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BACKGROUND OF THE PETITIONER

A Utah corﬁoration, Weider Nutrition International, Inc. (“Weider”) is .(.me. of the

~ largest suppliers of health, ﬁmes§, and wellness products worldwide. Weider:
manufactures and markéts products in the sborts nutriiion, bottled drink, diet, natural ‘
vitamin, and nuu'itionélly based snack bar categories, including some dietary stiﬁ::lgments
that contain glucosamine and chondroitin sulfate. Weidér, has been a health, fitness and

sports nutrition leader for sixty yeém since its founding in 1939.
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May 29, 2003

PETITIONER:  Weider Nutrition International, Inc.

ADDRESS: c/o Emord & Associates, P.C.
\ 5282 Lyngate Court
Burke, VA 22015
SUBJECT: - Petition for Health Claims: Glucosamme and Chondroitin Sulfate and (1)

" Osteoarthritis; (2) Osteoarthritis-related joint pain, joint tenderness, and
Jomt swelling; (3) joint degeneration; and (4) cartilage deterioration

Food and Drug Administration
Office of Nutritional Products, Labelmg, and Dietary Supplements

HFS-800
5100 Paint Branch Parkway
College Park, MD 20740

L Introduction and Statement of Pumose
Weider Nutrition International, Inc. (heremafter “Petitioner™), pursuant to Section

403(r)(5)(D) of the Federal Food, Drug and Cosmetlc Act (“FDCA”)(ZI US.C. § 343(r)(5)(D)),
submlts this petition for health claims concerning the relatmnshxp between the consumption of
glucosamine and chondréitin sulfate and reduction in tﬁe risk of: osteoarthritis; osteoarthritis —
related joint pain, joint tenderness, and joint swelling; joint degeneration; and cartilage
deterioration. The proposed claims are contained in section V below. Attached hereto, and
constituting a part of this petition, are all of the items specified in 21 C.F.R. § 101.70(f).

This petition presents a logical and valid evaluation of the scientific studies and clinical
trials conceming the relationship between glucosamiﬁe and chondroitin sulfate and reducﬁon in
the risk of: osfeoarthritis’; osteoarthritis-related joint paiﬁ, joint tenderness, and joint swelling;
joint degeneration; and cartilage deterioratiqn, The attached scientific studies demonstrate that
the consumption of glucosamine and chondroitin sulfate may reduce the risk of osteoarthritis;
may reduce the risk of osteoarthritis-related joint pain, joint tenderness, and joint swelling; and

may reduce the risk of joint degeneration and cartilage deterioration. The scientific evidence



A justiﬁeé permitting a health claim that links consumption of glucosamine and chondroitin sulfate

with reduction inthdse,lfi-sks. See Glade Report attached as Exhibit
@) 1. I

The proposed health claims respond to major public health éoncerns in.the United States .
osteoarthritis; ostedgrthﬁtis-related joint pam, joint tenderness, and joint swelling; and jpinf x

 degeneration and cartilage deterioration. 21 CF.R. § 101.75. Osteoanhﬁﬁs (alsd l'm:own as
degenerative joint disease) is a ﬁ'equent cause of physical di:sébility among adults, affecting more
than 20 million Americans. National Institute of Arthritis and qucﬂoskeletd and Skin
Diseases, National Institutes of Health, Handout on Health; Osteoarthritis,
www.niams.nib.gov/hi/topics/arthritis/oahandout htm (attached as Exhibit 2). It is the most
common form of arthritis. Id. In the US, among those agéd 15 to 40 years, the incidence of o
osteoarthritis in at least or;e joint is 5%; in those over 65 it is over 60%. Exh. 1 at7. By 2036,
20 percent of Americans—about 70 million people—will have passed their 65 birthday and will
be at risk for osteoarthritis. Exh. 2. The prevalence of at least one mildly symptomaﬁc |
osteoarthritis joint occurs in about 30% of the U.S. population. Exh. 1 at 7.

Glucosamine and chondroitin sulfate are naturally-occurring substances present in
cartilage and the extracellular matrix of the articular cartilage of humans and 0ti1er mammals. -
Both substances are commonly sol;i' as dietary supplemerks.‘ As discussed below, both
glucosamine and chondroitin sulfate possess properties that help promote and maintain the
structure and function of joints in the body and may also have anti-inflammatory activity. PDR
for Nutritional Supplements at 94, 187 (attached as Exh. 3). The scientific studies described in
this petition directly. address the important public health issue of glucosamine and chondroitin

sulfate’s effects on osteoarthritis; on osteoarthritis-related joint pain, joint tenderness, and joint



swelhng, on joint degeneratlon, and on cartilage deterioration and further national and DHHS
pohclcs by identifying low cost means of reducmg risks of those diseases and dlsease condmons;

~ The Petitioner beheves that the truthful and succinct health information conveyed by its
proposed health claims will enable consumers to make prudent and effective dietary choices.
Labeling dxetary supplements with the proposed glucosamine and chondroitin sulfate clanns will
. mform consumers at the pomt of sale of current scientific evndence concerning means to reduce .
the risk of: osteoarthntls, osteoarthntls-related joint pain, Jomt tendemess, and joint swelling;
joint degeneration; and cartilage detenoratlon ‘The petitioned claims W111 accurately impart to
consumers scientific understanding about the relationship between glucosamine and chondroitin
sulfate and those diseases and disease conditions.

Consistent with the decision in Pearson v. Shalala, 164 F.3d. 650 (D.C.Cir. 1999), reh’g

denied en banc, 172 F.2d 72 (D.C.Cir. 1999); Pearson v. Shalala, 130 F.Supp.2d 105 (2001),
recon. denied, _Egaqu_t_r_xp_s__gg_, 141 F. Supp. 2d 105 (D.D.C. 2001); and Wﬁimka V.
Thompson, 2002 U.S. Dist. LEXIS 25299 (D.D.C. 2002), thg Petitioner respectfully requests that
if the agency finds that any qf the proposed claims does not satisfy its “significant scientific
agreement” standard, that the agency authorize that claim or those claims nevertheless, with such
succinct and accurate disclairﬁers as are reasonably necessary to avoid a potentiélly misleading
connotation. The petitioner will accept any reasonable, succinct, and accurate disclaimers that .

achieve that objective.



II.  Preliminary Requirements
A.  Glucosamine and chondroitin sulfate meet the definition of 21 C.F.R. 101.14(a)

The Petitioner seeks FDA approval of the proposed claims for use on dietary supplements
" containing glucosamine and chondroitin sulfate. Glucosamine and chondroitin sulfate each meet
the definition of a “substance” under 21 C.F.R. § 101 .14(a): “Substance means a specific food or
component of food, regardless of whether the food is in conventional food form ora die@
supplement that includes vitamins, minerals, herbs, or other similar nutritional substances.” 21
C.F'.R. §101.4 (2002). As stated by NIH, both glucosamine and chondroitin sulfate are
“nuu'ignts. .. found in small quantities in food and are components of normal cartilage.” Exh. 2
at 16.

Glucosamine is an amino monosaccharide commonly found in chitin, glycoproteins, and
glycosaminoglycans such as hyaluronic acid and heparan sulfate. Exh. 3 at 186. D-Glucosamine
is present in all foods containing cartilage or glycoproteins. Exh. 1 at 21. Glucosamine is
available commercially as a dietary supplement in threé forms: glucosamine hydrochloride or
glucosamine HCI, glqcosmnine sulfate, and N-acetyl-glucosamine. Exh.3 at 187. The type of
glucosamine found in supplements is typically derived from marine exoskeletons although'
synthetic glucosamine is also available. Id. at 187.

Chondroitin sulfate belongs to a family of heteropolysaccharides called
glycosaﬁxinoglycans. Id. at 93. Glycosaminoglycans in the form of proteoglycans make up the
ground substance in connective tissues’ extracellular matrix. 1d. Chondroitin sulfate is found in

human, fish, and shark cartilage; skin; heart valves; tendons; and arterial walls, Id. The sources



of chondfbitin sulfate used in é.uppieﬁents include bovine trachea, pork byproducts (ears and
snout) and shark cartllage d.atod! o

- Because glucoéaﬁﬁne and chondroitin sulfate are present as foodé and components of
foods, they are “substances” as defined by 21 CFR. § 101.14(a).
B. Clucosaming and chondroftin sﬁlfate meet the definition of 21 C.F.R. 101.14(b)
 ‘The proposed health claims meet the relevant eligibility requirements of 21CFR §
101.14(b). Section 101.14(b) requires:

®) Ehglblllty For a substance to be eligible for a health claim:

(1) the substance must be associated with a disease or health-related condition for which
the general U.S. population, or an identified U.S. population subgroup (e.g., the
elderly) is at risk, or, alternatively, the petition submitted by the proponent of the
claim otherwise explams the prevalence of the disease or health-related condition in
the U.S. population and the relevance of the claim in the context of the total daily diet
and satisfies the other réquirements of this section.

(2) If the substance is to be consumed as a component of a conventional food at
decreased dietary levels, the substance must be a nutrient listed in 21 U.S.C. §
343(q)(1)(C) or ()(1)(D), or one that the Food and Drug Administration (FDA) has
required to be included in the label or labeling under 21 U.S.C. § 343(q)(2)(A); or

(3) If the substance is to be consumed at other than decreased dietary levels: :

(i)  The substance must, regardless of whether the food is a conventional food or a

- dietary supplement, contribute taste, aroma, or nutritive value, or any other

technical effect listed in § 170.3(0) of this chapter, to the food and must retain
that attribute when consumed at levels that are necessary to justify a claim;
and

(ii)  The substance must be a food or a food ingredient or a component of a food
ingredient whose use at the levels necessary to justify a claim has been
demonstrated by the proponent of the claim, to FDA'’s satisfaction, to be safe
and lawful under the applicable food safety provisions of the Federal Food,
Drug and Cosmetic Act.

1. Glucosamine and chondroitin sulfate are associated thh a disease for which the general.
U.S. popnlatlon is at risk .

A “disease or health-related condition” means “damage to an organ, part, structure, or

system of the body such that it does not function properly (e.g. cardiovascular disease), or a state

! petitioner’s source of chondroitin sulfate is bovine trachea, exclusively obtained from animals bread and 'harthed
in the United States.



of héalth leading to such dysfunctioning (etg. hypertensibﬁ); except that diseases résulting from
essential nﬁﬁicnt deficiencies (e.g., scurvy, pellagra) are not inpluded in this definition (claiﬁ:s

- pertaining to such diseases are thereby not subject to § 101.13 or § 101.70).” 21 CFR. §
101.14(a)(5). The proposed health claims associate the substances, glucosamine and chéndroitin
sulfate, thh a disease, osteoarthritis, and with dlsease or health-related conditions, osteoarthntls-
related joint pain, joint tenderness, joint swellmg, and joint degeneration and cartilage
detenoratnon |

Osteoartl'mtls (also known as degeneratlve joint disease) is the most common form of
arthr_iﬁs, affecting more than 20 million Americans. Exh. 2 at 2. Osteoarthritis is a
multifactorial, polygenic disorder involving mechanical, biochemical, environmental, systemic,
and genetic factors that contribute to imbalance between synthesis and degradation and
deteriorétion of cartilage matrix. Exh. 1 at7. Itis éharacterized by focal loss of cartilage and
hypertmphxc bone spurs. Exh. 1 at7. While the term osteoarthntls refers to the overgrowth of
bone in certain areas of the joint, the disease is marked by net loss of cartilage tissue. Id.
Changes in the macromolecular composition of the extracellular matrix of articular cartilage are
characteristic of clinically apparent osteoarthﬁtis. Exh. 1 at 6. Those changes cause a chronic
degeneration of the extracellular matrix. Id..

The primary complaini in osteoarthritis is pain, particularly concerning use of tile
affected jointr Id. Pain can be accompanied by varying degrees ef joint stiffness, limitation of |
movement, tenderness and swelling at thejoint margins, and loss of function. Id."
Radiologically-measured decrease in joint space is significantly correlated with increase in pain

severity. Id. at 8.



| Each year medical care for arthritis” resulted in 750,000 hospitalizations and 36 million
outpatient visits. CDC, Targeting Arthritis: The Nation’s Leading Cause of Disability, 2003 '

stached as Exh. 48t 2. Tn 1995, medical careforartiii ost nearly $22 billion; and the total

cost, including lost productivity, topped $82 billion, according to estimates from the Amencan
Academy of Orthopaedic Surgeons. Id. As discussed supra, the Natlonal Instltutes of Health |
_.have estlmated that by 2003 20 percent of Americans will be at risk for osteoarthntls Exh.2at.
2. Reduction in the risk of that disease; in the risk of j Jomt pam, tenderness, and swelling
associated with that disease; and in flie risk of joint degéneraﬁ;)n and cafﬁ]age deterioration is,

thus, an economic and health necessity for the U.S. population.

2. Glucosamine and chondroiﬁn sulfate contribute nutritive value at the levels present

in supplements
In accordance with section 101.14(b)(3)(i), glucosamine and chondroitin sulfate

contribute nutritive value. While there is no Reference Daily Intake (DRI) for either substance,

the nutritive g.ontributions of both are widely recognized. See Exhibit 1 at 12-20; see also, Exh.
3 at 93, 187 (both substances may contribute to the promotion and maintenance of the structure
and function of cartilage and may also have anti-inflammatory activity).

Glucosamine is an aminomonosaccharide that serves as a substrate for fhe biosynthesis of
chondroitin sulfate, hyaluronan, and other macromolecules located in the extracellular cartrilage
matrix. Exh. 1 at 2.. Chronic degeneration of the extracellular matrix of articular cartilageisa
required precursor to osteoarthritis, Id. at6. Glucosamine has MWomodmamw, anabolic,
and anticatabolic properties that are a result of its interaction with intercéllular and intracellular

cytokine-based communication systems. Id. at 11.

‘ 2 These statistics are for all forms of arthritis. Exh. 4(CDC) at 2. Ost
eoarthriti
arthritis. Exh. 2(NIAMS) at 1 ) is is the most common form of
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. Chondroitin sulfate is a glycosaminoglycan. Id. Chondroitin sulfate polydxers are
secreted into the extracellular matrix of articular cartilage and are covalently bound into proteins
formmg protem-polysacchande complexes called proteoglycans. Id. at 2. Chondromn sulfate is

antlcatabolxc, s1gmﬁcantly stimulates the production of proteoglycans, inhibits the destruction of -

- articular cartilage, and directly protects articular cartllage extracellular matrix macromolecules

from elevated degadaﬁye enzyme activities characteristic of asymptomatic subclinical cardlage
degenemtion. 1d.at11-12. |

A alafens Ao mnt T daisd By ammanlfls 243
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o chondromn sulfate. . Studies have shown glucosamme supplementation to have nutritive value

ﬁ'om 1500 mg to 2000 mg a day. Exh 1at 12-15.3 Studies have shown chondromn sulfate
supplementation to have nutritive value from 4OQ mg to 1500 mg a day. Exh. 1 at 15-19. When
combined, glucos'a'mine supplementation is recommended at 1000 mg/day al‘ong with 800
mg/day of chondroxtm sulfate Id. at 21. |

Glucosamme is typically supplied in sohd oral dosage form in capsules contalmng 500
mg, 550 mg, 750 mg, and 1000 mg; hqmd containing 50 mg; and tablets containing 340 mg, 500

mg, and 1000 mg. Exh. 3 at 189. Chondroitin sulfate is typically supplied in solid oral dosage

form in capsules containing 250 mg, 400 mg, and 500 mg; and in tablets containing 250 mg, 400

. mg, 600 mg. Id. at 96.

3. Glucosamine and chondroitin sulfate are safe and lawful under the FDCA
“For each such ingredient listed, the petitioner should state how the ingredient complies

with the requirements of § 101.14(b)(3)(ii), e.g., that its use is generally recognized as safe

(GRAS), listed as a food additive, or authorized by a prior sanction issued by the agency, and

3 The three forms of commercxally-avallable D-glucosamine v 1!
weights. See Exh. 1 at8. ary in molecular size affecting their proportional



what the basis is for the GRAS claim, the food additive status, or prior sanctioned status.” 21
CFR. § 101.70(f{A). In accordance with section 101.13(b)(3)(ii), glucosamine and chondroitin

- sulfate are both foods and food ingredients and are safe and lawful at the levels necessary to
justify the pmposed health claxms

As mentioned above, glucosamine is present in all foods containing cartilage or
glycoproteins (Exh. 1 at 21) and chondroitin sulfate is present in pork byproducts and other
foods. Exh. 3 at 94. The FDCA deems dietary supplements a food under 21 U.S.C. § 321(ff).
Accordingly, glucosamine and chonﬂroitin sulfate are both foods and food ingredients under 21
C.F.R. § 101.14(b)(3)G).

Glucosamine and chondroitin sulfate are generally recognized as safe and lawful at the
levels necessary to justify the proposed health claims. General recognition of safety is based on
the views of experts qualified by scientific training and experience to evaluate the safety of
substandés directly or indirectly added to food. 21 C.F.R. § 170.30(a). The basis for such views
may be either (1) scientific procedure or, in the case of a substance used in food prior to January
1, 1958, (2) through experience based on common use in food. Id.

Safe or safety means that there is a reasonable certainty in the minds of competent

scientists that the substance is not harmful under the intended conditions of use. Itis

impossible in the present state of scientific knowledge to establish with complete
certainty the absolute harmlessness of the use of any substance. Safety may be
determined by scientific procedures or by general recognition of safety. In determining
safety, the following factors shall be considered:

(1) the probable consumption of the substance and of any substance formed in or on food

because of its use.

