osteoarthritis. A syn-
ergistic effect with growth factors might have therapeutic
value in reversing degeneration with aging.

In summary the anthocyanins had no effect on matrix syn-
thesis at 6 hours, delphinidin-3-O-glucoside had an anti-ar-
thritic effect at 12 and 24 hours, and kuromanin chloride had
a synergistic effect on matrix synthesis rates at 24 hours when
combined with TGF-f.

Materials and Methods

Cell source. Chondrocytes were isolated from weight-
bearing regions of young (18-30 months old) bovine femoral
condyles. Primary cells were obtained from 3 different ani-
mals and suspended in beads of 2% alginate. The alginate
beads were precultured in DMEM supplemented with 10%
calf serum for 48 hours. Before the experiments, the chon-
drocytes were serum-starved overnight with 0.1% serum to
reduce the effect of serum and to reduce anabolic activity to
baseline.

Anthocyanins. The following compounds were used:

Cyanidin chloride (100 uM)

Kuromanin chloride (100 uM)

Delphinidin-3-O-Glucoside (100 uM)

Matrix synthesis rate. For each treatment condition, 10
millicuries of *°S was added to each well and incubated for
the appropriate duration. At the appropriate harvest time
point, each well was then washed extensively with PBS (5-6
times with 500 pl. of PBS), before trypsin and EDTA was
added to dissolve alginate. After 20-30 minutes, the dissolved
gels and released cells were transferred into 1.5 ml Eppendorf
tubes with 150 pulL of calf serum (to promote pellet formation)
and the cells were centrifuged at 2000 rpm for 5 minutes. The
supernatant was removed via pipette without disturbing the
cell pellet. The remaining cell and supernatant (approxi-
mately 300 pl.) was then mixed with 500 pl. of PBS and
transferred to scintillation vials, to which 5 ml of scintillation
fluid was dispensed. Each scintillation vial was capped, thor-
oughly vortexed and then placed in a gamma counter to mea-
sure gamma radiation emission for each sample. Each sample
was measured for 5 minutes.
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TABLE 2

Anabolic Effect

Experimental Groups 358 uptake
Control 6 hours 12 hours 24 hours
Cyanidin chloride 6 hours 12 hours 24 hours
Kuromanin chloride 6 hours 12 hours 24 hours
Delphinidin-3-O-Glucoside 6 hours 12 hours 24 hours
TABLE 3
Anti-arthritic Effect
Experimental Groups 358 uptake
Control + IL-1 5 ng/mL 6hours 12 hours 24 hours
Cyanidin chloride + IL-1 5 ng/mL 6hours 12 hours 24 hours
Kuromanin chloride + IL-1 5 ng/mL 6hours 12 hours 24 hours
Delphinidin-3-O-Glucoside + 6hours 12 hours 24 hours
IL-1 5 ng/mL
TABLE 4
Growth Factor Synergy

Experimental Groups 358 uptake

Control + TGF-p 10 ng/mL 24 hours

Cyanidin chloride + TGF-p 10 ng/mL 24 hours

Kuromanin chloride + TGF-f 10 ng/mL 24 hours

Delphinidin-3-O-Glucoside + TGF-p 10 ng/mL 24 hours

Results

Referring to FIG. 19a, No significant increase in matrix
synthesis rates with anthocyanin treatment was noted at 6
hours. (Al: Cyanidin chloride, A2: Delphinidin-3-O-gluco-
side, A3: Kuromanin Chloride, Cnt=no anthocyanins, C=no
1L1, IL1=Interleukin 1a, T=TGF-p).

