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METHODS AND COMPOSITIONS FOR 
PROMOTING BONE AND JOINT HEALTH 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This patent application is a Divisional of US. Ser. 
No. 12/048,613, ?led on Mar. 14, 2008, Which claims priority 
to US. provisional application Ser. No. 60/918,727, ?led on 
Mar. 19, 2007. The contents of each of these earlier applica 
tions are hereby incorporated by reference as if recited herein 
in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates generally to methods 
and compositions that can be used to promote bone and joint 
health through amelioration, stabilization or repair of damage 
associated With various pathophysiological conditions. 
[0004] 2. Description of the Related Art 
[0005] Millions daily suffer damage to joint and bone tis 
sues, either from the normal bumps and bruises of every day 
life or as a result of various disease conditions. Osteoarthritis, 
rheumatoid arthritis, and osteoporosis represent the most 
prevalent diseases in?uencing bone and joint health. Further 
more, other diseases not generally associated With bone or 
joint health, such as systemic lupus erythematosus, for 
example, may have elements affecting bones or joints struc 
ture and function. 
[0006] Osteoarthritis (OA) is an age-related joint disorder 
that affects more than 40 million Americans (Hinton et al, 
“Osteoarthritis: Diagnosis and therapeutic considerations.” 
Am Fam Physician. 65:841-8, 2002; LaWrence et al, “Esti 
mates of the prevalence of arthritis and selected musculosk 
eletal disorders in the United States.” Arthritis Rheum. 
411778-99; 2004). The disease affects the entire joint struc 
ture, and is characterized pathologically by focal areas of 
articular cartilage loss in synovial joints, varying degrees of 
osteophyte formation (bony outgroWths at the cartilage mar 
gins), subchondral bone change, and synovitis. Although OA 
Was historically regarded solely as a degenerative form of 
arthritis, there is increasing evidence for in?ammation as a 
vital component of OA. Signs of synovial in?ammation are 
present in the many symptoms of OA: joint sWelling and 
effusion, stiffness and occasional redness, especially at proxi 
mal and distal interpharyngeal joints. Further, elevated levels 
of in?ammatory cytokines (interleukin-1 beta [IL-16] and 
tumor necrosis factor alpha [TNFot]) have been observed in 
OA synovial ?uid. These cytokines, Which are primarily syn 
thesized by chondrocytes, appear to play a major part in the 
destruction of cartilage tissue through the induction of matrix 
metalloproteinases (MMPs), nitric oxide (NO) and prostag 
landin E2 (PGE2). (see, for example, Dieppe & Lohmander, 
“Pathogenesis and management of pain in osteoarthritis.” 
Lancet. 3651965-73; 2005; Felson et al, “Osteoarthritis: NeW 
insights”.Ann Intern Med. 1331635-46; 2000; Goldring, “The 
role of the chondrocyte in osteoarthritis.” Arthritis Rheum. 
4311916-26; 2000; van der Kraan & van der Berg, “Anabolic 
and destructive mediators in osteoarthritis.” Curr Opin Nutr 
Metab Care. 31205-11; 2000; Pelletier et al, “Osteoarthritis, 
an in?ammatory disease: Potential implication for the selec 
tion of neW therapeutic targets.” Arthritis Rheum. 4411237 
47; 2001; Iannonne F, Lapadula G. “The pathophysiology of 
osteoarthritis.” Aging Clin Exp Res. 151364-72; 2003). 
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[0007] Rheumatoid arthritis (RA) is a systemic in?amma 
tory disorder that affects 1% of the American population, and 
approximately three times as many Women as men are 