(2) The cumulative effect of the substance in the diet, takmg into account any chemically

or pharmacologically related substance or substances in such diet.

3) Safety factors which, in the opinion of experts qualified by scientific training and
experience to evaluate the safety of food and food ingredients, are generally

recognized as appropriate.
21 CFR. §1703.



Glucosamine and chondroitin sulfate have been naturally occurring ingredients in foods
consumed in the United States prior to January 1, 1958. There is no evidence that either
glucosamine or chondroitin sulfate consumed in foods or as dietary supﬁlémenw have a
cumulative effect in the diet that affects their safety. See Exh: 1 at 21-22 (except that
glucosamine may “potentiate active peptic ulcers™); Exh. 3 at 95, 188. There are no known -
interactions with drugs in clinical practice, except for a general warning that diabeﬁcé may need
to monitor their blood glucose when taking glucosamine. Id. at 188, Moreover, there are no
known harmful intéracﬁons with nutritional supplements, except for a geﬁeral warning that
chitosan may decrease the absorption of chondroitin sulfate. 1d. at 95. Intake of glucosamine at
less than 400 mg a day (for adults) is unlikely to cause adverse reactions. Exh 1 at21. Inan
analysis of 16 human studies invol\a;ing 372 subjects, intake of chondroitin sulfate at less than
800 mg a day did not produce more adverse events than a placebo. Exh. 1 at 22.

The PDR for Nutritional Supplements states that the most frequently reported adverse
reactions associated with glucosamine are “mild gastrointestinal complaints such as heartburn,
epigastric distress, and diarthea.” Exh. 1 at 21; Exh. 3 at 188. Similarly, adverse reactions
associated with chondroitin sulfate are of the “mild gastrointestinal variety, such as epigastric
distress, nausea, and diarrhea.” Id. at 95. The PDR indicates no significant advérse effects for
either substance. Exh. 3 at 95 and 1 88.

The maximum (safe) daily intake of both glucosamine and chondroitin sulfate is well
above the amount reasonably required to accomplish the intended nutritive effect. 21 C.F.R. §
172.5. The safe upper limits for glucosamine and chondroitin sulfate have not been established.
See Exh. 1 at 21-22; Exh. 3 at 95-96, 188-189. No deaths have ocourred in mice and rats from

glucosamine intakes of up to 5000 mg/kg body weight. Exh. 1 at21. Dietary supplementation

10



with ‘glucosamiﬁe for up to three years did not produce an inérease in the incidence or severity of
side effects m placebo-controlled human studies. Id. Oral supplgmentation in rats and rabbits
with chondroitin sulfate polymers at 1g/kg body weight daily produced no effects on
mutagenesis or iepmductive function. Id. at 22. D'ietary»supplementation with chondroiﬁn
sulfate polymers for.up to two years did not produce al;y increase in the incidence or severity of
side effects in placebo-controlled human studies. Id. -

The nutritive effect in reducing the risk of osteoarthritis; osteoarthritis-related joint pam,
joir;t tenderness, and joint swelling; joint degeneration and cartilage deterioration has been
recorded in daily doses ranging frém 1200 mg to 2000 mg (glucosamine) and from 400 mg to
1200 mg (chondIOitin sulfate) when taken separately, and from 1000 mg to ‘1 600 mg
(glucosamine) and f.romu 800 mg to 1200 mg (chopdrdiﬁn sulfate) when taken concurrently. Id.
The pro;éoscd health claims thus comply with the safety and lawfullness requirements of 21
CF.R. § 101.14(b)(3)(). |

In summary, since gluéosamine and ci;ondroiﬁﬁ. sulfate meet the requirements set forth in

21CFR.§ 101.14(b), the preliminary requirements of 21 C.F.R. § 101.70 are fully satisfied.

1



ML - Summary of Scientific Data u orting the Proposed Claims

A. Significant sclentlﬁc agreement exists to support the proposed claims

There is significant scxentxﬁc agreement among experts who study in the field of
osteoarthritis that gh_xcosamme and<chondr01tm sulfate are effective modifiers of the risk of
 osteoarthritis; the risk of osteoarthritis-related joint pain, joint tenderness, and jeint'é;velling; and
the risk of joint degeneration and eartilage deterioration. §_§g Exh. 1 at 1. The scientific
literature shows thet dietary supplemeﬁtation with glucosamine and choﬁdroitin sulfate
contributes to the preservation of articular cartilage, inhibits ﬁie initiation of osteoarthritic
change in articular cartilage, and inhibits the progression of osteoarthritic change to symptomatic
osteoarthritis. Id. at 23. Dietary supplementetion with gilucosamine and chondroitin sulfate is an
effective modifier of osteearthritic change and reduces the risk for osteoarthritis and of
osteoarthritis-related joint pain, joint tenderness, and joint swelling. Id.

Although the mechanism of glucosamine and chondroitin sulfate’s preservation and
reparation effects is not entirely understood, much is known about the biochemistry and
physiology of the molecules containing both substances. See Exh. 1 at 1-3, 6-12; Exh. 3 at 94,
187. Glucosamine is involveel in glycoprotein metabolism. Exh. 1 at 1-2, 9-11; Exh. 3 at 187.
Specifically, glucosamine appears to act by interrupting message transduction. Exh. 1 at 10. Its
immunomodulatory, anabolic and anticatabolic properties result at least in part from interaction .
with intercellular and intracellular cytokine-based communication systems. Id. at 11.

Chondroitin sulfate appears to stimulate increases in the secretion of pro;eoglycaﬁs in
nonosteoarthritic cartilage tissue and by embryonic articular cartilage chondrocytes in cell

culture. Id. at 11. Further, chondroitin sulfate may play a role in the direct protection of articular

12



cartilage extracellular matrix macromolecules from the eievated degredative enzyme activities
chﬁracteristie of asymptomatic subclinical cartilage degeneration. [d.at 12.

Glycoproteins, or proteoglycans, form the ground substance in the extra-cellular .matrix .
of connective tissue. Id. The polysaccharide groups in proteoglycans are called
glycosannnoglycans (GAGs) which include, among other substances, chondroitin sulfate. Id
All the GAGs contain derivatives of glucosamme Id. GAG chains are fundamental components
of aggregan found in articular cartilage, which gives that cartilage its shock-absorbing properties.
Id. "In later stages of joint degeneration, aggregan biosynthesis is decreased, leading to the loss
of caxftilage resiliency that 'accompanies osteoarthritis. Exh. 1 at 6-8; Exh 3 atl187.

Within the cartilage matrix, constituents such as proteoglycans undergo a distinct
turnover process during‘ which the catabolism and removal of molecules from the extracellular
matrix 1s in bdmce with the synthesis and deposition of new molecules. Exh.1at1-2, A
| chronic imbalance in matrix macromolecule turnover producing net loss of articular tissue is a
required precursor to the deveiopment of osteoarthritis ond joint pain. Id. at 4. Studies have
shown that glucosamine added to a culture mixture of chondrocytes harvested for osteoarthritic
human articular tissue inhibited the inherent and IL-1p-induced catabolic activity of
metalloproteases secreted by chondrocytes and stimulated the synthesis of physiologically-

. relevant proteoélycans similar to proteoglycans synthesized by chondrocytes harvested from
nonosteogrthritic human articular cartilage. Id. at 10. In addition; studies have also shown that
when added to a culture fnedia of chondroeytes harvested from osteoarthritic human articular
cartilage, in which adhesion of chondrocytes to fibronectin and overall protein synthesis is
significantly inhibited while extracellular collagenase activity is significantly increased,

glucosamine reetoted the adhesive properties of the chondrocytes, signiﬁcantly reduced
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extracellular collagenase act:vny and sxgmﬁcantly increased the rate of protein synthesw 14_ at
10. Thus, glucosamme axds in the synthems of proteoglycans and inhibits catabolic act:vny in
the extracellular matnx of caﬁﬂage, helping to maintain the proper balance essentia[,to cartilage
health. Id. at 10-11. - | |
Studies have shown that chondromn sulfate stimulated slgmﬁcant increases in the | s
_secretion of proteoglycans in nonosteoarthritic cartilage tlssue Id. at 12. Studxes thh mbb;ts :
have also shown that supplementation with chondroitin sulfatc significantly inhibited the .-
destruction of articular cartilage following a collagen injection ;nd significantly irihibited the
depletion of proteoglycans in articular cartilage following subsequent injection of bradykinin. -
Id. at 13. Those studies suggest that chondroitin sulfate also increases the rate of protein
synthesis essential to cartilage fl.mgfion and also suggest a role in the direct protection of articular
cartilage extracellular matﬁx macromolecules from the elevated degradative enzyme activities
characteﬁ;ﬁc of asymptomatic subclinical cartilage degeneration. Id. at 13. - Human clinical
trials and epidemiological studies are discussed in the following section. |

B. Scientific evidence demonstrates the public health benefits of glucosamine and
chondroitin sulfate '

Numerous clinical trials have evaluated the effects of glucosamine and choﬁdroitin
sulfate (separately and in combination) on the risk of, and pain, tenderness, and swelling
associated with, osteoarthritis, as well as the risk of joint degeneration and cértilage
deterioration.

1) Glucosamine studies

In two-randomized, double-blind, placebo-controlled clinical studies, compared to the
effects of placebo, dietary supplementation of subjects with mild to severe femorotibial

osteoarthritis w1th crystalline D-glucosamine sulfate for 1 month produced éigniﬁcantly greater
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reductions in articular pain, ténderness, swelling, and restriction of movemient, Exh:1at13. In
a recent long-term, randomized, doublé-blind study, 3 years of glucosamine suppl‘eme‘ﬁtaﬁén,b)".
subjects with mild to sé&ere femorotibial osteoarthritis produced significantly greater reductions
inv the mean rate of femorotibial joint space narrowing, of the WOMAC total pain score, of the
WOMAC indices of total knee health, paiﬁ, function, and stiffness, of the Lequesne ﬁmctlonal .
| index, and of pain assessed by a visual analog scale. Id. In a far-ranging multicenter openéiabel.
study, 1208 evaluable subjects were supplemented with gluc'osamine for 13t0 99 ‘da}‘vs.
Physician ratings of subject responses were highly favorable (“Good"- 58%; *‘Sufficient”-36%).
Id. at 14, |

Meta-analyses of available scientific studies have cqncluded that supplementation of
glucosa!nﬂne produced significantly greater reductions in the severity of osteoarthritic pain in a
variety of locations, msdﬁng in a lower level of voluntary consumption of NSAIDs
(nonsteroidal anti-inflammatory drugs). Id. Numerous other studies and results are included in

the scientific reported as Exh. 1. Additiopai studies are attached as Exhibit 7.

2) Chondroitin sulfate studies

As indicated in the enclosed scientific report and supporting science, in randomized,
double-blind, placebo-cdntrolied studies of subjects with femorotibial osteoarthritis ranging from
mild to severe, dietary supplementz;ﬁon with chondoitin sulfate consistently produced |
signiﬁcanﬂy greater. ciecreascs in the Lequesne Index of functional impairment and in the
severity of spontaneous joint pain assessed using a visual scale. Exh. 1 at 15. Inarandomized,
double-blind, placebo-controlled study of subjects with osteoarthritis of the interphalangeal
joints, daily supplementation with chondroitin sulfate produced a significantly greater decrease

in the number of subjects whose osteoarthritis had progressed. Id. at 16. In another randomized,
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double-blind, placebo-controlled study, 2 years of dietary supplementation with chondroitin
sulfate prod'uced‘ significantly greater decreases in the severity of spontaneous joint pain and
subjects reported decreased voluntary use of NSAIDs for rescue‘from pain. Id. In yet another
controlled study of subjects with early mild femorotibial osteoarthritis, 330 days of chondroitin
sulfate supp}leme'ntation produced significantly greater :decreases in the severity of: spontaneous

. joint pain assessed using a visual analog scale, pain on passive movement, pain on active |
movement, pain in the evening§ significantly greater increases in joint mobility and ambulation; ‘
and Aa significantly smaller decrease in mean articular cartilage thickness. Id. Further, in several
studies, the effectiveness of chondroitin sulfate in reducing pain associated with osteoarthritis
has been compared directly to the effectiveness of NSAIDs. Id. at 17.

Investigators applying meta-analyses of chondroitin sulfate supplementation studies have
concludgd that dietary supplementation with chondroitin splfate for at least 120 days produced
sig‘niﬁcahtly greater reductions in the Lequesne Index of function impairment and in the severity
of pain assessed using a visual analog scale than did plécebo,. Id. at 18. Other investigators
concluded that dietary supplementation with chondroitin sulfate by iﬁdividuals with osteoarthritis
consistently produced signiﬁcan‘t decreases in joint pain and significant increases in joint
function of small-to-moderate magnitude and that supplementation is “probably effective ’in
osteoarthritis in reducing pain and in improving joint function.” Id. at 18-19. Numerous other
studies ére analyzed in the scientific report attached as Exhibit 1 and additional studies are
attached as Exhibit 7. A

3) Siudy comparing effects of glucosamine with chondroitin sulfate

In an open label trial, subjects with femorotibial osteoarthritis consumed either

glucosamine or chondroitin sulfate. After 3 months, there were no significant differences
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: betweexi the groqps of squeéfs—-ﬁ% assessed their improvement as “good” without Side
eﬁ'ects Id.at 19 | | |
4) omhmatmn of glucogme and chondroitin sulfate in mlementago_n_
In one randomized, double-blmd, placebo-controlled clinical tnal, subjects with mild to
moderate femorotib@l osteoarthritis suppiemented thgir diets with either a combination of e
y,'.glucosamine and chondroitin sulfate‘of a placebo. After 6 months, the smpleﬁmﬁﬁon was
associated with significantly greater decreases in the Leques;x:’ie‘ index of functional impairment.
Id. at 20. In a.not.hér controlled triaL dletary supplementation with a éombinaﬁon of glucosamine
and choridroitin sulfate wés compared with a placebo in subjects with painful osteoarthritis of the
temporomandibular joint. Id. at 20. After 12 weeks, those supplemented with the comb.ination
exhibited signiﬁcantly greater decreases in témporomandibular joint tenderness and soundsagd |
in voluntary consumption of pain relieving medications without the production of side effects.
Id. Other studies are included in the scientific report attached as Exhibit 1. Additional studies
are attached as Exhibit 7. |
C. Scienﬁﬁc summary issues

1. Is there an optimum level of glucosamine and chondroitin sulfate to be consumed
beyond which no benefit would be expected?

' Clinical trials have tested daily doses ranging from 1500 mg to 2000 mg (glucosamine)
and 400 mg to 1200 mg (chondroitin) when taken separately, and 1000 mg to 1600 mg
(glucoéamine) and 800 mg to 1200 mg (chondroitin) when taken concurrently. Exh. 1 at 20-21; |
see also Exh. 2. The attached scientific report states that reliable and credible scientific literature
indicates that daily dietary supplementation of D-glucosamine at 1000 mg/day is effective in
reducing the risk of and joint pain, tenderness and swelling associated with osteoarthritis when

taken with at least 800 mg/day of chondroitin sulfate. Id. at 21. There is no evidence of an
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optimum level of either substance to be consumed beyond which no benefit is expected.
Moreover, there are no reports of overdosage. Exh. 3 at 95, 188.

2. Is there any level at which an adverse effect from the substance or from foods
containing the substance occurs for any segment of the population?

| There are no lévels identified at which adverse events occur for any segment of the
population. Exh. 3 at 95, 188 There is a lack of reports of adverse reactions in the published
scientific literature and the safety of oral supplementation with glucosamine ‘and chondroitin
sulfate have been documented in detail by several investigators. Exh. 1 at 14.
| 3. Are there certain populations that must receive special consideration?

:' The PDR for Nutritional Supplements cautions that because of insufficient safety data,
pregnant women and nursing mothers should avoid using glucosamine, and those with type 2
diaiaetes and those who are overweight who also have problems with glucose tolerance should
have theii' blood sugars carefully monitored. Exh. 3 at 188:. The PDR also cautions that because
of insufficient safety data, pregnant women and nursing mothgrs should avoid using chondroitin
sulfate, and caution should be exercised by those taking warférin and those with hemophilia

because of “the theoretical possibility of chondroitin sulfate’s antithrombotic activity.” Exh. 3 at
95.

4. What other nutritional or health factors (both positive and negative) are important
to consider when consuming the substance?

There are no harmful interactions with drugs for either substance. Id. at 95, 188.
Glucosamine may increase insulin resistance and consequently affect glucose tolerance. Id. at
188. Thus, the PDR suggests that diabetics who decide to use glucosamine supplements will

need to monitor their blood sugar and may }ieed to adjust the dosage of the medications they take
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to control blood glucose l&e'l's, 1d. The PDR also states that chitosan supplexiieniation may |
decrease the absorption of chondroitjn.sulfates if taken concurrently. - Id. at 95. | |
D. Potential effect vof the use of the proposed claims on food consumption, including
" significant alterations in eating habits and corresponding changes in nutrient

intakes C

The proposégl claimsy may in‘c:i'easé use of oral gluéosamine and chondroitin sulfate .
‘:supple.ments among the géﬁeral population, including populatiens-at risk of oswoattﬁﬁﬁs. 'i’he -
Petitioner does not anticipate substantial dietary changes in the general population but doeg :
expect there to bq some increase in qoﬁsumer preferences for glucpsamiﬁé and chondroitin,
sulfate-containing supplements. The effect on such people is expected to be beneficial, reduﬁin’g
the risk: of osteoarthritis; of osteoarthritis-related joint pain, tenderness and swelling; and of j(;int

degeneration and cartilage deterioration.