Referring to FIG. 195, IL-1 treatment suppressed matrix
synthesis rates by 12 hours. Delphinidin-3-O-glucoside
reversed the effect of IL-1 suppression on matrix synthesis
rates. (Al: Cyanidin chloride, A2: Delphinidin-3-O-gluco-
side, A3: Kuromanin Chloride, Cnt=no anthocyanins, C=no
1L1, IL1=Interleukin 1a, T=TGF-p)

Referring to FIG. 19¢, IL-1 treatment suppressed matrix
synthesis rates by 24 hours. Delphinidin-3-O-glucoside
reversed the effect of IL-1 suppression on matrix synthesis
rates. (Al: Cyanidin chloride, A2: Delphinidin-3-O-gluco-
side, A3: Kuromanin Chloride, Cnt=no anthocyanins, C=no
1L1, IL1=Interleukin 1a, T=TGF-p)

Referring to FIG. 20, Kuromanin Chloride had a synergis-
tic effect on matrix synthesis rates when combined with TGF-
B. (Al: Cyanidin chloride, A2: Delphinidin-3-O-glucoside,
A3: Kuromanin Chloride, Cnt:=no anthocyanins, T: TGF-f).

Example 7

Effects of Glucose and Anthocyanin on IGF-1 in
Synovium

There is some clinical evidence to suggest that 10% dex-
trose injected into a joint may have a therapeutic effect on
osteoarthritis. We hypothesized that the increased sugar con-
centration may stimulate the synovium cells to secrete ana-
bolic growth factors that would have a therapeutic effect on
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degenerating cartilage. To test this hypothesis we harvested
synovial tissue from patients undergoing total knee arthro-
plasty and exposed it to different concentrations of glucose.
We selected insulin-like growth factor as the most likely to
respond to glucose and measured gene expression as well as
protein release in the culture media.

In addition, there is evidence in the literature that various
Anthocyanins trigger the release of insulin from the kidney.
We hypothesized that, due to the various overlaps in the
glucose-insulin-IGF pathway, Anthocyanins may also have
similar effects on IGF-1 in the synovium.

Although not shown, the cycles of IGF-1 gene expression
analyzed by PCR were in the 30’s, compared to the house-
keeping gene GAPDH, which was in the teens. Thus, the
IGF-1 gene is expressed in the synovium, albeit at low levels.
Higher levels of IGF-1 protein were found in the media with
larger and better quality samples. The most consistent
increase in IGF-1 protein expression is with High Glucose
alone. It appears that anthocyanins can increase the level of
IGF-1 protein or gene expression. However, which anthocya-
nin and whether it is improved with the addition of glucose
remains currently undefined.

Materials and Methods

Tissue source and harvest. Synovial explants (n=6) were
harvested from human donors undergoing total knee replace-
ment. The specimens were trimmed of extraneous adipose
tissue. In the two experiments, the synovial specimens were
washed in low-glucose DMEM (1 g/L) for a few hours and
then placed in the assigned treatment groups. In subsequent
experiments the synovial specimens were washed in low-
glucoses DMEM for 24 hours before treatment.

Treatment groups. In all experiments (n=4), the specimens
were cultured for 48 hours in serum-free [TS (Insulin, Trans-
ferrin, Selenium) media diluted with either high- or low-
glucose DMEM. In addition, various anthocyanins were
added to both the high- and low-glucose groups. Low-glucose
alone acted as a control group. After the two experiments, the
level of media was adjusted relative to the weight of the tissue.

IGF-1 gene expression. Briefly, total RNA was extracted
from synovial tissue using RNeasy Total RNA Kit (Qiagen
Inc., Santa Clarita, Calif.). Real-time quantitative RT-PCR
was done using Tagman RT-PCR reagents (Applied Biosys-
tems, Foster City, Calif.). Expression of IGF-1 was normal-
ized to that of the housekeeping gene GAPDH. The results of
IGF-1 gene expression are only presented if detectable levels
of low glucose alone were present and able to serve as a
control group for relative-fold change in expression.

IGF-1 ELISA. Human IGF-1 protein secretion into the
culture media was measured by ELISA (R & D Systems,
Minneapolis, Minn.). Synovial culture media was centri-
fuged to remove any particulates. Controls and samples were
added to ELISA wells which were pre-coated with a mono-
clonal antibody specific for IGF-1. Any IGF-1 present would
be expected to be bound by the immobilized antibody. After
washing away any unbound substances, an enzyme-linked
polyclonal antibody specific for IGF-1 was added to the
wells. Following a wash to remove any unbound antibody-
enzyme reagent, a substrate solution was added to the wells.
The media developed a color intensity in proportion to the
amount of IGF-1 bound in the initial step. Optical density of
each well was determined by using a microplate reader set to
450 nm. IGF-1 concentration in the sample was calculated by
a standardized curve of IGF-1 activity obtained by serial
dilution of known protein concentrations.