affected by this disorder. RA, Which can be a self-limiting 
condition or a debilitating chronic disease leading to joint 
destruction and deformity, is characterized by joint in?am 
mation, and the predominant symptoms include pain, stiff 
ness and sWelling of peripheral joints. (see, for example, Lee 
D M, Weinblatt M E. “Rheumatoid arthritis”. Lancet. 3581 
903-11; 2001; Rind?eisch J A, Muller D. “Diagnosis and 
management of rheumatoid arthritis.” Am Fam Physician. 
7211049-50; 2005; and Doan T, and Massarotti E. “Rheuma 
toid arthritis: An overvieW of neW and emerging therapies.” J 
Clin Pharmacol. 451751-62; 2005). 
[0008] The sequence of events in RA is thought to be ini 
tiated by CD4+ T cells, Which upon recognizing arthritogenic 
antigens in synovial tissue, activate macrophages, monocytes 
and synovial ?broblasts. The activated macrophages, mono 
cytes and synovial ?broblasts then secrete numerous in?am 
matory cytokines like interleukin-1 (IL-1), IL-6 and tumor 
necrosis factor 0t; in addition, these activated cells also secrete 
matrix metalloproteinases, Which are responsible for the pro 
teolytic breakdown of bone and cartilage tissue. Other media 
tors of in?ammation induced by the pro-in?ammatory cytok 
ines, and Which contribute to the pathology in affected joints 
include prostaglandin E2 (PGE2) and nitric oxide. (see, for 
example, Lee D M, Weinblatt M E. “Rheumatoid arthritis.” 
Lancet. 3581903-11; 2001 ; Bingham 3rd CO. “The pathogen 
esis of rheumatoid arthritis: Pivotal cytokines involved in 
bone degradation and in?ammation.” J Rheumatol. 29 (suppl 
65)13-9; 2002; and Doan T, and Massarotti E. “Rheumatoid 
arthritis: An overvieW of neW and emerging therapies.” J Clin 
Pharmacol. 45:751-62; 2005). 
[0009] Osteoporosis is a disease characterized by loW bone 
mass and deterioration of bone structure resulting in bone 
fragility and increased risk of fracture. The World Health 
Organization has de?ned osteoporosis as a bone mineral den 
sity (BMD) value more than 2.5 standard deviations beloW 
the mean for normal young White Women. Individuals With 
osteoporosis arc at high risk of suffering one or more frac 
tures, injuries that can often be physically debilitating and 
potentially lead to a doWnWard spiral in physical and mental 
health. There are a variety of different types of osteoporosis. 
“Primary osteoporosis” is the most common form of the 
disease and is characterized as osteoporosis that is not caused 
by some other speci?c disorder. If the bone loss has been 
caused by speci?c diseases or medications then it is referred 
to as “secondary osteoporosis.” 
[0010] According to the Surgeon General of the United 
States “the 1.5 million osteoporotic fractures in the United 
States each year lead to more than half a million hospitaliza 
tions, over 800,000 emergency room encounters, more than 
2,600,000 physician of?ce visits, and the placement of nearly 
180,000 individuals into nursing homes. Hip fractures are by 
far the most devastating type of fracture, accounting for about 
300,000 hospitalizations each year. Caring for these fractures 
is expensive. Studies shoW that annual direct care expendi 
tures for osteoporotic fractures range from $12 to $18 billion 
per year in 2002 dollars. Indirect costs (e. g., lost productivity 
for patients and caregivers) likely add billions of dollars to 
this ?gure. These costs could double or triple in the coming 
decades.” See “Bone Health and Osteoporosis: A Report of 
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the Surgeon General (2004)” published at http://WWW.sur 
geongeneral.gov/library/bonehealth/content.html (last 
vieWed on Feb. 26, 2008). 
[0011] NeWer methods and compositions for promoting 
bone and joint health are required since many of the condi 
tions of impaired bone or joint health are or become chronic 
in nature, thereby necessitating long term therapies. One area 
for exploration Would include botanical based products hav 
ing proven long term histories of safe use. TWo potential 
candidates are berberine and substituted 1,3-cyclopentadione 
compounds Which may either be isolated from hops or 
derived from hops. 
[0012] Berberine (7,8,13,13a-tetrahydro-9,10-dimethoxy 
2,3-(methylenedioxy)-berbinium), an alkaloid most com 
monly associated With extracts from plants of the Berberis 
species, has a history of safety and has knoWn Widespread use 
in traditional medicine for the treatment of a number of con 
ditions ranging from diabetes (See, for example, Leng, S H., 
et al., “Therapeutic effects of berberine in impaired glucose 
tolerance rats and its in?uence on insulin secretion.” Acta 
Pharmacol Sin. 25(4):496-502; 2004), or for protoZoal, bac 
terial, or fungal infections (see, for example, Sabir, M., et al., 
“Experimental study of the antitrachoma action of ber 
berine”, Indian J Med Res. 64(8):1160-7, 1976; Mohan, M., 
et al., “Berberine in trachoma. (A clinical trial).” Indian J 
Ophthalmol. 30(2):69-75, 1982.); MekaWi, M., “Effect of 
berberine alkaloid on cholera Vibro and its endotoxin.” J 
Egypt Med Assoc. 49(8):554-9, 1966; or Albal, MV., et al., 
“Clinical evaluation of berberine in mycotic infections.” 
Indian J Ophthalmol. 34:91 -2; 1986). Berberine has also been 
used septic shock and graft versus host disease (Upadhyay, S., 
et al., US. Pat. No. 6,291,483) and investigated for its anti 
in?ammatory properties as a potential arthritis treatment 
modality (Ivanovska, N., and Philipov, S., “Study on the 
anti-in?ammatory action of Berberis vulgaris root extract, 
alkaloid fractions and pure alkaloids.”, Int. J. Immunophar 
mac., 18(10: 553-561, 1996). 
[0013] The inventors have previously reported on a number 
of compounds either isolated from hops or derived from hops 
(alpha acids, beta acids, prenyl?avonoids, chalcones, isoal 
pha acids, and reduced isoalpha acids) Which display activity 
against numerous conditions including in?ammation, minor 
pain, and arthritic conditions (see, for example, US. 2003/ 
0008021 ; US 2003/0113393; US 2004/01 1 5290; or US 2004/ 
01 51792). The inventors have found and report herein among 
other things the unexpected results that berberine may act 
synergistically With substituted 1,3-cyclopentadione com 
pounds Which may either be isolated from hops or derived 
from hops to promote bone and joint health. The inventors 
additionally report on combinations of botanically derived 
compounds Which may be used to promote joint and bone 
health. 