" E. Prevalence of the disease or health-related condition in the U.S. population and the
relevance of the claims in the context of the total daily diet. ‘

As discussed above, the proposed health claims respond to a major public health concern
in the United States: osteoarthritis; osteoarthritis-related joint pain, tenderness and swelling; and
joint degeneration and cartilage deterioration. Osteoarthritis is one of the most frequent causes
of physical disability among adults, affecting more than 20 million Americans. Nﬁtional
Institute of Arthritis and Musculoskeletal and Skin Diseases, National Institutes of Health,
Handout on M______‘Q;s_tég_a;‘t__hnj_t_i_s_._ (attached as Exhibit 2). Itis tﬁe most corhmon form of
arthritis. Id. Beforé age 45, osteoarthritis ;)ccurs more frequently in males. After age 45,
osteoarthritis occurs more frequently in females. Id. By 2030, 20 percent of Americans—about.
70 million people—will have passed their 65™ birthday and will be at risk for osteoarthritis. Id.

The presence of glucosamine and chondroitin sulfate in the cartilage of fish and animals

has not been measured as a part of the daily diet. Supplementation is the most effective method
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t& achieve the levels of glucosamine and chondroitin sulfate in order to have nwutritive effect. As
the attached. scientific report indicates,; the reliable and credible .scientiﬁc literature indicates that
daily dietary supplementation with 1500 mg of D—glucosaniinc sulfate is effective in reducing the
r;sk of, and joint pain, tenderness and sweiling assdciated'with, osteoarthritis ‘when taken .alone, '
and 1000 mg a day when combiﬁedwith chondroitin sulfate Id. at21. The reliableand -
credible scientific iiteratpre indicates that daily dietary suppie_mentaﬁon with 1200 mg of ..
chondroitin sulfate, consumed alone or with glucosamine is effective in reducing the risk of
ostééarthritis and of joint pain, tendemeés, and swelling associated with osteoarthritis, Id. Thus,
both spbstances offer a safe, -inexpensive; and readily accessible means for reducing the risk of
osteoarti;ritis; osteoarthritis-related joint pain, tenderness, and swelling; and Jjoint degeneration
and 'cartilgge deterioration.
Iv. Analﬂ ical Method

The amount of glucqsamine contained in a dietary supplement that may be a candidate
for bearing the health claims can be ascertained by }ﬁgii~Pcrfonnance Liquid Chromatography
(HPLC) .accc»rding to the Petitioner, Weider Nutrition International, the Institute for
Nutraceutical Advanc;,cment, and the University of Alberta, Edmonton, Alberta, Canada, as well
as by Glucosamine Rapid Assay, according to the Department of Microbiology and
Immunology, University of British Columbia. See Exh. 5. The amount of chondroitin sulfate
contained in a dietary supplement that may be é candidate for bearigg the health claims can be
ascertained by the Cetylﬁyridinium Chloricie (CPC) Titratioﬁ Method according to the Petitioner
and the Institute for Nutraceutical Advancement. See Exh. 6.

V. Proposed Model Claims

Petitioner proposes the follow model claims for glucosamine and chondroitin sulfate:
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¢ Glucosamine may reduce the risk of osteoarthritis.
o Chondroitin sulfate may reduce the risk of osteoarthritis.
¢ Glucosamine and chondroitin sulfate may reduce the risk of osteoarthritis. .

‘e ~ Glucosamine may reduce the risk of .osteoarthritis-related joint pain, tendernesé and

ewolling. -
STF ‘rlllllev

. Chondroitin sulfate may reduce the risk of osteoarthritis-related joint pain,
tenderness and swelling, .

¢ Glucosamine and chondroitin sulfate may reduce the risk of osteoarthritis-related
" joint pain, tenderness and swelling. ‘ ‘

¢ Glucosamine may reduce the risk of joint degeneration,
° ‘. Chondroitin sulfate may reducé the risk of joint de,generatibn. '
. Giucosamine and chondroitin sulfate may reduce the risk of joint degeneration.'

¢ Glucosamine may reduce the risk of carﬁlagg deteﬁoration.

. (ﬁmndroiﬁn sulfate may reduce the risk of cartilage deterioration.

¢ Glucosamine and cimndfoitin sulfate .mas' réduce the risk of cartilage deterioration.

Multiple studies have shown that oral supplementation with glucosamine and chondroitin

sulfaté significantly reduces the risk of osteoaﬁhritiS; osteoarthritis-related pain, ien;iemess, and
swelling; joint degeneration; and cartilage deterioration. Moreover, clinical trials have préven

the safety of those substances for the general population.

V1. Attachments

| Attached are copies of the sciehtific studies and other information refereénced in, and
constituting the basis for, this petition. To the best of the Petitioner’s knowledge, all non-clinical
studies rélied upon were conducted in compliance with thé good laboratory practices regulations
set forth in 21 C.F.R. Part 58, and all clinical or other human investigations relied upon were

either conducted in accordance with the requirements for institutional review set forth at 21 -
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C.F.R. Part 56 or were not subject to such requirements in accordance with 21 C.F.R. § 56.104 or
56.105, and were conducted in conformance with ﬁe requirements for hforﬁed consent set forgﬁ
in21 C.F.R. § 50 eq seq. See generally, 21 C.F.R. § 101.7 (¢)~(d).
VII. Environmental Impact

The requested health claim approvals sought in this petition are categorically excluded -
from the enmnmmw imﬁact statement requirements under 21 C.F.R. § 25.24. | |
VI Conclusion and Certification |

For the for@oing reasons, the Petitioner requests that the FDA approve the proposed
health claims. The Petitioner looks forward to working with tﬁe FDA in promulgating a
 regulation authorizing the use of dietary supplement health claims concerning the association
between glucosamine and chondroitin sulfate and the risk of osteoarthritis; of osteoarthritis-
related pain, tenderness, aﬁd swelling; and of joint degeneration and cartilage deterioration, |

Any questions coﬁceming this Petition may be directed to Jonathan W'. Emord, Esq. or to
Claudia A. Lewis-Eng, Esq., Emord & Associates, P.C., 5282 Lyngate Court, Burke, VA 22015
(202) 466-6937.

The undersigned certify on behalf of the Petitioner that to the best of Petitioner’s
knowledge and belief, the Petiﬁon includes all information and views on which ﬁle Petitioner

relies and is a represeniative and balanced submission that includes unfavorable information as



well as favorable information known by the Petitioner to be pertinent to evaluation of the

proposed health claims.
| Sincerély,
e
Vénathan W Emord " Claudia A. %:’é@_i__ :j-
Andrea G. Ferrenz
Jonathan R. Goodman
Kathryn E. Balmford
Cou;zsel to -
Weider Nutrition International, Inc.
~ Emord & Associates, P.C.
@  5282Lyngate Court

Burke, VA 22015

P: (202) 466-6937
F: (202) 466-4938

Email: jemord@emord.com; ¢ ew;g-eng@emord com
Date submitted: May 29, 2003
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 EXHIBIT1



Based on my review of the reliable and credible scientific literature regarding articular
cartilage: biochemistry and physiology, cartilage degeneration, degenerahve joint disease
and osteoarthritis, I conclude that there i is s&gmﬁcant sc:ennﬁc agreement in support of
the following health claims:

~ e Glucosamine may reduce the nsk of osteoarthnns
. Chondromn sulfate may reduce the risk of osteoarthritis.
o Glucosan'xine and chondroitin sulfate may reduce the risk of osteoarthrit_ié;

"o Glucosamine may reduce the nsk of osteoarthntxs-related _]omt pam, tenderness
" and swellmg

e Chondroitin sulfate may reduce the risk of osteoarthnt:s—related joint pain,
tenderness and swelling. .

¢ Glucosamine and chondroitin sulfate may reduce the risk of osteoarthritis-related
*  joint pain, tenderness and swelling.

o Glucosamine may reduce the risk of ‘joint degeneration.

;. Chondroitin suifate may reduce the risk of joint degeneration.

'o‘ Glucosamine and chon&oiﬁn sulfate may reduce the risk of joint‘degeneration,. :
¢ Glucosamine may reduce the risk of cartilage deterioraﬁon. |

¢ Chondroitin sulfate may reduce the risk of cartilage deterioration.

o Glucosannne and chondroitin sulfate may reduce the risk of cartllage ’
deterioration. :

Composition and Physiologic Functions of Articular Camlage and the Blochemlc_al
and Physiologic Roles of D-Glucosamine and Chondromn Sulfate

Cartilage is composed of a complex extracellular matnx of collagen and elastic fibers
 within a hydrated gel of glycosaminoglycans and proteoglycans. This specialized
network is stabilized by means of intermolecular and intramolecular cross-links that
harness the swellmg pressure exerted by the high concentration of negatively charged
aggregates. Th1s accounts for more than 98% of the articular cartilage volume; cellular
components constitute the remaining 2%. The interaction of these matrix components
imparts the characteristic biomechanical properties of ﬁembﬂxty and resistance to
compression. The collagen component of the cartilage matrix is relatively inert, but the
_other constituents, such as proteoglycans, undergo a distinct turnover process during



whlch the catabolism and removal of molecules ﬁ'om the extracellular ma.tnx isin
balance with the synthesis and deposmon of new molecules

Proteoglycans are large macromolecules consisting of multiple chams of
glycosaminoglycan disaccharides and oligosaccharides attached to a central protem core
that provide a framework for collagen and also bind water and cations, forming a viscous,
L elastxc layer that lubricates and protects the cartilage tissue. The presence of these

" negatively charged aggregates imparts to the matrix of articular cartilage its strong

affinity for water and is the most significant contributor to the biomechanical properties . -
of cartilage. The glycosaminoglycans most common in human connective tissue- include
the disaccharides keratan sulfate, dermatan sulfate, hepann sulfate and chondroitin sulfate .
and the oligosaccharide, hyaluronan. Theyconsist of amino sugars, which are repeating -
disaccharide units composed of a hexuronic acid (D-glucuronic acxd iduronic acid, or L-

- galactose) and a hexosamine (D-glucosamine or D-galactosamme)

The main disaccharide units of cartilage glycosaminoglycans are formed by the (1-3) -
linkage of D-glucuronic acid to N-acetylglucosamine; disaccharide units are linked by
[3(1—-»4) galactosamine links. The D-galactosamine residues are sulfated either in position
* 4 (as in chondroitin-4-sulfate) or 6 (as in chondroitin-6-sulfate). The sulfate groups,
together with the carboxyl groups of D-glucuronic acid, are ionized at tissue pH, ,

- conferring to the chain a strong global electronegative charge. 510 Inadequate sulfate -
availability resulting in the production of undersulfated proteoglycans will reduce theu

electronegatxve charge and water carrying oapacxty

Glucosamme (2-amino-2-deoxyalpha-D-glucose) is an aminomonosaccharide that serves
as a substrate for the biosynthesis of chondroitin sulfate, hyaluronan, and other
macromolecules located in the extracellular cartilage matrix. The conversion of L-
glutamine and D-fructose-6-P to L-glutamate and D-glucosamine by L—glutannne-n-
fructose-6-P amidotransferase (E.C. 2.6.1.16) is the rate-limiting step in proteoglycan
synthesis. 1315 ThlS reaction may be bypassed if D-glucosamine is available within the
cell cytoplasm 7 ‘Whatever its source, D-glucosamine is phosphorylated and the
resulting D-glucosamme-6~P is acetylated to N-acetyl- D-glucosamine, the common
precursor forthll_’e biosynthesis of keratan sulfate, dermatan sulfate, chondroitin sulfate and

: hyaluronan.1 '

Chondroitin sulfate is a glycosaminoglycan that is polymerized into long, unbranched
polysacchande chains in which some of the constituent chondromn moieties (composed
of D-glucuronic acid and N-acetyl- D-glucosamine) are sulfated.’® Close control of
chondroitin sulfate synthesis determines chain length, disaccharide composition and .
degree of sulfation, which vary with anatomic location, stage of development and age and
are heterogeneous. 1924 For example, the sulfation pattern of chondroitin disaccharides in
normal human articular cartilage varies. The deeper layers of immature cartilage contain
4 times more sulfated residues than the upper regions of the immature tissue contain (as a
result of polysulfatlon of some chondroitin residues in the extracellular matrix of the

deeper regxons) 21 All regions of the extracellular matrix of immature articular



cartllage containa smaller ratxo of chondroitin-6-sulfate to chondmltm-4- sulfate than i 1s
typlcal of the extracellular matrix of articular cartilage in adults.'*?! . :

Chondroitin sulfate polymers are secreted mto the extracellular matrix covalently bound
to proteins, forming protein-polysaccharide complexes called proteoglycans. Ina -
proteoglycan, about 100 chondroitin sulfate chains, each containing 50 to 60 disaccharide
;  units of chondroitin sulfate, are covalently attached to a polypeptide backbone composed

of over 2,000 amino acids (the serine-rich core protein-with a molecular welght of ‘
250,000 to 300,000 daltons). This covalent O-linkage occurs between a terminal D-
xylose or D-galactose.residue that had been added to the polysaccharide chainanda
serine or threonine residue on the core protein, with one chondroitin sulfate chain per 20
or so amino acid residues. The total molecular weight of an mdmdual proteoglycan

monomer is 1; 500 000 to 2,500, 000 daltons.’

One end of the core protem ofa proteoglycan is non-covalently Imked to a long
polysaccharide filament of hyaluronan through a link protein; the connection is achieved
by a globular region of the link protein that surrounds the terminal portion of the core .
protein and a stretch of 5 disaccharide units along the length of the hyaluronan chain 26
There are two structurally related N-terminal globular domains, G1 and G2, of which
only G1 (and not G2) is involved in the aggregation of proteoglycans with hyaluronan.
The interglobular domain joining G1 and G2 contains protemase-sensmve sequences
which appear to be the key sites for cleavage during aggrecan turnover.> Approximately
100 core protems are bound to an individual hyaluronan chain, at regular intervals of 300
A, forming a unit of aggrecan, the large molecular mass proteoglycan-hyaluronan
aggregate predominant within the extracellular matrix of articular cartilage.

The hydrodynamic properties of this aggregate determine the load-bearing capacity of
articular tissue. As the electronegative charges of aggrecan draw water into the tissue, a
large osmotic swelling pressure is created that swells and expands the extracellular
matrix. This pressure produces tension within the interlacing collagen network of the
matrix; balance is achieved when tension in the collagen network prevents further entry
of water. Articular cartilage tissue swollen with water expresses substantial compressive
resilience and offers considerable resistance to fluid flow and redistribution of water. -
Fully hydrated articular cartilage tissue behaves as a stiff elastic polymer when exposed
to sudden impact loading, with pressure-induced displacement of water from the matrix
with little or no effect on matrix macromolecules (although sustained loads will produce
slow inelastic déformation). Removal of loading allows re-entry of water and a return to

the pre-loading high-tension equilibrium condition, 15272

Age and the Composition of Articular Cartilage

In rabbits, fetal articular cartilage is softer than is adult articular cartilage because fetal
articular cartilage contains a greater proportion of polysulfated chondroitin sulfates and
therefore its water binding capacity is greatc:t.‘w In rats, as age increases from birth to



mature adulthood, the extent to which nonosteoarthnuc arttcular cartilage extracellular
matrix chondroitins are sulfated decreases s:gmﬁcantly In dogs, increasing age is .
accompanied by significantly decreased chondroitin sulfate and proteoglycan content of
articular cartilage and reduced aggregability of the remaining proteoglycans.3? Similarly,
calf articular cartilage proteoglycans are larger on average than are proteoglycans in,
nonosteoarthmlc adult bovine articular cartilage (and contain larger chondroitin sulfate
polymers) 3 In addition to decreasing average size of matrix proteoglycans and
chondroitin polymers, the ratio of chondroitin 6-sulfate to-chondroitin 4-sulfate in the
extracellular matrix of articular cartilage increases with increasing age

In humans, mcreasmg age is accompanied by a decreasmg proportion of chondromn
sulfates in the extracellular matrix of nonosteoarthritic arttcular cartﬂage S and increases
in the ratio of chondroitin 6-sulfate to chondroitin 4-sulfate**?” and in the free

. glucosamine content of the tissue.> Furthermore, the average chondroitin sulfate content
of individual articular cartxlage proteoglycans decreases, im gau'm g the ability of
proteoglycans to aggregate spontaneously with hyaluronan.™ In addition, the ability of
proteoglycans to aggregate spontaneously with hyaluronan is decreased as a result of an
increased incidence of defect in the core protein of newly-synthesized proteoglycans. @
Consequently, the aggrecan content of the extracellular matrix of articular cartilage in.

* adults is significantly lower than that in chlldren : .