Results

Referring to FIG. 21, the predicted level of IGF-1 using 7

ml of media per sample regardless of sample weight. It
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appears that high Glucose plus Cyanidin has the highest
IGF-1 protein levels in this experiment.

Referring to FIG. 22, the levels of IGF-1 protein with
volume levels titrated to match the weight of the tissue. In this
experiment, the two anthocyanins (Kuromanin and Cyanidin)
combined with low glucose had the greatest effect. The effect
of the anthocyanins in high glucose appear to be inhibitory.

Referring to FIG. 23, the levels of IGF-1 protein with
volume levels titrated to match the weight of the tissue. The
highest level of IGF-1 protein was found with High Glucose
alone, reaching above 2.00 ng/ml.

Referring to FIG. 24, the relative-fold change in IGF-1
gene expression for each sample was compared to low glu-
cose alone. High glucose alone had over 4-fold greater
expression than low glucose alone. Kuromanin showed 3-fold
greater expression in the presence of low glucose. In the
presence of high glucose, the effect of Kuromanin appears to
be inhibitory.

Referring to FIG. 25, the levels of IGF-1 protein with
volume levels titrated to match the weight of the tissue. The
highest level of IGF-1 protein was found with High Glucose
alone.

Referring to FIG. 26, the levels of IGF-1 protein with
volume levels titrated to match the weight of the tissue. This
particular experiment used lower concentrations of anthocya-
nins (5 mM vs previous 50 mM). The highest level of IGF-1
protein was found with Cyanidin in the presence of low
glucose and with High Glucose alone.

Referring to FIG. 27, the relative-fold change in IGF-1
gene expression for each sample was compared to low glu-
cose alone. The highest expression levels were found with the
Cyanidin in the presence of high glucose and High Glucose
alone with a sample that appeared grossly inflamed and
“more reactive” (RH).

Referring to FIG. 28, the relative-fold change in IGF-1
gene expression for each sample compared to low glucose
alone. Only High and Low Glucose were run, as the sample
was out of media for several hours from the OR and thus
initial assays were run to save time and expense. High Glu-
cose alone appears to have a 12-fold increase in IGF-1 gene
expression.

What is claimed is:

1. A method of treating an arthritic joint of a subject,
comprising:
a) excising synovial villi from a synovial capsule of a joint;
b) culturing by combining the synovial villi with a compo-
sition comprising an anthocyanin and optionally glucose
or an anthocyanidin and optionally glucose; and

¢) introducing the cultured synovial villi to the arthritic

joint.

2. The method according to claim 1, wherein the synovial
villi are excised by selective excision of finger-like projec-
tions from an underlying synovial capsule.

3. A method of treating an arthritic joint of a subject,
comprising:

a) excising synovial villi from a synovial capsule of a joint

to provide an explant;

b) introducing the explant to the arthritic joint; and

¢) administering a composition intra-articularly to the

arthritic joint, wherein the composition comprises an
anthocyanin and optionally glucose or an anthocyanidin
and optionally glucose.
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4. A method of treating an arthritic joint of a subject,

comprising:

a) harvesting mesenchymal stem cells from synovium;

b) culturing the stem cells with a composition comprising
an anthocyanin or anthocyanidin; and optionally glu-
cose; and

¢) introducing the cultured stem cells to the arthritic joint.

5. A method for increasing expression of IGF-1 in a carti-

lage explant, comprising providing a cartilage explant from a
patient suffering from osteoarthritis and administering to the

36

explant a composition comprising an anthocyanin and glu-
cose or an anthocyanidin and glucose.

6. The method according to claim 5, wherein the anthocya-
nin is selected from the group consisting of, delphinidin
3-glucoside and kuromanin; and wherein the anthocyanidin is
selected from the group consisting of cyanidin, delphinidin,
pelargonidin, malvidin and petunidin.