SUMMARY OF THE INVENTION 

[0014] The present invention relates generally to methods 
and compositions for promoting bone and joint health in 
mammals. In some instances the subject may have a disease 
or condition such as osteoarthritis, rheumatoid arthritis, an 
autoimmune disorder, or osteoporosis. The promotion of 
bone and joint health may be effectuated through a reduction 
or cessation of the conditions or factors producing deleterious 
effects in the affected tissue. Alternatively, the present inven 
tion may be used modulate repair mechanism processes to 
either retard or stabiliZe tissue damage or to promote repair in 
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the affected tissues. The methods and compositions described 
employ combinations of berberine and substituted 1,3-cyclo 
pentadione compounds (Which may either be isolated from 
hops or derived from hops), or alternatively, combinations of 
botanically derived compounds Which may be used to pro 
mote joint and bone health. 
[0015] A ?rst embodiment of the invention provides meth 
ods to promote bone and joint health in a mammal in need. 
Here the method comprises comprising administering to the 
mammal a composition comprising a therapeutically effec 
tive amount of berberine or a pharmaceutically acceptable 
salt thereof as a ?rst component and as a second component a 
therapeutically effective amount of a substituted 1,3-cyclo 
pentadione compound selected from the group consisting of 
rho dihydroisoalpha acids and tetrahydroisoalpha acids or 
pharmaceutically acceptable salts thereof. 
[0016] A second embodiment provides compositions to 
promote bone and joint health in a mammal Where the com 
positions comprise a therapeutically effective amount of ber 
berine or a pharmaceutically acceptable salt thereof as a ?rst 
component and as a second component a therapeutically 
effective amount of a substituted 1,3-cyclopentadione com 
pound selected from the group consisting of rho dihydroisoal 
pha acids and tetrahydroisoalpha acids or pharmaceutically 
acceptable salts thereof. 
[0017] Methods to promote bone and joint health in a mam 
mal in need are described in another embodiment. Here the 
compositions of the method comprise from about 10 mg to 
about 800 mg of berberine or a pharmaceutically acceptable 
salt thereof and from about 10 mg to about 800 mg of a 
tetrahydroisoalpha acid or a pharmaceutically acceptable salt 
thereof, Wherein the tetrahydroisoalpha acid is selected from 
the group consisting of 4R,5S)-3,4-dihydroxy-2-(3-meth 
ylbutanoyl)-5-(3 -methylbutyl)-4-(4 -methylpentanoyl)cyclo 
pent-2-en-1-one; (4R,5S)-3,4-dihydroxy-2-(3 -methylbu 
tanoyl)-5-(3-methylbutyl)-4-(4-methylpentanoyl)cyclopent 
2-en-1-one; (4R,5S)-3,4-dihydroxy-2-(3-methylbutanoyl) 
5 -(3 -methylbutyl)-4-(4 -methylpentanoyl)cyclopent-2 -en-1 - 
one; (4R,5S)-3,4-dihydroxy-2-(3-methylbutanoyl)-5-(3 
methylbutyl)-4-(4 -methylpentanoyl)cyclopent-2-en-1 -one; 
(4R,5S)-3,4-dihydroxy-2-(3 -methylbutanoyl)-5-(3 -methyl 
butyl)-4-(4-methylpentanoyl)cyclopent-2-en-1-one; (4R, 
5S)-3,4-dihydroxy-2-(3 -methylbutanoyl)-5-(3-methylbu 
tyl)-4-(4-methylpentanoyl)cyclopent-2-en-1-one; (4R, 5S)-3, 
4-dihydroxy-2-(3 -methylbutanoyl)-5-(3 -methylbutyl) -4-(4 
methylpentanoyl)cyclopent-2-en-1-one; (4R, 5S)-3 ,4 
dihydroxy-2-(3-methylbutanoyl)-5-(3 -methylbutyl)-4-(4 
methylpentanoyl)cyclopent-2-en-1-one; (4R, 5S)-3 ,4 
dihydroxy-2-(3-methylbutanoyl)-5-(3 -methylbutyl)-4-(4 
methylpentanoyl)cyclopent-2-en-1-one; (4R, 5S)-3 ,4 
dihydroxy-2-(3-methylbutanoyl)-5-(3 -methylbutyl)-4-(4 
methylpentanoyl)cyclopent-2-en-1-one; (4R, 5S)-3 ,4 
dihydroxy-2-(3-methylbutanoyl)-5-(3 -methylbutyl)-4-(4 
methylpentanoyl)cyclopent-2-en-1-one; (4R, 5S)-3 ,4 
dihydroxy-2-(3-methylbutanoyl)-5-(3 -methylbutyl)-4-(4 
methylpentanoyl)cyclopent-2-en-1-one; (4R, 5S)-3 ,4 
dihydroxy-2-(3-methylbutanoyl)-5-(3 -methylbutyl)-4-(4 
methylpentanoyl)cyclopent-2-en-1-one; (4R, 5S)-3 ,4 
dihydroxy-2-(3-methylbutanoyl)-5-(3 -methylbutyl)-4-(4 
methylpentanoyl)cyclopent-2-en-1-one; and (4R,5S)-3,4 
dihydroxy-2-(3-methylbutanoyl)-5-(3 -methylbutyl)-4-(4 
methylpentanoyl)cyclopent-2-en-1-one. 
[0018] Composition for promoting bone and joint health in 
a mammal in need comprising from about 10 mg to about 800 
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dihydroxy-4-[(1R)-hydroxy-4-methylpent-3-en-1-yl]-2-(3 - 