In “normal but aged” human chondrocytes (mean age of donor: 68.8 +/- 4.2 years), basal
(unstnnulated) synthesis of matrix-degrading stromelysin-1 and collagenase is
significantly greater than in chondrocytes harvested from joints of “normal young adults”
(mean age of donor: 28.6+/- 7.1 years). Therefore, “aging” may sensitize chondrocytes
to the effects of accelerators of extracellular matrix degradation and may increase the -
requirement of chondrocytes for exogenous substrate to support the synthesis of new and
replacement matrix macromolecules.*! '

Precipitating Events Producing Cartilage Degeneration and Mechanical Failure

Osteoarthritis is a multifactorial, polygenic disorder involving mechanical, biochemical,
environmental, systemic and genetic factors that contribute to imbalance between

synthesis and degradation of cartilage matrix.*** Chronic imbalance in matrix
macromolecule turnover producing net loss of articular tissue is a required precursor to
the development of osteoarthritis and joint pain.

There are numerous potential etiologic triggers that can initiate the progression of events
culminating in tissue failure. For example, quadriceps muscle weakness significantly

increases the risk for osteoartlmtls in humans*® and laxity in a joint may precede fallure

of the cartilage matrix.* Interstitial fluid pressurization during loading contributes more
than 90% of load support, shielding the collagen-proteoglycan matrix from excessive
stresses and reducing friction at the articular surfaces.* A chronic imbalance of shock-



absorbmg and welght-—beanng muscles affecting joint alignment*™® or overloadmg from .‘ .

excessive body welght mduces a nnld yet chronic metabolic unbalance in the aﬁ'ected
-articular cartilage. .

Whenever mechanical stress exceeds the tissue’s load-bearing capacity, chondrocyﬁe and -
synoviocyte secretion of the cytokines interleukin-1p (IL-1B), interleukin-6 (IL-6) and . -
" tumor necrosis factor-o. (TNF-ot) and nitric oxide (NO) is stimulated. These cytokines

auto-stimulate chondrocyte and synoviocyte secretion of matrix metalloproteinases ‘
(collagenase, gelatinase, aggrecanase, elastase, and fibronectin-degrading stromelysin-1)
and inhibit chondrocyte synthesis of cartilage-specific proteoglycans and type II collagen.
The resulting imbalance between synthesis and degradation of extracellular matrix.
components results in a net decrease in matrix content of aggrecan, type I collagen’ and
other matrix macromolecules 42’“’50 ,

IL-1B, IL-6, TNF-a and nitric oxide also stimulate the clonal expansion of chondrocytes .
whose daughter cells may express a “fetal” differentiation pattern during early metabolic
imbalance in articular camlage ! and produce inferior repair matrix prone to ﬁbnllanon
and mechanical failure. 243 Spontaneous repair matrix produced in early asymptomatic
subclinical osteoarthritic change exhibits a heterogeneous composition more closely
resembling that of fibrous cartﬂage,s2 with inferior blomechamcal competence”’“
resulting in functional incompetence and penshablhty In addition, the abnormal
newly-synthesized matrix may be fibronectin-deficient or may undergo accelerated -
hydrolysis of fibronectin by stromelysin-1, in either case disturbing chondrocyte
anchorage to the extracellular matrix (“anchorage dependence™) and inducin, % ,‘ajpoptosm
and hypocellulanty (chondrocyte survival requires attachment to substrate).

In early asymptomatic subclinical osteoarthntxc change in humans, reactive proliferation
of extracellular articular cartilage matrix results in the production of abnormally large and
more extensively sulfated chondroitin sulfate polymers and significantly decreased total
glycosaminoglycan content (similar to the matrix of nonosteoarthritic humnan articular
cartilage after partial enzymatic hydrolyszs“) and sxgmﬁcantly decreased proportion of
proteoglycans of nonosteoarthritic molecular sizes. 5760 Overall, there is a significantly
increased proportion of nonaggregated proteoglycans, significantly decreased average.
size of proteoglycan aggregates (aggrecan) and incorporation of significantly smaller-
than-normal-for-age chondroitin sulfate chains into newly-synthesized proteoglycans, .
significantly decreased total chondroitin suifate content (and therefore decreased water
binding ga})aclty), and a significantly lower ratio of chondroitin 6-sulfate to chondroitin
4-sulfate. Both the abnormally small proteoglycans and the abnormally large
proteoglycans are unable to aggregate with hyaluronan to form aggrecan. “ In addition,
osteoarthritic human articular cartilage exhibits increased synthesis of more readily
hydrolyzable (easily degradable) collagens. 65,66

In cell culture, human articular chondrocytes harvested from osteoarthritic joint cartilage
produced proteoglycans that differed from those produced by human articular



chondrocytes harvested from nonosteoartbntlo joint camlage 7 These proteoglycans
resembled “fetal-type” proteoglycans with increased chondroitin 4-sulfate contentand an -
“increased percentage of smaller proteoglycans than is typical of the proteoglycans
produced by chondrocytes harvested by nonosteoarthritic human articular cartilage.®

The synthesis of temporally inappropriate proteoglycans is accompanied by a. -
significantly accelerated rate of degradation of older, more typxcal-for~age

' "pmteoglycans

In & rat model of the initiation of osteoarthritic change, mcreased mechanical stress on
articular cartilage i mcreases the ratio of chondroitin 6-sulfate to chondroitin 4-sulfate in
the extracellular matrix.”® Mechanical compression of articular cartilage stimulates
intrachondrocytic cyclo-oxygenase activity, resulting in increased production of PGE,, an
inducer of inducible NO synthase-2 (iNOS) activity; consequently, mtrachondrocyuc NO
production is increased in proportion to the magnitude of eompressmn and increasing
local compression increases the recruitment of compression-responsive N O-producing

articular chondrocytes. " NO stimulates chondrosgftlc synthesis of matrix
metallo u:otemases,72 nascent (inactive) IL~113, and interleukin-1-converting enzyme _
(ICE) ICE activates nascent inactive IL-IB 5 Activated IL-1p inhibits chondrocytic
synthesis of proteoglycans ™ and collagen 7 and stimulates chondrocytic synthesis of
' stromely‘;m—l . collagenase # anda presumptive aggrecanase enzyme that cleaves
aggrecan. As osteoarthritic change progresses, IL-1p also stimulates increased NO
' productlon, N;) further stimulates chondrocytic synthesis of matrix |
metalloproteinases - and accelerates the progression of osteoarthritis through the

establishment of a cooperative positive feedback cycle. 828 addition, chondrocytes
harvested from osteoarthritic human articular cartilage synthemze growth-related
oncogene-o. (GRO-0)) in response to IL-1p; GRO-o. stimulates degradation of fibronectin
by stromelysin-1, producing anoikis (cell death resultmg from loss of normal cell-

substratum contact)

Chondrocytes harvested from osteoarthritic human joints exhibit a reduced anabolic
response to insulin-like growth factor-1 (IGF-1) (“IGF resistance™* ’85) and may have
reduced ability to transport glucose from the extracellular fluid into the cell for
glycosaminoglycan synthesis. 86 Therefore, osteoarthritic chondrocytes may have an
increased requirement for glucosamine of extracellular origin. 28759 In addition, IGF-1
stimulates net synthesis of proteoglycans able to form aggrecan by nonosteoarthritic adult
- bovine articular chondrocytes in-cell culture. 0 «GF resistance” may contribute to the
etiology of osteoarthritis by down-regulating the production of replacement aggrecan.

Oxidative stress also may impair the synthesis of matrix macromolecules by articular
chondrocytes. Inhibition of chondrocyte y-glutamyl-cysteine synthetase results i in
reduced intrachondrocytic glutathione concentration and decreased incorporation of
sulfate into newly-synthesized proteoglycans and of proline into newly-synthesized

collagen.gl



Chromc Degeneration of the Extracellu ar Matnx of rtlcul r Cartila )
Required Precursor to Osteoarthritis - ‘ ,

Changes in the macromolecular composition of the extracellular matrix of atticular

. . cartilage are characteristic of clinically apparent osteoarthritis. The ratio. of chondroitin
6-sulfate to chondroitin 4-sulfate in the extracellular matrix of the articular cartilage of
osteoarthritic mice is significantly greater than the ratio m the extracellular matrix of
articular cartilage in age-matched nonosteoarthritic mice.”? Osteoarthritic rat articular -
cartilage, compared to nonosteoarthritic articular cartilage, exhibits significantly
decreased total proteoglycan, chondrmtm 4:sulfate and chondoitin 6-sulfate contents and
significantly increased stromelysin-1 (fibronectin-degrading) actlvxty * In addition, the
‘percentage of apoptotlc chondrocytes in the tissue is significantly increased.”
Proteoglycans in osteoarthritic adult bovine articular cartilage are larger than normal
adult bovine articular cartilage proteoglycans (with larger chondroitin sulfate polymers)
and closely resemble proteoglycans found in the articular cartilage matrix of calves.®
Osteoarthritic equine articular cartilage contains a significantly increased proportion of
unsulfated disaccharides and a significantly decreased proportion of chondroitin 6~
sulfate.® The articular cartilage of Cynomolgus macaque monkeys with arthritis exhibits
increased production of abnormal chondroitin sulfate-containing polymers 9

In degenerative joint disease in dogs, affected articular cartilage contams significantly:
increased amounts of newly-synthesized large chondroitin sulfate-rich and glucosamme-
and galaotosamme?oor _proteoglycans typical of those produced by immature canine
articular cartilage. As cartilage degeneration progresses, affected canine articular
cartilage exhibits significantly increased production of abnormal chondroitin sulfate-
containing polymers, significantly increased water content, significantly increased
proteoglycan content, significantly increased percentage of smaller proteoglycans and
significantly decreased percentage of chondroitin sulfate in proteoglycans.>”%% Some
newly synthesized proteoglycans are abnormally large (containing abnormally long -
chondroitin sulfate chains) and a second population of proteoglycans are abnormally
small; both have lost the ability to aggregate spontaneously with hyaluronan,

compromising the hydrodynamic properties of the tissue. 100

Pathologic changes in cartilage matrix composition and organization alter the afﬁmty of
the matrix for water and produce excessive cartilage deformation under loading. 101,102
When chronic, excessive tissue deformation induces adaptive structural and
compositional changes that confer increased stiffness in the tissue, 5 increasing its
vulnerab;hty to the compressive, tensile and shear forces that occur during normal joint
f\mcnon Grossly apparent cartilage erosion does not appear until the tlssue has lost

considerable stiffness and is undergoing progressive mechanical failure. 45



As a result of the changes occurring in articular cartilage, abnormally transmitted ‘
mechanical stress produces microfractures within the tissue matrix that in turn increase o
. the stresses on surroundmg tissue and induce increased chondrocyte secretion of -
metalloprotemases % The subsequent enzymatic tissue degradation potentiates local
tissue stress and initiates a positive feedback loop. Increased loadmg on subchondral
bone stimulates the attempt to reduce mechanical stress by mcreasmg joint surface area
.. - through the production of bone spurs (osteophytes) at the joint margms (which confer the
hard bony enlargement that is characteristic of chronic osteoarthritis).®®

The Cugminaﬁon of Matrix Degeneration in. Osteoartgritié

In the US, the mc1dence of at least one joint with osteoaxthrms among those aged 15t0

40 years is about 5%; this increases to over 60% among those over 65 years old. 1%

Overall, the &revalence of at least mildly symptomatic osteoarthritis in at least one joint is
about 30%. Symptomatxc osteoarthritis of the knee occurs in about 6% of US adults

aged 30 years and older,! although radiographic changes of the femorotibial

compartment occur in 5% to 15% of people aged 35 to 74 years. 107

Clinical osteoarthritis (also known as degeneratxve joint disease) is characterized by focal
loss of cartilage and hypertrophic bone spurs Although the term osteoarthritis refers
to.the overgrowth of bone at the margins and subchondral areas of the joint, and despite
the eventual bony involvement in later stages of the disease, osteoarthritis is marked by
net loss of cartilage tissue. Initial loss of articular cartilage tissue is mild but may
progress to full thickness erosions and eventual bone-to-bone contact (loss of all joint
space). Narrowing of the joint space may reflect other degenerative changes in addition
to articular cartilage erosmn,m8 as cartilage degeneration progresses, subchondral bone
density and volume i mcrease (consistent with increased transrmsswn of load bearmg into

the subchondral bone)

The pmnary complaint in osteoarthritis is pain, particularly upon use of the affected
Jomt % Pain can be accompanied by varying degrees of joint stiffness, limitation of
movement, tenderness and swelling at the joint margins and loss of function.

Osteoarthritis often is asymmetric. There are no systemic symptoms outside the affected

103
joint.

Possible causes of pain in human osteoarthritis include osteophyte growth with stretching
of the periosteum, increased intraosseous pressure, microfractures, ligament damage,

capsular tension, meniscal injury and synovms Radxologlcally measured decrease in
joint space is significantly correlated with increase in pain severity, although the clinical

utility of pain assessment as an estimator of joint deterioration is under debate m.



" Bioavailability of Supplemental Glucosamine and Chondroitin Sulfate

: D-Glucd&amine There are 3 forms of commercially-available D-glucosamine: D- -

glucosamine (MW: 179), D-glucosamine-HCl (MW: 270) and D-glucosamine sulfate (a
derivative of the naturally occurring camlage extracellular matrix constituent,

aminomonosaccharide D-glucosamme, 2 MW '456). Because of the differences in’

.molecular size, 1500 mg of D-glucosamine-HCl provides as much D-glucosaniine as is .

provided by 2600 mg of D-glucosamine sulfate or 1040 mg of D-glucosamine. A daily .
mtake of 1500 mg of D-glucosamine sulfate is equivalent to a daily intake of between 15
and 30 mg/kg body Welght A

In studies in rats, 90% to 95% of ingested D-glucosamme sulfate was absorbed intact into
the blood and about 30% of newly absorbed D-glucosamine sulfate was incorporated into
newly synthesized proteoglycans in articular cartilage tissues. 13114 1, studies in
humans, consumption of 314 mg of crystalline D-glucosamine sulfate was followed by
the absorption of about 280 mg (about 90%) intact into the bloodstream; about 50% of

this amount (about 140 mg) survived hepatic ﬁrst-pass extraction mtact 5 When the
consumption of 1884 mg occurred as one bolus or in three divided intakes of 626 mg

‘every 4 hours, there was no difference intotal D-glucosamine sulfate bioavailability to

systemic tissues (about 40% to.50% of the amount ingested). Other investigators have

" reported that over 90% of mgested D-glucosamine sulfate was absorbed intact into the

human enterohepatic circulation.! """ Ope investigator reported that about 75% of

ingested D-gluc;)ls;mme sulfate was bioavailable to body tissues following hepatic first-
pass extraction.

In healthy subj ects, mgestlon of D-glucosamine sulfate was followed by increased serum

sulfate concentration. In contrast, ingestion of sodium sulfate did not effect serum sulfate
concentration, suggesting that dietary supplementation with D-glucosamine sulfate might
provide D-glucosamine, free sulfate and D-glucosannne sulfate for proteoglycan

8
synthesis. u

Chondroitin sulfate: In dogs, rats, mice and rabbits, about 0% to 15% of an ingested mix
of chondroitin sulfates was absorbed intact. 119124 In these species, absorption favors
chondroitin sulfate polymers with molecular weights <14,000 daltons.'>® In 311 species
studied, some inorganic SO4~ 2 also was absorbed following cleavage of SO472 from the
chondroitin sulfate polymers by sulfatases. 42,119-124

In humans, between O% and 15% of an oral bolus of chondroitin sulfates is absorbed
intact into the blood.!?* In addition, another 10% to 20% is absorbed following
hydrolysis to smaller polymers (<5000 daltons) prior to absorptxon 28,129 However, the

biological activity of these smaller polymers has been questr;oned. The absorption of
chondroitin sulfates probably is not nil; the consumption of either 800 mg or 3000 mg of
mixed chondroitin sulfates significantly increased plasma chondroitin sulfate

' concentration 3 hours after inéesﬁonl”’lsl and the consumption of 800 mg daily for 5



days increased plasmé chondroitin sulfate concentration from undetectable levels to a
mean of 1.80 mcg/mlL, suggesting that the systemic bloavallabﬂlty of intact chondroitin
sulfates in humans is about 12% of the amount mgested.