methylbutanoyl)-5-(3 -methylbut-2-en-1-yl)cyclopent-2-en 
1-one; (4R, 5S)-3 ,4-dihydroxy-4- [( 1 R) -hydroxy-4 
methylpent-3-en-1-yl]-2-(2-methylbutanoyl)-5 -(3 - 
methylbut-2-en-1-yl)cyclopent-2-en-1-one; (4R, 5S)-3 ,4 
dihydroxy-4-[(1R)-hydroxy-4-methylpent-3-en-1-yl]-5 -(3 - 
methylbut-2-en-1 -yl)-2-(2 -methylpropanoyl)cyclopent-2 
en-1-one; (4R,5 S) -3 ,4-dihydroxy-4- [( 1 S)-hydroxy-4 
methylpent-3-en-1-yl]-2-(3-methylbutanoyl)-5 -(3 - 
methylbut-2-en-1-yl)cyclopent-2-en-1-one; (4R, 5S)-3 ,4 
dihydroxy-4-[(1S)-hydroxy-4-methylpent-3-en-1-yl]-2-(2 
methylbutanoyl)-5-(3 -methylbut-2-en-1-yl)cyclopent-2-en 
1-one; (4R,5 S) -3 ,4-dihydroxy-4- [( 1 S)-hydroxy-4 
methylpent-3-en-1-yl]-5 -(3-methylbut-2-en-1-yl)-2-(2 
methylpropanoyl)cyclopent-2-en-1-one; (4S, 5R) -3 ,4 
dihydroxy-4-[(1R)-hydroxy-4-methylpent-3-en-1-yl]-2-(3 - 

methylbutanoyl)-5-(3 -methylbut-2-en-1-yl)cyclopent-2-en 
1-one; (4S, 5R) -3 ,4-dihydroxy-4- [( 1 R) -hydroxy-4 
methylpent-3-en-1-yl]-2-(2-methylbutanoyl)-5 -(3 - 
methylbut-2-en-1-yl)cyclopent-2-en-1-one; (4S, 5R) -3 ,4 
dihydroxy-4-[(1R)-hydroxy-4-methylpent-3-en-1-yl]-5 -(3 - 
methylbut-2-en-1 -yl)-2-(2 -methylpropanoyl)cyclopent-2 
en-1-one; (4S, 5R) -3 ,4-dihydroxy-4- [( 1 S)-hydroxy-4 
methylpent-3-en-1-yl]-2-(3-methylbutanoyl)-5 -(3 - 
methylbut-2-en-1-yl)cyclopent-2-en-1-one; (4S, 5R) -3 ,4 
dihydroxy-4-[(1S)-hydroxy-4-methylpent-3-en-1-yl]-2-(2 
methylpropanoyl)-5 -(3 -methylbut-2 -en-1 -yl)cyclopent-2 
en-1-one; (4S, 5R) -3 ,4-dihydroxy-4- [( 1 S)-hydroxy-4 
methylpent-3-en-1-yl]-2-(2-methylbutanoyl)-5 -(3 - 
methylbut-2-en-1-yl)cyclopent-2-en-1-one; (4S, 5S)-3 ,4 
dihydroxy-4-[(1R)-hydroxy-4-methylpent-3-en-1-yl]-2-(3 - 

methylbutanoyl)-5-(3 -methylbut-2-en-1-yl)cyclopent-2-en 
1-one; (4S, 5S)-3 ,4-dihydroxy-4- [( 1 R) -hydroxy-4 
methylpent-3-en-1-yl]-2-(2-methylbutanoyl)-5 -(3 - 
methylbut-2-en-1-yl)cyclopent-2-en-1-one; (4S, 5S)-3 ,4 
dihydroxy-4-[(1R)-hydroxy-4-methylpent-3-en-1-yl]-5 -(3 - 
methylbut-2-en-1 -yl)-2-(2 -methylpropanoyl)cyclopent-2 
en-1-one; (4S,5 S) -3 ,4-dihydroxy-4- [( 1 S)-hydroxy-4 
methylpent-3-en-1-yl]-2-(2-methylbutanoyl)-5 -(3 - 
methylbut-2-en-1-yl)cyclopent-2-en-1-one; and (4S, 5S)-3 ,4 
dihydroxy-4-[(1S)-hydroxy-4-methylpent-3-en-1-yl]-5-(3 - 

methylbut-2-en-1 -yl)-2-(2 -methylpropanoyl)cyclopent-2 
en-1 -one. 

[0021] Another embodiment further describes methods to 
promote bone and joint health in a mammal in need. The 
methods of this embodiment comprise administering to the 
mammal a composition comprising therapeutically effective 
amounts of at least tWo members selected from the group 
consisting of Abelmo schus, Acacia extract, African Devil’s 
claW, Arthred bovine, Arthred porcine, Astragalus, Berberine, 
Black coho sh, Bonepep, Bonestein, Chicken Collagen, Cur 
cumin, Devil’s ClaW, DHEA, Dioscorea, Flaxseed, FOS, 
Fructus Ligustri, Geni stein, Glabridin, Glucosamine, Green 
tea, Green Tea Polyphenols, Hesperidin, Hyaluronic Acid, 
Inulin, Ipri?avone, Linoleic Acid, MBP, MCHA, Oleanolic 
Acid, Oleuropein, Olive oil, Osteo sine, Parthinolide, Perilla 
oil, PhloridZin, Puerariae radix, Punica granatum, Quercetin, 
Red yeast rice, Resveratrol, RIAA, Rosemary, Rutin, 
THIAA, Vitamin K2, and Withania. 
[0022] A further embodiment provides compositions to 
promote bone and joint health in a mammal in need. These 
compositions comprise therapeutically effective amounts of 
at least tWo members selected from the group consisting of 
Abelmo schus, Acacia extract, African Devil’s claW, Arthred 
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bovine, Arthred porcine, Astragalus, Berberine, Black 
cohosh, Bonepep, Bonestein, Chicken Collagen, Curcumin, 
Devil’s ClaW, DHEA, Dioscorea, Flaxseed, FOS, Fructus 
Ligustri, Genistein, Glabridin, Glucosamine, Green tea, 
Green Tea Polyphenols, Hesperidin, Hyaluronic Acid, Inulin, 
Ipri?avone, Linoleic Acid, MBP, MCHA, Oleanolic Acid, 
Oleuropein, Olive oil, Osteosine, Parthinolide, Perilla oil, 
PhloridZin, Puerariae radix, Punica granatum, Quercetin, Red 
yeast rice, Resveratrol, RIAA, Rosemary, Rutin, THIAA, 
Vitamin K2, and Withania. 