In cultures of chondrocytes harvested from nonosteoarthritic rat articular cartilage, IL-IB
inhibits the expression of UDP-glucoronosyltransferase I mRNA, resulting in decreased
synthesis of proteoglycans and their precursors. 132,133 Conversely, IL-18 stimulates
intrachondrocytic producuon of the catabolism-inducing factors, NO and PGE,, resulting
in increased expression of mRNA coding for the extracellular fibronectin degrading
metalloproteinase enzyme, stromelysin-1. 132 The addition of D—glucosamme to the
culture medium prevented IL-lﬂ-mduced inhibition of the expression of UDP-
glucuronosyltransferase I mRNAP?13 and of proteoglycan synthesis, D213 s wellas
IL-1p-induced activation of pro-apoptotic nuclear factor KB (NF-I(B) 133 The addition of -
D-glucosamme-HCl to the culture medium of nonosteoarthritic equine articular cartilage
explants in organ culture prevented IL-1p-induced increases in the activities of
stromelysin-1, collagenase and gelatinase and bacterial lipopolysaccharide (LPS)- and IL-
1p-induced increases in the production of NO and PGE; and the degradation of
extracellular matrix proteoglycans. 134-137 Similarly, crystalline D-glucosamine sulfate
added to the culture media of chondrocytes harvested from osteoarthritic human articular
cartilage inhibited the inherent'**™ and IL-1 ]B-mducedr"‘z’139 catabolic actlvxty of
metalloproteases secreted by the chondrocytes and stimulated the synthesis of
physiologically-relevant proteoglycans with chemical characteristics of proteoglycans
synthesmed by chondrocytes harvested from nonosteoarthritic human articular

cartilage. 138,140 By unknown but presumably similar mechanisms, dietary
supplementation with D-glucosamine sulfate (50 mg/kg body weight daily) conferred to
rats resistance to kaolin-and adjuvant-induced tibio-tarsal arthritis. 141

Both D-glucosamine-HCl and D-glucosamine sulfate added to the culture medium of .
nonosteoarthritic rat femoral articular cartilage explants in organ culture significantly
increased the rates of collagen and proteoglycan synthesis and partially prevented
nonstercndal anti-inflammatory drug- (NSAID)-induced inhibition of proteoglycan
synthesns Smularly, crystallme D-glucosamine sulfate stimulated the production of
proteoglycans by chondrocytes harvested from nonosteoarthritic human articular cartilage

in cell culture. 142 When added to the culture media of chondrocytes harvested from -
osteoarthritic human articular cartilage, in which adhesion of chondrocytes to fibronectm
and overall protein synthesis are significantly inhibited while extracellular collagenase
activity is significantly increased, D-glucosamine restored the adhesive pro ies of the
chondrocytes, 143 sxgmﬁcantly reduced extracellular collagenase actlwty and
significantly increased the rate of protein synthcsxs * Osteoarthritic articular cartilage
tissue samples harvested from rabbits that had been fed diets supplemented with D-
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| glucosanune-HCl (20 mg/kg body weight daily) exhibited significantly accelerated rates.
of synthesis of new proteoglycans compared to artlcular cm'txlage tissue samples ,
' harvested from unsupplemented ammals

D-glucosamine appears to act by interrupting message transduction. Following transport
across the chondrocyte cell membrane by the GLUT-2 and GLUT-4 glucose :
':uansponers,l o supplemental- D-glucosamme stimulated the expression of IL.-1 cell
membrane receptor subtype II, which binds IL-18 ‘Wwith high affinity but produces an
inactive receptor-ligand complex, effectively intercepting IL-1B-based signal
transmission. 13 In addition, when D-glucosamine was added to the culture medium of -
nonosteoarthritic bovine articular cartilage explants in organ culture in concentrations
that significantly inhibited IL-1g-induced aggrecanase cleavage of aggrecan, lactate
production was unaﬁ'ected and D-glucosamine was incorporated into newly-synthes:zzd
‘chondroitin sulfates.”® D-Glucosamine-HCI also stimulated sulfate incorporation into-
- chondroitin sulfates in the extracellular matrix of nonosteoarthritic bovine articular
cartilage explants in-organ culture 7 In contrast, concentrations of D-glucosamine-HCI
sufficiently high to compromise cell viability in nonosteoarthritic bovine articular
cartllage explants in organ culture™® or in nonosteoarthritic canine chondrocytes in cell
culture™®” also significantly mhlblted proteoglycan synthesis. These findings indicate
 that the inhibition of IL-1 B-induced catabolism was not an artefact of D-glucosamme- .

induced general inhibition of chondrocyte cellular metabehsm 139

In other cell culture models, D-glucosamme—HCl (. 01 1o 1.0 mM) dose-dependently
suppressed the superoxide anion generation induced by formyl-Met-Leu-Phe (fMLP) or
complement-opsonized zymosan and inhibited the phagocytoms of complement-
opsonized zymosan or IgG-opsonized latex parucles Smnlarly, D-glucosamine-HC1
sxgmﬁcantly inhibited fMLP-induced up-regulation of CD11b, polymerization of actin,
and actlvauon via phosphorylat;on of pro-apoptotic p38 mitogen-activated protein kinase
(MAPK) 5 In addition, D-glucosamine-HCl inhibited the release of lysozymes from
phagocytozing ng.atrophxls and suppressed neutrophil chemotaxis toward zymosan-
activated serum.” Furthermore, supplemental D-glucosamine inhibited the activation of
T-lymphocytes and the reactivity of leukocytes without producing signs of cellular
tox1c1ty 1" All of the effects of supplemental D-glucosamine provide evidence that its
immunomodulatory, anabolic and anticatabolic properties result at least in part from
interaction with intercellular and intracellular cytokine-based communication systems.

Biochemical and Physiologic Roles of Chondroitin Sulfate in the Preservation of
Articular Cartilage :

In cultures of chondrocytes harvested from nonosteoarthritic human knee joint articular

cartilage, supplemental ctystalline chondroitin sulfate polymers (Condrosulf® Sanova
Pharma, Vienna, Austria; 55% chondroitin 4-sulfate, 38% chondroitin 6-sulfate, 5%
. unsulfated chondroitin sulfates, 1% disulfated chondroitin sulfates, 1% non-chondroitin

11



compounds average molecular welght 24,000 daltons) bind to a specific cell membrane
receptor, possibly CD36, prior to transport into the chondrocyte cell cytoplasm.m ‘When
added to culture media, both Condrosulf® and a synthetic mixture of chondroitin 4
sulfate and chondroitin 6-sulfate (Structum Smith Kline Corp. Philadelphia, PA;
undefined polydlsperse mixture of chondroxtm 4-sulfate and chondroitin 6-sulfate) .
_sxgmﬁcanﬂy stimulated the productlon of proteo 4%'lycans by nonosteoarthritic human

articular cartilage chondrocytes in cell culture. Paradoxically, high concentrations
(>1000 meg/mL) of Condrosulf® i in the culture medium induced concentrahon—dependent -
downregulatlon of the expression of mRNA coding for aggrecan 154 '

An undefined mix of chondroitin sulfates stimulated significant increases in the secretion
of proteoglycans in nonosteoarthritic camlage tissue’>> and by embryonic articular

cartilage chondrocytes in cell culture,’®® Chondroitin 4-sulfate alone added to the culture

" medium stimulated significant increases in the secretion of proteoglycans and in the

incorporation of sulfate into chondroxtm-contaxmng proteoglycans by embryonic arncular
cartilage chondrocytes in cell culture,*®

A synthetic nuxture of chondroitin 4-sulfate and chondroitin 6-sulfate (Structum®)
prevented IL-1p-induced inhibition of total proteoglycan synthesis by nonosteoarthritic -
human articular cartilage chondrocytes in cell culture. 153 * Similarly, undefined mixtures -
of chondroitin sulfates (10 mcg/mL) prevented IL-1 B—mduced inhibition of total:

158 is3
proteoglycan synthesis -~ and IL-1B-induced stimulation of stromelysin-1 act1v1ty in
cultures of nonosteoarthritic human articular cartilage chondrocytes. Individually, both

chondroitin 4-sulfate and chondroitin 6-sulfate significantly inhibited the secretion of the
endopeptldase cathepsin B, by cultured nonosteoarthntlc rabbit-articular
chondrocytes. 5 However, very low concentrations of undefined mixtures of
chondroitin sulfates (<1 mcg/mL) failed to significantly inhibit PGEz secretion or
bacterial LPS-induced production of NO by nonosteoarthritic equine articular cartilage
tissue explants in organ culture either alone or when added to significantly inhibitory
concentrations of glucosamine-HCL"’ In contrast, concurrent exposure of chondrocytes
harvested from nonosteoarthritic articular cartilage and grown in cell culture to
chondroitin sulfate (100 mcg/mL) partially inhibited the pro-apoptotic effect of NO
added in amounts that when added alone slgmﬁcantly increased the percentage of

cultures chondrocytes undergomg apopt051s % Inthe same model system, although

concurrent exposure was ineffective, the addition of chondroitin sulfate to the culture

medium 72 hours before the addition of sodium mtropruss1de gSNP) prevented SNP-
induced stimulation of NO production and cellular apoptosis.

Diets supplemented with mixed chondroitin sulfates prevented chymopapain-induced

degradation of knee articular cartilage in nonosteoarthritic rabbits. 1 Dietary
supplementation with chondroitin 6-sulfate (100 mg/kg body weight daily) significantly
inhibited the destruction of articular cartilage following subsequent injection of type II

collagen in Freund’s adjuvant on day 14 in nonosteoarthritic mice’®® and significantly
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: inlﬁbited the depletioo of proteoglycans in articular camlaga following subsequent

m_pectxon of bradykinin on day 14 in nonosteoarthritic rats. .

| Fragments of large chondroitin sulfate chains similar to those found in the blood after the

oral ingestion of large chondroitin sulfate chains and their degradation prior to the .
absorption of the fragments significantly inhibited directional chemotaxis, phagocytosns
and cytokme«stxmulated release of Iysozymes in human leukocytes in vitro.’! Both
polydisperse mixtures of chondroitin sulfates 165,166 and Matrix® (a defined mixture of
25% chondroitin 4-sulfate and 75% chondroitin 6-sulfate"®” ) inhibited the activity of -
human leukocyte elastase in vitro. The mhlbltory actmty was limited to chondroitin
sulfate polymers larger in size than 2000 dattons,"®®'® may be limited to chondroitin 6-
sulfate' ™ and increased with the degree of sulfation of the potymers.''”! Although
only an indirect indicator of events in cartilage, but consistent with an anticatabolic role
for supplemental chondroitin sulfates, plasma clastase activity was significantly
decreased in nonosteoarthritic rats following 8 days of dietary supplementation with a
mixture of chondroitin sulfates (600 mg/kg body weight daily). Sa report that in vitro
both chondroitin 4-sulfate and chondroitin 6-sulfate compete. with hyaluronan for
dlgestton by hyaluronidase suggests an additional role for supplemental chondroitin
sulfates in the direct protection of articular cartilage extracellular matrix macromolecules

from the elevated degradative enzyme activities characteristic of asymptomatlc

subclinical cartilage degencratxon. 172

Sugplemcntal D-Glucosamine and O'steoarthritis_

Dietary supplementation with D—glucosannne-HCl (2000 mg/day) produced a
s1gmﬁcamly greater decrease in subjective pain assessment in 12 weeks than did placebo
in adults with regular knee pain that had not yet progresscd to clinically identifiable
osteoarthritis. However, there were no significant differences in the improvement in
clinical or functional tests of joint motion and balance. In contrast, dietary
supplementatlon with D-glucosanunc-HCl (1500 mg/day) for 2 months was no better than
the consumption of placebo in relieving joint pain in individuals with mild to severe

femorotibial osteoarthritis." ">

On the other hand, in 2 randomized double-blind placebo-controlled clinical studies,
compared to the effects of placebo, dietary supplementation of subjects with mlld to

severe femorotibial osteoarthritis with crystalline D-glucosamine sulfate (Dona 1500
mg/day) for 1 month has produced significantly greater reductions in articular pain,
tenderness, swelling and resmcuon of movement.)”®?”” In another study, short-term

dietary supplcmentatlon with Dona® (1500 mg/day) 4 weeks produced a significantly
greater decrease in the Lequesne functional index of impairment and a significantly
greater increase in the percentage of “responders™ (subjects experiencing a decrease of at

least 3 pomts in the Lequesne index) than did placebo 178 Compared to subjects
consuming placebo, subjects consuming D-glucosamine sulfate experienced no
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differences in the mcldence or seventy of side effects ot in the results of routine clinical
chemistry, hematology, unnalysxs, heart rate; blood pressure or body wei ght. Sumlarly,
dietary supplementation with Dona (1500 mg/day) for 6 to 8 weeks prociuced '
significantly greater decreases in  joint pain, tenderness. and swelling and in the number of
days until - mpmvement was noted in joint pain, tenderness or swellmg as well as
significantly greater increase in the percentage of patients expetiencing some degree of:

» - improvement in joint pain, tenderness or swelling without producmg differences in the -

. incidence or severity of side effects or in hematologlc or unnary variables, compm to

the effects of placebo consumptlon 17

In long-term tandomxzed double-blind placebo-controlled clinical studles, compared to
the effects of placebo, 3 years of dietary supplementation with Dona (1500 mg/day) by
subjects with mild to severe femorotibial osteoarthritis produoed significantly greater
‘reductions in the mean rate of femorotibial joint space narrowing (measured as the wxdth
of the medial femorotibial joint space, with the knee in full extension, by visual
inspection; the “preferred gold standard outcome™ in studies of osteoartl'mtlsm) the -
WOMAC total pain score, the WOMAC indices of total knee health, pain, function and
stiffness, the Lequesne functional index and pam assessed by a visual analog scale 181
In addition, the number of subjects experiencing “severe” (i.e., > 0.5 mm) joint space
narrowing was significantly smaller after 3 years of dietary supplementatlon with D- -
- glucosamine sulfate. However, among those subjects consummg D-glucosamine sulfate
those with less severe osteoarthritis at baseline tended to experience better responses.
Furthermore, 3 years of daily dietary supplementation with 1500 mg of D-glucosamine
sulfate produced no greater number or severity of side effects, including_changes in the
results of routine annual clxmcal laboratory examinations, than did 3 years of
consumption of placebo.

In a far-ranging multicenter open-label study, a total of 1208 evaluable subjects were
supplemented with Dona® (1500 mg/day).for 13 to 99 days Phys:cxan ratings of
subject responses were highly favorable: “good” (59% of subjects), “sufficient” (36% of
subjects) and “insufficient” (5% of subjects). The best response was experienced by
subjects with osteoarthritis of the knee or elbow, while those with osteoarthritis of the hip
fared more poorly. The effect of D-glucosamine sulfate on pain scores was directly
proportional to the duration of supplementation. In a more targeted open-label study, 69
young athletes (mean age 19 years) with cartilage degeneration of the knee
(biochemically similar to osteoarthritis) received dietary supplementation with Dona®
(1500 mg/day for 4 days, then 750 mg/day for 90 to 120 additional days. 183 A fer 120

. days, complete remission of symptoms (patella-grinding sound, patella-displacement
pain, patella-pressure pain) was reported for 76.5% of the subjects.

In two uncontrolled studies, subjects thh femorotibial osteoarthritis were supplemented

with either Dona® (1500 mg/day) or ibuprofen (1200 mg/day) for 4 weeks. 184,185 | 4 oth
studies, both groups engnenced similar significant decreases in the Lequesne index of

1 functional 1mpa1nnent and in pain at rest, pain during movement, pain under loading
and joint swc‘.,lhngl (compared to baseline). However, in both studies there were .
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sxgmﬁcanﬂy more adverse events and adverse event-related trial dropouts among the .
subjects consummg ibuprofen. In a similar uncontrolled study, subjects with femorotibial -

.osteoarthritis were s p&lemented with exther Dona® (1500 mg/day) or lbuprofen (1200

mg/day) for 8 weeks.'* In this study, Dona® produced a significantly greater decrease in.
subjective assessment of lcnee pam with no difference in the incidence or severity of side
effects.

Among subjects with osteoarthritis of the temporomandibular joint, D-glucosamine
sulfate (Jamieson™; Windsor, Ontario, Canada; 1500 mg/day for 90 days) '
supplementation produced a slgmﬁcantly greater decrease in pain assessed using vxsual
analog scale compared to the pain relief afforded by ibuprofen (1200 mg/day for 90
days) There were no significant differences between D-glucosamine sulfate and
ibuprofen in the productxon of significant reduction in masticatory muscle pain and
significant increases in pain-free mouth openmg and voluntary mouth opemng

Several groups of investigators have applied the techmques of meta-analysis to evaluate
dietary supplementation with D-glucosamine sulfate. One investigator concluded that the.
randomized double-blind placebo-controlled studies of adequate quality to include in the
analysis demonstrated that dietary supplementation with D-glucosamine sulfate produced
significantly greater reductions in the Lequesne Index of functional impairment, the .
severity of pain assessed using a visual analog scale and voluntary consumptlon of
NSAID's for rescue from pain than did placebo (the effect sizes were “large ’)

addition, it was concluded that D-glucosamine sulfate has demonstrated a conswtently
excellent safety profile. o _

Other investigators concluded that dietary supplementation with D-glucosamine sulfate
by individuals with osteoarthritis consistently produced s&gmﬁcant decreases in joint pain
and szgmﬁcant increases in joint function of small-to-moderate magmtude % that dietary
supplementatlon with D-glucosamine sulfate is “probably effective in osteoarthritis in
reducing pain and in improving joint function”'"” and that dietary supplementauon with
D-glucosamine sulfate (1500 mg/day) produces signifi cantly increased pain relief in ,
individuals with femorotibial osteoarthntls accompanied by an excellent safety proﬁle

When only “high quality” stud:es were considered by another investigator, it was
concluded that dietary supplementation with D-glucosamme sulfate by individuals with
osteoarthritis produced an approxmately 50% reduction in pain with a similar
improvement in function (a “large” effect consistently greater than that of pla«;ebo).w1
However, it was noted that the quality of most published studies concerning dietary
supplementation with D-glucosamine sulfate by individuals with osteoarthritis has been
generally poor and that the magnitude of the reported effects of dietary supplementation
with D-glucosamine sulfate are likely to be inflated by weaknesses in the study designs
and analysis. Nonetheless, it was concluded that, despite their poor flaw's, the available
published studies demonstrate a significant degree of efficacy for dletary supplementation

with D-glucosamine sulfate.’
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Supplemental: Chondroitin Sulfate and Osteoarthng

In randomized, double-blind, placebo-controlled studies of sub;ects with femoroubxal
osteoarthritis ranging from mild to severe, compared to the effects of placebo, dietary

supplementation with Condrosulf® (Sanova Pharma, Vienna, Austria; 55% chondroitin 4-

sulfate, 38% chondroitin 6-sulfate, 5% unsulfated chondroitin sulfates, 1%% disulfated.

chondroitin sulfates, 1% non-chondroxtm co! gounds average molecular weight: 24,000
daltons, 800 mg/day for 6 mionths,'*? 1 year " or 2 years™* or 1200 mg/day for 3 '
months'” or 6 months 96) consistently produced significantly greater decreases inthe
Lequesne Index of functional impairment and in the severity of spontaneous joint pain
assessed using a visual analog scale. After 1 year, subjects consuming 800 mg/day also
exhibited significantly smaller increases in serum concentrations of osteocalcin (a
biomarker of new bone formation) and keratan sulfate (a biomarker pf proteoglycan

" degradation) and urinary excretions of pyridinoline and deoxypyridinoline (bxomarkers of

collagen degradation), although overall mobility and the mean rate of narrowing of the -
internal femorotibial space were not affected by dietary supplementation with chondromn

ulfates 193 However, subjects consuming 800 mg/day for 2 years exhibited significantly
smaller decreases in the mean internal femorotibial space. 1 In none of these studies did

 dietary supplementation with chondroitin sulfates produce a mgmﬁcant increase in the

incidence or severity of side effects. 192-196

| 'In a randomized, double-blind, placebo-controlled study of subjects with osteoarthritis of

the hip ranging from mild to severe, daily supplementauon with Condrosulf‘m (1200 mg

for 24 weeks) produced significantly greater decredses in the Lequesne Index of

functional impairment, the severity of spontaneous joint pain assessed using a visual
analog scale and the voluntary use of nonsteroidal anti-inflammatory drugs (NSAID’s)
for rescue from pain, although in this short-term study the mean rate of narrowing of the
internal femorotibial space was not affected by dietary supplementation with chondroitin

sulfates.”” In a randomized, double-blind, placebo-controlled study of subjects with
osteoarthritis of the interphalangeal joints, daily supplementation with Condrosulf® (1200
mg for 3 years) produced a s:§mﬁcantly greater decrease in the number of subjects whose

osteoarthritis had progressed.” However, there was no effect on the progression of
osteoarthritis of the metacarpal joints. Even after as long as 3 years of daily
supplementation there were no significant differences in the incidence or severity of side

. 1
effects or adverse reactions. %

In three short-term open-label studies, dxetary supplementation with Condrosulf® (400

mg/day, 199 800 mg/day or IZOOmg/day ! for 3 months) significantly reduced the
severity of spontaneous joint pain assessed using a visual analog scale and the voluntary
use of nonsteroidal anti-inflammatory drugs (NSAID’s) for rescue from pain in subjects
with osteoarthritis of the interphalangeal, femorotibial or hip joints. One study reported
97% subject compliance with supplementationm and no study reported clinically
significant side effects. . .
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Ina randomwed, double-blmd, placebo-controlled study of subjects with early nnld
femorotibial osteoarthritis, 2 years of dietary supplementation with Matrix® (25% .
chondroitin 4-sulfate and 75% chondroitin 6-sulfate; IRBI S.p.A., Rome, Italy; 800 -
mg/day) produced significantly greater decreases in the severity of spontaneous joint pain
assessed using a visual analog scale and the voluntary use of nonsteroidal anti- .~

"' inflammatory drugs (NSAID’s) for rescue from pam. In another randomxzed, double-
blind, placebo-contmlled study of subjects with early mild femarotibial osteoarthritis,
330 days of dletary supplementation with Matrix® (200 mg/day) produced significantly
greater decreases in the severity of' spontaneous joint pain assessed usmg a visual analog
scale, pain on passwe movement, pain on active movement, and pain in the evening;
significantly greatet increases in joint mobility and ambulation; and a s1gmﬁcantly '
smaller decrease in mean articular cartilage thickness (measured echographlcally)
neither trial were the incidence or severity of side effects or adverse reactions .
slgmﬁcanﬂy different among the subjects consuming Matrix® or placebo. Similarly, in

an open label pilot study, dietary supplementation with Matrix® (1200 mg/day for2 .
months) significantly reduced the severity of spontaneous Jomt pain assessed using a
visual analog scale without producing side effects.

Subjects with femorotibial osteoarthritis ranging from mild to severe have participated in
three studiess during which one group of subjects received supplemental :
Condrosulf®(800 mg/day) for 3 months, placebo for 3 months, Condrosulf®(800 mg/day)
for 3 months and placebo for 3 months while a second group of subjects consumed only
placebo for 12 months. 205207 In all 3 studies, after 12 months, despite having consumed
only placebo for the 3 months prior, subjects previously supplemented with Condrosulfm
exhibited significantly greater decreases in the Lequesne Index of functional impairment,
the severity of spontaneous joint pain assessed using a visual analog scale and the mean
rate of narrowing of the internal femorotibial space. In one study, the supplemented
subjects also exhibited significantly smaller decreases in femorotibial joint articular
surface area, femorotibial joint space volume-and femoral articular cartilage: thickness.
In addition, between months 9 and 12 in this study (when both groups consumed
placebo), unlike the subjects consummg placebo for 12 months, the sul mgc—:f.:ts previously
consuming Condrosulf™ did not experience rebound increase in pain.” In another
study, after 12 months, despite having consumed only placebo for the 3 months prior,
subjects prev:ously supplemented with Condrosulf® exhibited significantly smaller
increases in the serum concentration of cartilage oligomeric matrix protein (COMP) (a
biomarker of synovial and cartilage inflammation), serum concentration of keratan
sulfate (a biomarker of proteoglycan degradation), and urinary excretion of pyridinoline
and deoxypyridinoline (biomarkers of collagen degradat:on), confirming the
anticatabolic properties of supplemental chondroitin sulfates. 205 1n contrast, serum
concentrations of osteocalcin were not significantly affected, suggesting that ‘
supplemental chondroitin sulfates do not actively influence bone metabolism or

. turnover. 2%5 1n none of the 3 trials were the incidence or severity of side effects or

206
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' adverse rzgg_czt;gns SIgmﬁcantly dlﬂ'erent among the subjects consuming Condrosulfm or
placebo

The effectiveness of dletary supplementation with Condrosultm in reducmg pain has been:
compared dn'ectly to the effectiveness of NSAID’s. Subjects with femorotibial .
osteoarthritis ranging from mild to severe were supplemented with either :

‘Condrosulf® (1200 mg/day) or diclofenac sodium (150 mg/day) for 3 months, aﬁer which

both groups of subjects were supplemented with placebo for another 3 months.?® Afier
3 months of active supplementation, both groups of subjects exhibited similar significant
decreases (compared to baseline) in the Lequesne Index of functional i mpau-ment, the
severity of pain at rest assessed using a visual analog scale and the severity of painon
loading assessed using a visual analog scale. However, after 3 subsequenit months of
placebo, pain increased sxgmﬁcantly in subjects previously supplemented with

* . doclofenac sodium but did not increase in subjects prewously supplemented with

Condrosulfw

In two preliminary open-label studies, the diets of subjects with osteoarthuritis of the
femorotxblal or hip joints were supplemented with 1000 mg/day to 1500 mg/day of
Structum® (Smith Kline Corp. Philadelphia, PA; undefined polydlsperse mixture of
chondroitin 4-sulfate and chondroitin 6-sulfate) forup to 4 months.*®
Supplementation was reported to have produced significant decreases in pain, with up to
- 85% of subjects reporting reduced pain and enhanced mobility.*! When the diets of
similar subjects were supplemented with 1000 mg/day of Structum® for 6 months, pain at
rest disappeared completely in 57% of subjects with femorotibial osteoarthritis and in -
46% of subjects with osteoarthritis of the hip and pain with movement disappeared
completely in 17% of subjects thh femorotibial osteoarthritis and in 13%% of subjects
with osteoarthritis of the hlp Durmg the 6 months of this open-label study, joint
function improved significantly while voluntary consumption of NSAID?s for rescue
from pain decreased significantly. In a similar 3-month placebo-controlled study, 1000
mg/day of Structum® produced 31gmficantly greater decreases in the Lequesne Index of
functional impairment, the severity of pain at rest assessed using a visual analog scale
and voluntary consumption of NSAID’s for rescue from pmn.212 After 3 subsequent
months of discontinuation of supplementation, no significant return of pam occurred
among the previously-supplemented subjects. There were no chmcally significant side
effects in any reported study of dietary supplementation ’Wlﬂl Stmctum 209212

In a randomized placebo-controlled study of subjects with femorotibial osteoarthritis,
dietary supplementation with mixed chondroitin sulfates (1000 mg/day; unknown source)
for 3 months produced significantly greater decreases in the Lequesne Index of functional

impairment and the severity of pain at rest assessed usmg a visual analog scale. 213 No
significant differences occurred in the severity of pain with activity assessed by use ofa
visual analog scale or in the incidence or severity of side effects. Among the previously-
supplemented subjects, pain had not returned three months after discontinuation of

. supplementation. In a randomized placebo-controlled study of subjects with severe
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osteoarthritis of the proximal interphalangeal joints, dietary supplementation with mixed .
chondroitin sulfates (800 mg/day; unknown source) for 2 years produced significantly
greater decreases in the depth of erosmns of the femoral articular surface and in the ‘

number of painful joints per subject

* Subjects with severe osteoarthntxs of the proximal mterphalangeal joints recewed daewy

- supplementatxon with Chondral (a polydisperse mixture of chondroitin sulfates; Societa -

Prodotti Antibiotici, Milan, Italy; 800 mg/day) either with or without naproxen (500
mg/day). 215 After 2 years, the combination of Chondral® and naproxen produced

significantly slower progression of cartilage erosmns, but the progression of clinical
osteoarthritis was not arrested.

Several groups of investigators have applied the techniques of meta-analysis to evaluate
dietary supplementation with chondroitin sulfates. One group concluded that 7
randomized double-blmd placebo-controlled studies were of adequate quality to include
in their analysis. 216 These studies demonstrated that when.consumed at 1200 mg daily
for at least 120 days, dietary supplementatmn with chondroitin sulfates produced
significantly grcater reductions in the Lequesne Index of functional impairment and in the
severity o 6pmn assessed using a visual analog scale than did placebo (the effect size was
“large”) In addition, 65% of subjects consummg chondroitin sulfates will be expected
' to benefit more than if they were consuming placebo and, in general, adverse effects were
more ﬁ-equent when placebo was consumed than when chondroitin sulfates were
consumed. 26 Other investigators concluded that dietary supplementatlon with
chondroitin sulfates by individuals with osteoarthritis consistently produced significant
decreases in gomt pain and significant increases in joint function of small-to~moderate -
magmtude and that dietary supplementation with chondroitin sulfates is “probably

effective in osteoarthritis in reducing pain and in improving joint function. »107

When only “high quality” studies were considered by another investigator, it was
concluded that dietary supplementation with chondroitin sulfates by individuals with
osteoarthritis produced an approximately 50% reduction in pain with a similar
improvement in function (a “large” effect consistently greater than that of placebo).
However, it was noted that the quality of most published studies concerning dietary
supplementation with chondroitin sulfates by individuals with osteoarthritis has been
generally poor and that the magnitude of the reported effects of dietary supplementation
with chondroitin sulfates are likely to be inflated by weaknesses in the study designs and
analysis. Nonetheless, it was concluded that, despite their flaws, the available published
studies demonstrate a mgmﬁcant degree of efficacy for dietary supplementation with

chondromn sulfates 91
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The application ofa phaxmacokmetlc-pharmacodynaxmc model of intake-dependent
effects resulted i in the estimation that dietary supplementation with chondroitin sulfates

(especially Condrosulf®, 1200 mg/day) “can reduce baseline pain and algofunctional
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mdwes by over 80%”; it was estlmated that about half of this benefit can be expenenoed |
in about 35 days of supplementanon, ,

Comparison;of Supp' !emental D-Glucosamine andChondlfoiﬁn Sulfate

. In an open-label trial, subjects with femorotibial osteoarthritis consumed elther‘D-
glucosamine sulfate (unknown source; 1500 mg/day) or mixed chondroitin sulfates

(unknown source; 675 mg/day) After 3 months there were no significant dlﬁ'erenoes v
between the two groups of sub]ects 72% of all subjects self-assessed their improvement
as" good" without side effects. The extent of improvement in pain during moderate
exercise following supplemenmuon was inversely proportional to the severity of pain
during moderate exercise prior to the initiation of supplementation (subjects with the

‘most severe pain responded the least to elther dletary supplement)

0steoarﬂlgtis

In a rabbit surgical model of osteoarthritis, following surgery five groups of rabbits were
fed either a control diet or the control diet supplemented thh either D-glucosamme HCl,
mixed chondroitin sulfates, manganese ascorbate or Cosamin® for 16 weeks.?! Upon
sacrifice, the rabbits fed either the control diet or the control diet supplemented with
either D-glucosamine HCI, mixed chondroitin sulfates, or manganese ascorbate exlnblted
no significant differences in the area of articular cartilage surface lesions, the percentage
of animals exhibiting severe lesions, the rates of synthesis or degradation of articular
cartilage proteoglycans or the magnitude of IL-1B-induced collagenase activity. In
contrast, dietary supplementanon with Cosamin~ produced significantly greater '
decreases in the area of articular cartilage surface lesions, the percentage of animals
exhibiting severe lesxons and the magnitude of IL-1p-induced collagenase activity. In
this model, Cosamin® had no effect on the rates of synthesis or degradation. of artlcular

cartilage proteoglycans.

Combinations of Chondroitin Sulfate and D-Glucosamine and Osteoarthritis

In a randomized double-blind placebo-controlled clinical trial, subjects with mild to
moderate femorotibial osetoarthritis supplemented their diets with either a combination of
D-glucosamine-HCl (1000 mg/day), mixed chondroitin sulfates (800 mg/day) and
manganese ascorbate (152 mg/day) (2 tablets of Cos.mnm® Nutramax L aboratories, Inc.)
or placebo. 220 After 6 months, dietary supplementatlon with Cosamin® was associated
with significantly greater decreases in the Lequesne index of functional impairment,-
although there was no difference in WOMAC g scores or in subject self-assessment
between subjects supplemented with Cosamin ™ and those supplemented with placebo. In
~ addition, subjects with severe femorotibial osetoarthritis experienced little improvement.
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There also was no difference in the incidence or seventy of side effects. In another
randomized double-blind placebo-controlled clinical trial, subjects with mild to modetaté
femorotxbxal osetoarthritis or osteoarthritis of the lower back supplemented their diets
with either a combination of D-glucosamine-HCl (1500 mg/day), mixed chondroitin

sulfates (1200 mg/day) and manganese ascorbate (228 mg/day) (3 tablets of Cosamin®; 3

Nutramax Laboratories, Inc.) or placebo 1 After 16 weeks, Cosamm"-supplement:ed
‘subjects with femorotibial osetoarthritis exhibited sxgmﬁcantly greater decreasesin -
summary disease score, subject self-assessment of f pam, severity of pain assessed using a
visual analog scale, but there was no difference in maximum running times.. Subjects .
with osteoarthritis of the lower back exhibited no response to the dietary supplement.
There were no intergroup differences in the incidence or severity of side effects.

In a randomized double-blind placebo-controlled trial, dnetary supplementation with D-
glucosamine-HCl (1500 mg/day) plus mixed chondroitin sulfates (1200 mg/day) was
" compared with placebo in subjects with painful osteoarthritis of the temporomandibular

Jomt After 12 weeks, subjects supplemented with D-glucosamme-HCl plus mixed .
chondroitin sulfates exhibited significantly greater decreases in temporomandibular joint
tenderness-and sounds and in voluntary consumption of pain relieving medications
without the production of side effects. In an uncontrolled study of subjects with chronic
temporomandlbular joint osteoarthritis, 80% of subjects reported self-perceived decreases
" in temporomandibular joint sounds during dietary supplementation with .a combination of
D-glucosamine-HCI (1600 mg/day), mixed chondroitin 4- and 6-sulfates (1200 mg/day)

and calcium ascorbate (1000 mg/day) NOW Foods, Glendale Heights, IL)

Daily Intake of Su lemental Glucosamine that 1s Effective in Reducing the Risk of

Osteoarthritis

The reliable and credible scientific literature indicates that daily dietary supplementation
with 1500 mg of D-glucosamine sulfate is effective in reducing the risk of osteoarthritis.

When combined with dietary supplementation with choxidroxtm sulfates (at least 800
mg/day) daily dietary supplementation with 1000 mg of D-glucosamine-HCl is effective
in reducing the risk of osteoarthritis.

‘Risk of Osteoarthritis

The reliable and credible scientific literature indicates that daily dietary supplementation
with 1200 mg of chondroitin sulfate (containing chondroitin 4-sulfate and chondroitin 6-
sulfate in approximately equal proportions), whether consumed alone or in combination

with supplemental D-glucosamine sulfate or D-glucosannne-HCl is eﬁ'ectxve in reducing
the risk of osteoarthritis.
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Safety of Daxh Intakes of Sugnlemental Chondroitin Snﬁate and D—Glugosamm
that are Ef ve in Reducing the Rxsk of Osteoarthri o

D-Glucdsamine is present in all foods containing cartilage or glycoproteins. 17 It has not

been possible to estimate an LDsg for oral D-glucosamine sulfate because no deaths have
occurred in mice and rats from intakes of up to 5000 mg/kg body weight 24 Dady

" dietary supplementation with 2149 mg of D-glucosamine sulfate perkg body weight

produced no systemic or gastromtestmal adverse reactions in dogs Horses fed8g of
D-glucosamine-HCl daxly for 48 weeks (equivalent to about 16 mg/kg body. weight daily

in an adult human) 2exl:nbxtcz:d no effects on bone metabolism. 25 humans, intra-
artlcular (200 mg) or intramuscular injection of D-glucosamine sulfate (200 mg
once*2® or 400.mg daily for 7 daysnuu) produced no adverse reactions. Dietary

supplementation with D-glucosamine sulfate' " '°" or D-glucosamine= HC:lm'"m'm"222
for up to 3 years did not produce an increase in the incidence or severity of side effects in
placebo-controlled human studies.