BRIEF DESCRIPTION OF THE FIGURES 

[0023] FIG. 1 graphically displays the chemical structure 
of 7,8,13,13a-tetrahydro-9,10-dimethoxy-2,3 -(methylene 
dioxy)-berbinium; also knoWn as berberine. 

DETAILED DESCRIPTION OF THE INVENTION 

[0024] The present invention relates generally to methods 
and compositions for promoting bone and joint health in 
mammals in need. In some instances the subject may have a 
disease or condition such as osteoarthritis, rheumatoid arthri 
tis, an autoimmune disorder, or osteoporosis. The promotion 
of bone and joint health may be effectuated through a reduc 
tion or cessation of the conditions or factors producing del 
eterious effects in the affected tissue. Alternatively, the 
present invention may be used modulate repair mechanism 
processes to either retard or stabiliZe tissue damage or to 
promote repair in the affected tissues. The methods and com 
positions described employ combinations of berberine and 
substituted 1,3-cyclopentadione compounds (Which may 
either be isolated from hops or derived from hops), or alter 
natively, combinations of botanically derived compounds 
Which may be used to promote joint and bone health. 
[0025] The patents, published applications, and scienti?c 
literature referred to herein establish the knoWledge of those 
With skill in the art and are hereby incorporated by reference 
in their entirety to the same extent as if each Was speci?cally 
and individually indicated to be incorporated by reference. 
Any con?ict betWeen any reference cited herein and the spe 
ci?c teachings of this speci?cation shall be resolved in favor 
of the latter. LikeWise, any con?ict betWeen an art-understood 
de?nition of a Word or phrase and a de?nition of the Word or 
phrase as speci?cally taught in this speci?cation shall be 
resolved in favor of the latter. 
[0026] Technical and scienti?c terms used herein have the 
meaning commonly understood by one of skill in the art to 
Which the present invention pertains, unless otherWise 
de?ned. Reference is made herein to various methodologies 
and materials knoWn to those of skill in the art. Standard 
reference Works setting forth the general principles of DNA 
technology include Sambrook et al., Molecular Cloning: A 
Laboratory Manual, 2nd Ed., Cold Spring Harbor Laboratory 
Press, NeW York (1989); and Kaufman et al., Eds., Handbook 
of Molecular and Cellular Methods in Biology in Medicine, 
CRC Press, Boca Raton (1995). Standard reference Works 
setting forth the general principles of pharmacology include 
Goodman and Gilman’s The Pharmacological Basis of 
Therapeutics, 11th Ed., McGraW Hill Companies Inc., NeW 
York (2006). 
[0027] In the speci?cation and the appended claims, the 
singular forms include plural referents unless the context 
clearly dictates otherWise. As used in this speci?cation, the 
singular forms “a,” “an” and “the” speci?cally also encom 
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pass the plural forms of the terms to Which they refer, unless 
the content clearly dictates otherwise. Additionally, as used 
herein, unless speci?cally indicated otherWise, the Word “or” 
is used in the “inclusive” sense of “and/ or” and not the “exclu 
sive” sense of “either/or.” The term “about” is used herein to 
mean approximately, in the region of, roughly, or around. 
When the term “about” is used in conjunction With a numeri 
cal range, it modi?es that range by extending the boundaries 
above and beloW the numerical values set forth. In general, 
the term “about” is used herein to modify a numerical value 
above and beloW the stated value by a variance of 20%. 

[0028] As used herein, the recitation of a numerical range 
for a variable is intended to convey that the invention may be 
practiced With the variable equal to any of the values Within 
that range. Thus, for a variable Which is inherently discrete, 
the variable can be equal to any integer value of the numerical 
range, including the end-points of the range. Similarly, for a 
variable Which is inherently continuous, the variable can be 
equal to any real value of the numerical range, including the 
end-points of the range. As an example, a variable Which is 
described as having values betWeen 0 and 2, can be 0, 1 or 2 
for variables Which are inherently discrete, and can be 0.0, 
0.1, 0.01, 0.001, or any other real value for variables Which 
are inherently continuous. 