The most common side effects reported by humans consuming D-glucosamine sulfate
include reversible epigastric pain, epigastric tenderness, heartburn, nausea, diarrhea,

dyspepsia, vomiting, constipation, drowsiness, headaches, and mild skin reactions. 182,185

" Oral D-glucosamine sulfate does not interfere with the efficacy of medications for

cardiovascular, liver, or lung diseases, diabetes or depressaonzz7 or produce insulin
resistance in rats’>” or humans 181’230 However, oral D-glucosamine sulfate may
potentiate active peptic ulcers."® Qbesity may reduce responszveness todietary
supplementation with D-glucosamine sulfate. 1

In rats and rabbits, oral chondroitin sulfate polymers (1 g/kg body weight daily) produced
no effects on mutagenesis or reproductive function.® In the isolated rabbit intestinal loop
model of the digestive tract, no change in the amplitude of intestinal contractions or in the
tonicity of the intestine was noted in the presence of 1 to 3 mg/mL chondroitin sulfate
polymers. At intakes of 0.25 to 1.0 g/kg body weight, no change occurred in the rate of
intestinal transit in mice. Chondroitin sulfate polymers do not modify the coagulatxon
time. Intravenous chondroitin sulfate polymers (25 to.100 mg/kg body weight, perfused
at a rate of 25 mg/min) had no effect on the human electrocardiogram; 100 mg/kg
induced a slight and transitory decrease of arterial pressure. However, chondroitin sulfate
polymers can cause an increased respiratory rate and amplitude. No change in the
volume or the electrolyte concentration of human urine was found after subcutaneous

administration of 100 mg/mL of chondroitin sulfate polymers

In an analysis of 16 human studies that included a total of 372 subjects, it was concluded -
that dietary supplementation with chondroitin sulfate polymers (800 mg/day) did not

produce more adverse events than did placebo Dxetary supplementation with
chondroitin sulfate polymers for up to 2 years did not increase the incidence or severity

of side effects in placebo-controlled human studies. 192-198,202,203,205-207,212-214,220-222
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Conclasions

Maintaining the structural and functional integrity of the préteoglycan component
of the extracellular matrix of articular cartilage is required for preservation of
healthy joint architecture and biomechanics. h B

 [mbalanced metabolism favoring catabolism within the extracellular matrix of

articular cartilage produces degenerative changes in the proteoglycan composition
of the matrix. - . AR

Compromise of the structural and functional integrity of the proteoglycan
component of the extracellular matrix of articular cartilage results in net loss of
articular cartilage tissue, inferior biomechanical competence and structural
deformation of joint architecture. ' '

Net degradation of the éxtmcellular matrix of articular cartilage, accompanied by
the production of spontaneous repair matrix with abnormal proteoglycan :

. composition, results in asymptomatic subclinical osteoarthritic change.

The progression of asyinptomatic osteoarfhriﬁc change to osteoarthritis is not -
inevitable. : " ‘ B

The progression of osteoarthritic change is fequjre‘d in order for abnormalities in
articular cartilage composition and structure to progress to osteoarthritis.

Osteoarthritic change in the absence of joint ‘pain represents a modifiable risk
factor for later development of osteoarthritis.

Dietary supplementation with D-glucosamine, glucosamine-HCl, glucosamine
sulfate or chondroitin sulfate contributes to the preservation of articular cartilage,
inhibits the initiation of osteoarthritic change in articular cartilage and inhibits the
progression of osteoarthritic.change to symptomatic osteoarthritis.

Dietary supplementation with D-glucosamine, glucosamine-HCI, glucosamine

sulfate or chondroitin sulfate is an effective modifier of osteoarthritic change and
reduces the risk for osteoarthritis.
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" 5 Summim ngclus_iog
In conclusion, I ﬁnd that there is sxgmﬁcant sclentxﬁc agreement in support of the
following health claims:

R4

G}I.ucosamme may reduce the risk of osteoarthritis.
Chondroitin sulfate lﬁay reduce the risk of osteoarthritis.

Glucosamine and chondroitin sulfate may reduce the risk of osteoarthritis.

. Glucosamine may reduce the risk of osteoarthnus-related Jomt pain, tenderness:

and swelling.

. Chondroitin sulfate may reduce the risk of osteoarthntxs—related joint pam,

tenderness and swelling.

Glucosamine and chondroitin sulfate may reduce the risk of osteoarthritis-related

joint pain, tendemess and swelling.

Glucosamine may reduce the risk of joint degeneration.

" Chondroitin sulfate may reduce the risk of joint degeneration.

Glucosamine and chondroitin sulfate may fe'duce the risk of joint degeneration,

" Glucosamine may reduce the risk of cartilage deterioration.

Chondroitin sulfate may reduce the risk of cartilage deterioration.

Glucosamine and chondroitin sulfate may reduce the risk of cartilage
deterioration.

Michael J. Glade, Ph.D., FA.CN., CN.S.
(a copy of my CV is attached)
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REDUCES THE RISK OF OSTEOARTHRITS
" JOINT STRUCTURE DETERIORATION AND
RELATED JOINT PAIN AND LIMITATION OF FUNCTION
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September 17, 2003
" PETITIONER: thta Pharmaceuticals, Inc. (Rotta Research/Rottapharm Group).
~ ADDRESS: - 'c/o Martin J. Hahn, Esq,
Hogan & Hartson, L.L.P.
555 13™ Street NW
Washington, DC 20015
SUBJECT: = Health Claim Petition: Dietary supplementation of - g
Glucosamine Sulfate (Glucosamine Sulfate Sodium Chloride-USP/NF

2003) reduces the risk of osteoarthritis joint detenorauon and related
joint pain and limitation of function.

I. INTRODUCTION

We submit this Petition on behalf of our client, Rotta Pharmaceuticals Tnc.
(hereinafter “Petitioner”) pursuant to section 403 (r) (5) (D) of the Federal Food, Drug
and Cosmetic Act (FFDCA) (21 U.S.C. § 343 (1) (5) (D)) and Food and Drug ’
Administration (FDA) procedures for the review of “qualified health claims” described
in Agency guid;mce for Indusﬁ'y and FDA (68 Fed. Reg. 41387 (July 11, i003)). The '
Petitioner respectfully requests that FDA approve for use in the ‘labAeling of Crystalline
Glucosamine Sulfate (Glucosamine Sulfate Sodium Chl&ﬁde—USP/NF 2003) a health
claim communicating that this substance can reduce the fisk.of osteoarthritis joint
structure deterioration and related joint pain and limitatiqn of function. All of the items

specified in 21 C.F.R. § 101.70 (f) are included or attached to this Petition.

The proposed health claim responds to a major public health concern in the
United States, osteoarthritis, the most common fc;rm of arthritis (L. 6steoarthritis isa
serious and degenerative joint disease that generally is charactenzed by chmcal
evidence of both joint structural changes and joint pain (1). In the United States,

symptomatic osteoarthritis in the knee is estimated to affect six percent of adults aged
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30 years and over and symptomatic hip osteoarthritis is estimated to affect roughly three
percent (2). Because the prevalence of osteoarthritis increases with age, it is expected _

that the disease will become even more prevalent as the population ages‘

. As will.l')e explained more fully below, the Petitioner belives that the proposed
: health claim is' supported b'y significant scientific agee@mt within the meaning of
section 403()(3)(B) of the FFDCA. To the extent that the agency disagrees that there is |
significant scientific agreement in support of the proposed fhealth claim, the Petitioner
would be willing to have the agency review the proposed claim as a “qualified Mm
.' :claim,” as described m agenc.y guidance of July 11, 2003. In light of the extensive
're'éearch to date addressing the relationship between ctystalline glucosamine sulfate and .
osteoérthriﬁé, the proposed cla:ms are, ata mxmmum, “Category B” claims for which B

the scientific evidence may be described as supportive but not conclusive.

Rotta Pharmaceuticals Inc. is a fully owned éubsic}iary of the multinational Rotta
Research/Rottaphann Group, which devcloped crystalline glucosamine sulfaé for use
in osteoarthtitié and sponsored many of the clinical trials summarized in this Petition.
An overwhelming majority of the published clinical trials evaluating the effect of
glucosamine on osteoarthritis have been performed using VRotta Research/Rottapharm
Group’s source of crystalline glucosamine sulfate. - These clinical trials represent the
largest body of evidence sﬁpporting the use of glucosamine in the prevention of

osteoarthritis.

There are limited clinical studies evaluating the effect of other sources of

glucosamine on the prevention of osteoarthritis. Other sources of glucosamine do not
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share the s#me quality, ﬁh&nnacoioéical, and pharmacokinetic properties of crystalline

~ glucosamine sulfate, More mportanﬂy, these other sources of glucosamme have not .
been shown through clinical trials to have the same effect on osteoarthritis as crysmllmc
) glucosamme sulfate. Indeed, the scientific literature contains several statements
cautwmng against the generahzauon of data on crystalline glucosamme sulfate to
support the efficacy of other sources of glucosamine. Simply stated, there are
insufficient data to support the inclusion of other sourqes,«oi" glﬁéosamine in the

p;opesed health claim.

Based on our understgndiqg of the agency guidelinés on qgaliﬁed health claims,
we believe that thére may be suﬁicie?xt data to support the classification of other sources-
of crystalline glucosamine sulfate for a “category D” or possibly a “category C”
-qualified health claim. Because this Petition focuses on crystalline élucos@e, sulfate,
we do not provide an analysis of whether there are sufficient data to support a qualified
health claim for other sources of glucosamine, and if so, whether there are sufficient -

data to justify placement in “category D or perhaps “category C.”
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IL PRELIMINARY REQUIREMENTS

The proposed crystallme glucosamine sulfate/osteoarthritis health claim sahsﬁes ‘_
" all applicable “Prehmmary Requxremen " under FDA rules, as set forth in21 C.F R
§§ 101 70(t) and 101.14(a)-(b). These regulations require that the subject of a healﬂn

claimbe a “substance,” as defined in 21 C.F.R. § 101.14(a), the substance be assocmted -

.with a disease or health-related condition of public health sxgmﬁcance, the substance ,
contribute taste, aroma, nutritive value, or certain other technical or funcnonal effects
specified by FDA, and the substance be demonstrated to be safe and lawful under the

applicable food safety provisions of the Federal Food, Drug, and Cosmetic Act
(FFDCA).

A. Crystalliné Glucosamine Sulfate Qualifies as a “Substance”
Crystalline glucosamine sulfate is marketed as a dietary supplement and is
subject to regulation as a “food” in accordance with section 201(f) of the FFDCA.
“Substa;lce” is defined in the FDA regulations as “a speciﬁc food or component of food,;
regardless of whether the food is in conventional food foﬁn or a dietary supplement that
| includes vitamins, minerals, herbs, or other similar nutritional substances” (21 CF.R. §
101.14(a)). As a lawfully marketed dietary supplement, crystalline glucosamine sulfate

falls within the definition of “substance.”

B. Crystalline Glucosamine Sulfate is Associated with
Osteoarthritis

Crystalline glucosamine sulfate is associated with osteoarthritis, a disease for
which the general U.S. population and the elderly (an identified U.S. population

subgroup) are at risk. Osteoarthritis is a degenerative joint disease that can potentially
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affect all synovial joints (i.e., joints containing a lubricating fluid that is secreted by
membranes surrounding the joinf). Osteoarthritis involves the degeneration of the
articular cartilage, although there may be other contributing factors originating in
different joint tissues such as the subchondral bone and the synovium. Surprisingly, the
pg;hoéenetic process (biomechanical, biochemical, ot other) of this disease is sﬁﬁ ‘

‘ relativelj unknown.

In healthy individuals, articular cartilage is maintained through a dynamic

process that balances synthesis and degradation of the cartilage matrix. Degeneraﬁon of
the articular cartilage is due to an imbalance in this systers, which results in a
generalized loss of cartilage. Remodelling of the subchondral i)one also occurs, as well
as mild inflammatory reactive' phanges in the sym;vial membrane. These pathological
chianges of the joint structure can be detepted by imaging techniques such as plain
raéiography, where cartilage ioss is usually seen as a decrease in joint space width (joint
space narrowing) and by‘rem;)delling of the subchoﬁdral bone which is evidenced by

the presence of osteophytes (bone spurs) and other éigns. The degenerative process and -
the mild synov—iél inflammation cause joilit pain, particularly when the joint is in use,
and limit joint function. The scientific evidence in this ?etition convincingly establishes
that crystalline glucosamine sulfate, when given to individuals diagnosed with
osteoarthritis, can prevent further joint degradation, can reverse the symptoms by
minimizing the inﬁammation and restoring artlcular cartilage, can reduce joint pain and
can result in increased joint function. Given the physiological mechanism of action of
cr&stalline glucosamine sulfate and other factors, there also are sufficient data
dgmonstra,ting the ability of crystalline glucosamine sulfate to be effective in reducing

the risk of developing osteoarthritis.
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' Dsteoarthxitis is the most common form of arthritis and the mosteomreon teason
for total hip and total knee replacement (1). Symptomatic dxsease in the knee 1s “
reported to occur m approximately six percent of U.S. adults 30 years of age or older
symptomatic hip osteoarthritis occurs in roughly three percent (2). Because the

| prevalence of osteoarthritis increases with age, the disease will become even more. .
prevalent as the population ages. Inﬂeed, results of communit};-leesed surveys have
sﬁown that the general incidence and prevalence of osteoarthritis increese 2-1010-fold

from age 30 to 65 years, with further increases thereafter (3).

Osteoarthﬁﬁs of the knee is particularly common, with radiographic
osteoarthritic changes of the tibiofemoral compartment reported to occur in five percent
to 15 percent of people aged 35 to 74 years in the Western world (4). The impact on
disability attributable to knee osteoarthritis is similar to that attributed to cardiovascular

disease and greater than that caused by any other medical condition in the elderly (5).

C. Crystalline Giucosamme Sulfate Contributes Nutritive Values
When Consumed at Levels that are Necessary to Justify the
Claim

Crystalline glucosamine sulfate contributes “nutritive value” when consumed at
levels necessary to justify the proposed claim and meets the requirement of 21 C.F.R.
§ 101.14 (b)(3)(i) for substances intended for consumption at other than decreased
dietary levels. For purposes of health claims, FDA has defined “nutritive value” to
mean ‘;a value in sustaining human existence by such processes as promoting growth,
replacing loss ef essential nutrients, or providing energy” (21 C.F.R. § 10 1.14(a)(3)).

Crystalline glucosamine sulfate provides nutritive value through its role in the synthesis
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‘of new cartilage and maintenance (through inhibition of catabolic enzymes) of existing
cartilage. These functions represent the basis for the clinical effects of crystalline

glucosamine sulfate.

Cartilage consists of an extracellular matrix th'at‘ contains proteoglycans,

" collagen, and v@ter (6). ﬂe proteoglycans are a protein core that contains

glycosanﬁnoglyéan side chains of varying lengths. Glucosamine is an

. aminomonosaccharide gﬁd is one of the buiiding biocks for the glycosaminoglycans,
which can be found m the articular lcartilage matrix and synovial fluid. Following oral

. administration, glucosamine ffom crystallirie glucosamine sulfate is bioavailable to the
joint tissues (7) and is preferentially incorporated by the chondrocytes into the
components of the glycosamiﬂoglycan chains in the intact cartilage (8). Crystalline
glucosamine sulfate stimulates the synthesis of proteoglycans and decreases the activity
of catabolic enzymes (9, 10, 11). These ‘activities have been recently related to |
glﬁcosamine-induced reversal of the negative eﬁ'ects of interleukin-1-stimulated
expression of enzymes involved in joiht tissue destruction and inflammation, such as
n;etallopmteases, inducible nitric oxide synthase (iNOS), and cyclooxygenase-2
(COX-2) (12, 13). This cytokine antagonism is achieved through an inhibitory effect of
the interleukin-1 intracellular signalling (;ascade in chondrocytes, and in_particular by

the suppression of NF-KB activation (13).

The inorganic sulfates found in crystalline glucosamine sulfate are also believed
to contribute to the physiological effects. Sulfates control the rate of synthesis of the
glycosaminoglycans and proteoglycans that become a part of the cartilage matrix. The

sulfate serum levels increase after glucosamine sulfate administration (14). The
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imi:értance of sulfate in ;the.caftilag'e synthesis process provides further W'fq

 nsing a source of glucosamine that provides sulfates.

'D. Crystalline Glucosamine Sulfate Use at the Levels Necessary to
' Justify the Claim is Safe and Lawful

Crystalline glucosamine sulfate is safe and lawful under the applicable food
safety provisions of the FFDCA, as required by 21 CFR. § 101.14(b)(3)(ii). The i )
'FFDC,A requires that dietary ingredients and dietary suplslsmeﬁxs notpresenta’
significant pr‘ unreasonable risk of injury under the condiﬁoﬁs of use recommended or
suggested in the product labelling, or if none, under the ordinary conditions of use
(FFDCA § 402(f)). As discussed more fully in Section IILD below, the ssfety of
glucosamine is evidenced by clinical trial data, by its physical properties, chemical
structure, and metabolic fate, and through experience based on widespread use

throughout the world.