[0029] Reference is made hereinafter in detail to speci?c 
embodiments of the invention. While the invention Will be 
described in conjunction With these speci?c embodiments, it 
Will be understood that it is not intended to limit the invention 
to such speci?c embodiments. On the contrary, it is intended 
to cover alternatives, modi?cations, and equivalents as may 
be included Within the spirit and scope of the invention as 
de?ned by the appended claims. In the folloWing description, 
numerous speci?c details are set forth in order to provide a 
thorough understanding of the present invention. The present 
invention may be practiced Without some or all of these spe 
ci?c details. In other instances, Well knoWn process opera 
tions have not been described in detail, in order not to unnec 
essarily obscure the present invention. 
[0030] Any suitable materials and/or methods knoWn to 
those of skill can be utiliZed in carrying out the present inven 
tion. HoWever, preferred materials and methods are 
described. Materials, reagents and the like to Which reference 
are made in the folloWing description and examples are 
obtainable from commercial sources, unless otherWise noted. 

[0031] The methods and compositions of the present inven 
tion are intended for use With any mammal that may experi 
ence the bene?ts of the methods of the invention. Foremost 
among such mammals are humans, although the invention is 
not intended to be so limited, and is applicable to veterinary 
uses. Thus, in accordance With the invention, “mammals” or 
“mammal in need” include humans as Well as non-human 
mammals, particularly domesticated animals including, 
Without limitation, cats, dogs, and horses. 
[0032] A ?rst embodiment of the invention describes meth 
ods to promote bone and joint health in a mammal in need. In 
this embodiment the methods comprise administering to the 
mammal a composition comprising a therapeutically effec 
tive amount of berberine or a pharmaceutically acceptable 
salt thereof as a ?rst component and as a second component a 
therapeutically effective amount of a substituted 1,3-cyclo 
pentadione compound selected from the group consisting of 
rho dihydroisoalpha acids and tetrahydroisoalpha acids or 
pharmaceutically acceptable salts thereof. 
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[0033] In some aspects of this embodiment, the composi 
tion of the method comprises a ?rst component and a second 
component in a synergistic ratio. 

[0034] In other aspects, the rho dihydroisoalpha acid is 
selected from the group consisting of (4S,5S)-3,4-dihydroxy 
4-[(1S)-hydroxy-4-methylpent-3 -en-1-yl]-2-(3 -methylbu 
tanoyl)-5 -(3-methylbut-2-en-1-yl)cyclopent-2-en-1-one; 
(4R,5R) -3 ,4-dihydroxy-4- [(1 R) -hydroxy-4 -methylpent-3 - 
en-1-yl]-2-(3-methylbutanoyl)-5 -(3 -methylbut-2-en-1-yl) 
cyclopent-2-en-1-one; (4R,5R)-3,4-dihydroxy-4-[(1R)-hy 
droxy-4-methylpent-3-en-1 -yl] -2-(2 -methylbutanoyl)-5 -(3 
methylbut-2-en-1-yl)cyclopent-2-en-1-one; (4R,5R) -3 ,4 
dihydroxy-4-[(1R)-hydroxy-4-methylpent-3-en-1-yl]-5-(3 - 

methylbut-2 -en-1 -yl) -2-(2 -methylpropanoyl)cyclopent-2 
en-1-one; (4R, 5R) -3 ,4-dihydroxy-4- [( 1 S)-hydroxy-4 
methylpent-3-en-1-yl]-2-(3 -methylbutanoyl)-5 -(3 
methylbut-2-en-1-yl)cyclopent-2-en-1-one; (4R,5R) -3 ,4 
dihydroxy-4-[(1S)-hydroxy-4-methylpent-3 -en-1-yl]-2-(2 
methylbutanoyl)-5 - (3 -methylbut-2-en-1-yl)cyclopent-2-en 
1-one; (4R,5R)-3,4-dihydroxy-4-[(1S)-hydroxy-4 
methylpent-3-en-1-yl]-5-(3 -methylbut-2-en-1-yl)-2-(2 
methylpropanoyl)cyclopent-2-en-1-one; (4R, 5S)-3 ,4 
dihydroxy-4-[(1R)-hydroxy-4-methylpent-3-en-1-yl]-2-(3 - 

methylbutanoyl)-5 - (3 -methylbut-2-en-1-yl)cyclopent-2-en 
1-one; (4R, 5S)-3 ,4-dihydroxy-4-[(1 R) -hydroxy-4 
methylpent-3-en-1-yl]-2-(2-methylbutanoyl)-5 -(3 
methylbut-2-en-1-yl)cyclopent-2-en-1-one; (4R, 5S)-3 ,4 
dihydroxy-4-[(1R)-hydroxy-4-methylpent-3-en-1-yl]-5-(3 - 

methylbut-2 -en-1 -yl) -2-(2 -methylpropanoyl)cyclopent-2 
en-1-one; (4R,5S)-3,4-dihydroxy-4-[(1S)-hydroxy-4 
methylpent-3-en-1-yl]-2-(3 -methylbutanoyl)-5 -(3 
methylbut-2-en-1-yl)cyclopent-2-en-1-one; (4R, 5S)-3 ,4 
dihydroxy-4-[(1S)-hydroxy-4-methylpent-3 -en-1-yl]-2-(2 
methylbutanoyl)-5 - (3 -methylbut-2-en-1-yl)cyclopent-2-en 
1-one; (4R,5S)-3,4-dihydroxy-4-[(1S)-hydroxy-4 
methylpent-3-en-1-yl]-5-(3 -methylbut-2-en-1-yl)-2-(2 
methylpropanoyl)cyclopent-2-en-1-one; (4S,5R)-3 ,4 
dihydroxy-4-[(1R)-hydroxy-4-methylpent-3-en-1-yl]-2-(3 - 

methylbutanoyl)-5 - (3 -methylbut-2-en-1-yl)cyclopent-2-en 
1-one; (4S,5R) -3 ,4-dihydroxy-4-[(1 R) -hydroxy-4 
methylpent-3-en-1-yl]-2-(2-methylbutanoyl)-5 -(3 
methylbut-2-en-1-yl)cyclopent-2-en-1-one; (4S,5R) -3 ,4 
dihydroxy-4-[(1R)-hydroxy-4-methylpent-3-en-1-yl]-5-(3 - 

methylbut-2 -en-1 -yl) -2-(2 -methylpropanoyl)cyclopent-2 
en-1-one; (4S,5R)-3,4-dihydroxy-4-[(1S)-hydroxy-4 
methylpent-3-en-1-yl]-2-(3 -methylbutanoyl)-5 -(3 
methylbut-2-en-1-yl)cyclopent-2-en-1-one; (4S,5R) -3 ,4 
dihydroxy-4-[(1S)-hydroxy-4-methylpent-3 -en-1-yl]-2-(2 
methylpropanoyl)-5 -(3 -methylbut-2 -en-1 -yl)cyclopent-2 
en-1-one; (4S,5R)-3,4-dihydroxy-4-[(1S)-hydroxy-4 
methylpent-3-en-1-yl]-2-(2-methylbutanoyl)-5 -(3 
methylbut-2-en-1-yl)cyclopent-2-en-1-one; (4S, 5S)-3 ,4 
dihydroxy-4-[(1R)-hydroxy-4-methylpent-3-en-1-yl]-2-(3 - 

methylbutanoyl)-5 - (3 -methylbut-2-en-1-yl)cyclopent-2-en 
1-one; (4S, 5S)-3 ,4-dihydroxy-4-[(1 R) -hydroxy-4 
methylpent-3-en-1-yl]-2-(2-methylbutanoyl)-5 -(3 
methylbut-2-en-1-yl)cyclopent-2-en-1-one; (4S, 5S)-3 ,4 
dihydroxy-4-[(1R)-hydroxy-4-methylpent-3-en-1-yl]-5-(3 - 

methylbut-2 -en-1 -yl) -2-(2 -methylpropanoyl)cyclopent-2 
en-1-one; (4S,5S)-3,4-dihydroxy-4-[(1S)-hydroxy-4 
methylpent-3-en-1-yl]-2-(2-methylbutanoyl)-5 -(3 
methylbut-2-en-1-yl)cyclopent-2-en-1-one; and (4S, 5S)-3 ,4 
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dihydroxy-4-[(1R)-hydroxy-4-methylpent-3-en-1-yl]-2-(2 
methylbutanoyl)-5-(3 —methylbut-2-en-1-yl)cyclopent-2-en 
1-one; (4S,5R)-3,4-dihydroxy-4-[(1R)-hydroxy-4-methyl 
pent-3-en-1-yl]—5-(3-methylbut-2-en-1-yl)-2-(2 
methylpropanoyl)cyclopent-2-en-1—one; (48, SR) —3 ,4 
dihydroxy-4-[(1S)-hydroxy-4-methylpent-3-en-1-yl]-2-(3 - 

methylbutanoyl)-5-(3 —methylbut-2-en-1-yl)cyclopent-2-en 
1-one; (4S,5R)-3,4-dihydroxy-4-[(1S)-hydroxy-4 
methylpent-3-en-1-yl]—2-(2-methylpropanoyl)-5-(3 - 

methylbut-2-en-1-yl)cyclopent-2-en-1—one; (4S,5R)-3,4 
dihydroxy-4-[(1S)-hydroxy-4-methylpent-3-en-1-yl]-2-(2 
methylbutanoyl)-5-(3 —methylbut-2-en-1-yl)cyclopent-2-en 
1-one; (4S,5S)-3,4-dihydroxy-4-[(1R)-hydroxy-4 
methylpent-3-en-1-yl]-2-(3-methylbutanoyl)-5 -(3 - 
methylbut-2-en-1-yl)cyclopent-2-en-1—one; (4S,5S)-3,4 
dihydroxy-4-[(1R)-hydroxy-4-methylpent-3-en-1-yl]-2-(2 
methylbutanoyl)-5-(3 —methylbut-2-en-1-yl)cyclopent-2-en 
1-one; (4S,5S)-3,4-dihydroxy-4-[(1R)-hydroxy-4 
methylpent-3-en-1-yl]-5 -(3-methylbut-2-en-1-yl)-2-(2 
methylpropanoyl)cyclopent-2-en-1—one; (4S, 5S)-3 ,4 
dihydroxy-4-[(1S)-hydroxy-4-methylpent-3-en-1-yl]-2-(2 
methylbutanoyl)-5-(3 —methylbut-2-en-1-yl)cyclopent-2-en 
1-one; and (4S,5S)-3,4-dihydroxy-4-[(1S)-hydroxy-4 
methylpent-3-en-1-yl]-5 -(3-methylbut-2-en-1-yl)-2-(2 
methylpropanoyl)cyclopent-2 -en-1 —one 

[0039] As used herein, the phrase “promote bone healt ” 
shall refer to those conditions Wherein the methods and com 

positions of the invention may result in (a) reduced localized 
pain and in?ammation at a site of bone damage; (b) stabili 
Zation of bone structure and integrity; (c) modulation of the 
mechanism(s) to prevent cell based destruction of bone tis 
sue; (d) enhancing repair of damaged bone tissue by increas 
ing bone mineralization; or (e) modulation of the equilibrium 
betWeen normal bone deposition and reformation. Represen 
tative diseases or conditions Wherein use of the methods and 

compositions of the invention include, Without limitation, 
osteoporosis, osteopenia, rickets, osteoarthritis, autoimmune 
diseases, and rheumatoid arthritis. 
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[0040] As used in this speci?cation, Whether in a transi 
tional phrase or in the body of the claim, the terms “comprise 
(s)” and “comprising” are to be interpreted as having an 
open-ended meaning. That is, the terms are to be interpreted 
synonymously With the phrases “having at least” or “includ 
ing at least”. When used in the context of a process, the term 
“comprising” means that the process includes at least the 
recited steps, but may include additional steps. When used in 
the context of a compound or composition, the term “com 
prising” means that the compound or composition includes at 
least the recited features or compounds, but may also include 
additional features or compounds. 
[0041] As used herein, the terms “derivatives” or a matter 
“derived” refer to a chemical substance related structurally to 
another substance and theoretically obtainable from it, i.e. a 
substance that can be made from another substance. Deriva 
tives can include compounds obtained via a chemical reac 

tion. 
[0042] As used herein, “berberine” refers to 7,8,13,13a 
tetrahydro —9, 1 0-dimethoxy-2 , 3 - (methylenedioxy) -b er 

binium. Berberine, an alkaloid, is most commonly associated 
With but not limited to extracts from plants of the Berberis 
species. 
[0043] As used herein, “substituted 1,3-cyclopentadione 
compounds” refers to those compounds generally described 
as reduced isoalpha acids commonly associated With hops 
and beer production. The substituted 1,3-cyclopentadione 
compounds refers to the dihydroisoalpha acids (RIAA), tet 
rahydroisoalpha acids (“THIAA”) and hexahydroisalpha 
acids (“HHIAA”). Examples of reduced isoalpha acids 
(RIAA) include Without limitation dihydroisoalpha acids, 
more speci?cally Rho dihydroisoalpha acids (Table 1), tet 
rahydroisoalpha acid (Table 2), and hexahydroisoalpha acids 
(Table 3), and their derivatives. “Rho” refers to those reduced 
isoalpha acids Wherein the reduction is a reduction of the 
carbonyl group in the 4-methyl-3 -pentenoyl side chain. 

TABLE 1 

R110 dihydroisoalpha acids 

Chemical Name Synonym Structure 

(4S,5 S)—3,4—dihydroxy—4— [(1 S)—hyd.roxy—4— rho (6S) cis n 
methylpent-3-en-l —yl]—2- (3- iso-alpha acid 

methylbutanoyl)—5— (3-methylbut-2-en-l — 

yl)cyclopent—2—en-l —one 

0 
O 

um”, 

Ho““ 
OH 
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TABLE l-continued 

Rho dihydroisoalpha acids 

Chemical Name Synonym Sttucture 

(4R,5R)—3,4—dihyd.roxy—4—](1S)—hyd.roxy—4— rho (6S) cis n 
methylpent-3-en-1-yl]—2—(3— iso-alpha acid 

OH 
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TABLE l-continued 

Rho dihydroisoalpha acids 

Chemical Name Synonym Sttucture 

(4S,SS)—3,4-dihydroxy-4-[(1R)—hydroxy—4— rho (6R) cis co 
methylpent-Ev-en-1—y1]—5—(3—rnethy1but—2— iso-alpha acid 0 
en-1—y1)—2-(2—methy1propanoy1)cyclopent- O 

2-en—1—one 

"Hm, 

0“ 
HO‘ 

OH 

HO 

(4R,5S)—3,4-dihydroxy—4—[(1R)—hyd.roxy—4— rho (6R) trans co 
methylpent-Ev-en-1—y1]—5—(3—rnethy1but—2— iso-alpha acid 0 
en-1—y1)—2-(2—methy1propanoy1)cyclopent 

2-en—1—one 

OH 

OH 

HO 
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TABLE l-continued 

Rho dihydroisoalpha acids 

Chemical Name Synonym Sttucture 
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TABLE l-continued 

Rho dihydroisoalpha acids 

Chemical Name Synonym Sttucture 

(4R,5R)—3,4—dihyd.roxy—4—[(1S)—hyd.roxy—4— rho (6S) cis ad 
methylpent-3-en-1-yl]—2—(2— iso-alpha acid 
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TABLE 2-c0ntinued 

Tetrahydroisoalpha acids 

Chemical Name Synonym Sttucture 

(4R,5S)—3,4-dihydroxy-5-(3—Inethy1buty1)—4- tetrahydro cis co 
(4—Inethy1pentanoy1)—2—(3— iso-alpha acid 

0 methylpropanoyl)cyclopent-Z-en-1-0116 O 

um”, 

\\“ 
HO‘ 

OH 

O 

(4S,5S)—3,4—dihydroxy—5—(3—methy1buty1)-4— tetrahydro trans co 
(4—Inethy1pentanoy1)—2—(3— iso-alpha acid 0 

methylpropanoyl)cyclopent-Z-en-1-0116 

OH 

tetrahydro cis co 
iso-alpha acid 

OH 

tetrahydro trans co 
iso-alpha acid 






