WOC - 82730/0001 - 1788445 v3



Ill. SUMMARY OF SCIENTIFIC INFORMATION

This section of the Peﬁﬁm summarizés the publicly aﬁilable randoxnized
contro‘lled clinical tnals examining the use of all fonnglgﬁbns of glucosamine in the
.pr‘evevnﬁon of osteoarthritis-related joint deterioration, joint paiﬂ, and limitation 61‘ ‘
Mm We ﬁave divideci these clinical stndxes into four separate categories:

(1) systematic reviews» and meta-analyses, (2) cﬁni§a1 studies conducted prior to 1994,
which recognizably are not of the same quality as those published later, (3) clinical
studies conducted after 1994, and (4) studies performed with glucosamine formulations

- other than czysialline glucosg@ine sulfate.

A. Systematic reviews and meta-analyses

 Since 2000, there have been three publications involving major wsﬁmaﬁc 4
reﬁews and meta-analyses examining the available literature on glucosamine (all
sources) and osteoarthritis. We sumimarize the4sysfématic reviews in the order of their
publication. Please recognize that the first two reviews were conducted prior to the
publication of lbng—tetm studies in the Lancet (2001) (15) and the Afchives of. IntMl

Medicine (2002) (16).

1. McAlindon T et al. JAMA 2000: 283 :1469-75 (Reference n. 1.21

McAlindon et al. combined a meta-analysis with a systematic quality assessment
to evaluate the benefit of glucosamine" and, sepatatgly, chondroitin preparations in
relation to osteoarthritis. The National Institute of Arthritis and Musculoskeletal and
Skin Diseases (NJAMS) funded the aﬁalysis. The authors limited their search to
placebo-controlled trials of at least four weeks duration that had been published prior to

June 1999. The authors identified six glucosamine trials for their review (two of which
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did not involve oral administration of glucosamine). Of the six trials reviewed, five
involved crystalline glucosamine sulfate. The authors noted moderate treatment effect
sizes for glucosamine on osteoarthritis symptoms and recogmzed that effect sizes were

larger when treatment exceeded four weeks.

Although the authors concluded that the effects of glucosamine may be

exaggerated, due to quality issues and likely publication biss, these findings must be

. interpreted with caution. Th;s authors did indeed identify the presence of general quality
issues for the trials reviewed, but thg average quality scores they calculated for the

.' .glucosamine trials were simiiar to the standards reported for peer-reviewed medical
journal articles and, admittedly, to that of other agents used in osteoarthritis. The
authors also presented asymxﬂétrical funnel plots (i.e., plots of the trials’ effect estim;teé
against sample size) for the trials includgd in tﬁe analysis, which they concluded to be
suégestive of publication Bjas, as explained by Egger et al. (18). The authors failed to
note the Egger’s group ﬁhding (18, 19), however, that funnel plot asymmetry is
common (i.e., 38 percent), in mem-analyses‘published in leading medical journals. (As

will be discussed below, Cochrane Reviews tend to be more accurate.)

The Egger’s group also acknowledged that asymmetry may frequently be due to
factors other than bias, such as true heterogeneity (i.e., true difference of effects
between trials). True heterogeneity is very probable in osteoarthritis trials due to
differences in patient selecﬁon,'severity stages, and evaluation methods. Furthermore,
the authors depicted a combined funnel i)lot analysis for glucosamine and chondroitin,
but asymmetry seems to be much less pronounced for glucosamine. Finally, the authors
admitted they were una_blg to find evidence of unpublished, negative studies, which

10
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wbﬁld support a finding of likely bias. The Petitioner also is unaware of any such
unpublished studies for crystalline glucosamine sulfate.

Notwithstanding the above observations, the authors concluded that glucosamme
indeed exhibited moderate to large effects on osteoarthritis symptoms and they noted
that glucosamine had a good safety record.

2. Towheed et al. Cochrane Library, Update Software, Oxford, England:
2001: issue 2 (Reference n. 20 S

Towheed et al. published a more accurate and detailed meta-analysisas a
Cochrane Review in early 2001. Towheed covered a sinﬁlar period as Mc Alindon
(1966 to November 1999), but considered a total of 16 randomized controlled trials,
including all placebo-controlléd trials exaﬁﬁned by McAlindon (17). In addition, the
Towheed analysis included 4 clinical trials controlled with a reference medication. The
inclusion of trials controlled with a reference medication is of particular importance
because the standard pharmacological treatment for osteoarthritis symptoms consists of
analgesics and nonsteroidal anti-inflammatory drugs (NSAIDs). The trials in this

~ review used NSAIDs as a reference treatment in the control group.

All trials were randomized and double-blinded, and included a large overall
population of 2029 patients (992 assigned to glucosamine and 1037 to comparators).
The trials were short-term studies for osteoarthritis symptoms, with a mean trial
duration of 6.25 weeks. The oral route was used in the vast majority of trials, at a dose
equivalent to 1500 mg/day glucosamine sulfate in most instances. Most trials examined

the effects of treatment on the knee.
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The authors quality assessment of these studles, using vahdated methods,
resulted in s1gmﬁcant1y dlfferent comments than those reported previously by
McAlmdon. Indeed, the authors of this review found that collectively, the glucosamine
‘ tnals were as good, if not better thanNSAID trials in treatmg osteoarthritis. The
| authors asslgned the glucosannne trials with a total. medxan quality score of 9 (out ofa
~ possible 16). Importantly, there was a streng trend for improvement in quality for more ..
recent trials, with those published in the 1990s having a median scored of 12 while
. those published in the 1980s had a median score of 7.5. ‘

The authﬁs ’u'sed Standardized Mean Differences (SMDs) as a measure of effect
size and in accordance with the literature, interpreted an effect size of 0.20 as small,
0.50 as moderate, and 20.80 a large. The pooled SMD for pain reduction vs. placebo )
was very large at 1.40. The pooled SMD for fu;xction, as measured by the Lequesne-
inelex, was moderate at 0.63. The moderate ratigg eoxrésponded to a difference in the
change from baseline vs. placebo of 3.5 points (i.e., .a change of over one severity class

in the Lequesne’s handicap scale (21)).

In the four trials comparing crystalline glucosamine sulfate to NSAIDs (there
were no such trials involvigg other sources of glucosamine), the authors reported that
glucosamine was equivalent in two and superior in the other two. The pooled SMD (to
measure the effect size vs. NSAIDs) for pain ieducﬁon was considered large at 0.86 (3
trials) and small for purposes of joint function as measured by the Lequesne index at
0.32 for the 2 trials. The authors noted ;hemfore a trend for superiority when compared
to NSAIDs and suggested that the use of glucosamine represented a possible major
breakthrough.

12
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The authors concluded that thene was good evidence that glncosamme is both
effective and safe in treating osteoarthntxs. The authors noted that all but one of the
 trials used crystallme glucosamine sulfate and that the one mal with glucosamme

hydrochloride gave less favourable, or at least more variable results. The authors

' conclude that the glucosamine formulation and the presence of sulfates, therefore, seem - -

to be important. The safety profile of glucosamine was corxéidered excellent by the -
authors of this Cochrane Review, although the authors remarked that, at that time,
clinical trials to test long-term efficacy and safety were needed. (Such studies have

since been performed and published.)

3. Richy F. et al. A‘rch. Inter. Med. 2003 ; 163 : 15’4‘1-22 {Reference n. 22)

In the third and most recent meta-analysis, Richy et al. sought to separately
evaluate the efficacy and safety of glucosamine sulfate and chondroitin sulfate. The |
authors restricted their analysis to randomized, double-b!ind, plécebo—controlled trials
(thus exciuding reference-controlledi trials) examining the benefit of oral glucosamine
sulfate in knee ostgoarthritis, with results expressed by today’s state-of-the-art
outcomes. These restrictions resulted in only 7 trials with gh_mosamine sulfate that
could be included, only 3 of wﬁich had been included 'in the previous JAMA and
Cochrane reviews. Five of the trials involved the Petitioner’s crystalline glucosamine
sulfate and the remaining two trials involved different formulations of glucosamine

sulfate (23, 24).

The Richy meta-analysis has particular merit because it addresses major

recommendations noted in the two previous systematic reviews, namely, the need for
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(1) further i!igh-quaﬁty, large trials and (2) long-term clinical trials. These
mcommendaﬁéﬁs have been indeed fulfilled by two independent, high-quality, long-.
term tnals performed with crystalline glucosamine snlfate-—-one published in the

‘ Lancet (15) in 2001 and the other in the Archives of Intemal Medicine in 2002 (16)—— ‘
that were not. avaxlable for consxderatxon in the JAMA and Cochrane reviews but were -

- mcluded in tlus rev1ew

Data were analysed from 1020 patients in glucosamine sulfate trials. The mean
quality score of these trials was high: 90 percent according to the scoring method
adopted (and significantly hiéher than in chondroitin trials). The two long-term, three-
year, trials of crystalline glucosamine sulfate (15,16) provided consistent results of
highly significant evidence,of a structural efﬁqacy of crystalline glucosamine sulfate, as
a#sessed by radiographic joint space narrowing. The low to medium effect size on this
pafameter translated into natural units that expressed a major effect of clinical
significance, as explainéd in detail in the two single: study reports (15,16). There were

insufficient data to evaluate a possible structural effect of chondroitin.

The global estimators used in this meta-analysis show substantial beneficial
effects of crystalline glucosamine sulfate on symptoms of osteoarthritis, whether used in
short-term or long-term clinical trials. The corresponding effect sizes tended to be
lower than those calculated in the JAMA and Cochrane reviews, because of the more
restrictive trial inclusions and the more conservative analysis model, according to the
authors. The two studies using other ifofmulations of glucosamine sulfate (23,24)

emerged as those with the lowest effect size. Unlike McAlindon’s 2000 JAMA meta-
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analysis, the authors excluded any cffect from possible publication bisson the

' robustness of the results.

~ B. Individual clinical trials
Unless otherwise indicated, all individual trials reported in this Peﬁﬁon were
randomized, co;m'olled interirention trials. All such trials can be classified or rated as
Study Design Type One according to the recent (July 2003) FDA guldance entitled

“Intcnm Evidence-based Ranking System for Scientific Data”.

As indicated in the Cochrane Review (20), there is an obvious difference in the
quality of the studies performed in the 1980s with those published after 1994, with the
later studies being of sigriiﬁcaﬁtly greater quality. According to the recent FDA
guidance document,‘ the earlier studies could be assigned the “?” designator because
some uncertainties exist as to whether the studies adequately addressed issues of
scientific quality such as inclusion/exclusion, bias, generalizability, and data colléction
and analysis. The trials published after 1994, however, have adeqﬁately addressed these

issues and could be assigned the “+” designator.

Our discussion below ﬁrst summarizes the early clinical trials and then provides
a summary of the higher quality studies published after 1994. There is a separate
section that summarizes the clinical studies performed on glucosamine formulations
other than crystalline glucosamine sulfate. Copies of these clinical studies can be found -

in Attachment 1, which contains copies of all of the reférences cited in this Petition.
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1. Earvdinicilerigls
S i cebo-contralled studies o

There were four randomized, placebo-controlled, double-blind, parallel-group
studies published between 1980 and 1981 (25, 26, 27, 28) that were included in the |
Cochrane Review (20). Each of these four studies used crystalline glucosamine sulfate
at an oral dose equivalent to 1500 mg/day of glucosamine sulfte, At the time of these
studies, the pharmacokinetic studies (7) had not yet demonstrated the ability to | A
administer crystalline glucosamine sulfate once per day. These studie; involved the .

administration of a 500 mg dose three times per day.

Two of the studies (25,f 26) evaluated oral administration only. Drovantiet al.
(25) treated two parallel groups of 40 hospitalized patients (80 total patients) w:th
osteoarthritis at different joint localizations for 4 weeks. Pujalte et al. (26) treated for
six to eight weeks two groups thh 12 out-patients in each group (24 totai patients) that .
had been diagnosed with osteoarthritis of the knee. The studies used the Likert scale to
assess the effects of treatment. Both studies reported a gtatistically significant decrease
in Likert scales scores of the crystalline glucosamine sulfate treated group when
compared to the placebo group in joint pain, tenderness, swelling, and movement
limitation. In addition, 70-80 percent of the patients in the treated groups. showed
positive results compared to only 20-40 percent positive results in the placebo groups.
Significant clinical improvement was reached in the active group after the second week
of treatment. Tolerability was good in both studies with no differences between the
treatment and placebo groups. Drovgnti (25) also repértgd no detected abn@aﬁms in
fecal occult blood analysis, indicating good tolerance of the gastrointestinal tract for

' crystalline glucosamine sulfate.
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The other two clinical studies (27,28) had identical desigas and outcomes and
further support the findings of the previous studies. Crolle and D'Este (27) and

| D‘Ambrosio et al. (28) treated two small groups (30 overall in each study) of in-patients

with either parenteral c.rystalline glucosamine sulfate (400 mg/day glucosamine sulfate)

* orareference medicatiqn for a one-week period that was followed by & two-week
treatment with an oral dose of either placebo or 1500 mg/day of glucosamine sulfate.
The reports provide little information on the localization of the osteoarthritis in these
patients. The studies report that the initial improvement on the usual pain and |

. functional parameters during the parenteral administration was maintained and even
increased during the oral treatment with crystalline glucosamine sulfate. These findings
further support the efficacy of tﬁe glucosamine sulfate 1500 mg/&y oral dose. The
studies also reported good tolerability for crystalline glucosamine sulfate, which is .
pafticularly relevant because the patients in the Crolle and D'Este (27) study had serious
concomitant diseases and consequent treatments thz;t were not affected by the crystalline

glucosamine sulfate therapy.

b. NSAID-controlled studies
Vaz (29) conducted the first controlled study comparing glucosamine with an
NSAID. This randomized, double-blind study had two paraliel groups of 20 knee
osteoarthritis patients (40 total patients). In this eight-week stﬁdy, one group received
_an oral dose of 1500 mg/day of glucosamine sulfate and the other group received 1200
mg/day of ibuprofen. Pain relief tended to be slightly better in the crystalline
glucosamine sulfate groué than in the éroup rébeiving oral ibuprofen. The kinetics of
the effect, however, differed. The NSAID group reached its maximum activity within
the first two weeks and then remained stable. The crystalline glucosamine sulfate group

17
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atéinedl the same level of .eﬂiéacjr’ as the ibuprofen group after the third week'and‘ ‘
. showed a trend fora con’unuous linear mptovement. Tolerability also tended to be
better fm- ctystallme glucosamine sulfate, although it did not reach statistical -

| : significance. Vaz reported no differences at fecal occult blood testing, which was :

normal in most patients.

c. Other early ;:linical studies
Although not fully relevant to this Petition because it -involved the intraarticular . .
" route of administration of crystalline glucosamine sulfate, the study by Vajaradul (30) is
included in both the JAMA and Cochrane meta-analysis and is therefore briefly
revie\;ved here, A total of 54 patients with knee osteoarthritis (out of 60) ;:omplewd a
5-week treatment course with weekly intraarticular injections of either glucosamine or -
placebo. Knee pain decreased to a significantly greater extent and joint function
improved in the tteatmenf group. The authors also report good systemic and local

safety.

The Cochrane Review also mentions publication of a post-marketing surveillance
study by Tapadinhas et al. (31). This study involved 1208 patients with osteoarthritis at
different joint localizations that were treated with crystalline glucosamine sulfate inan
~ open fashion by 252 physicians throughout Portugal. The treatment lasted for six to
eight weeks with a mean of 50 days and a range from 13 to 99 days. This study isnota
randomized, controlled intervention trial. The authors report that a treatment response
was obtained in over 90 percent of patients and that, consistent with other published
studies, the effects of crystalline glucosamine sulfate persisted after cessation of
treatment. The authors also reported good results on the safety of crystalline
élucosamine sulfate, which is significant because the study involved patients receiving
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previous and concomitant treatments for other diseases. Only 12 percent of patients’ .
experienced ad\}etsé effects with reactions that were generally inild, reversible, and. .

predominantly af't;ected the gastrointestinal tract.

2. Recent pivotal clinicﬂ trials
. a.A Sligrt-t'erm pivotal trials vs. ‘glacebo- or vs, NSAIDs

i Noack W e al. Osteoarthritis Cart 1994; 2: 51-59 (IV.B.10 - Reference n. 32)
Ina iaée randoﬁnized, placebo-controlled, double-blind, pafallel»group study,
Noack et al. ev;luated the s&x_n'p;om efficacy and safety of grysﬁlline glucosamine
" sulfate (equivalent to 1500 mg/day glucosafnine sulfate). This study involved two -
gfoups of 126 patients (252 tqtal patients) with knee osteoarthritis that received either
crystalline glucosamine sulfaté or placebo over.a 4-week treatment period. The baselme
Lequesne index for the patients at the start of the study was between 10 and 11 points,.

indicating that the symptoms were moderate to severe.

'i‘here was a decrease in the Lequesne index by over 3 points after 4 weeks in the
patients receiving crystalline.glucosamine- sulfate (p<0.05 vs. placebo), with clinically
significant improvement being evident beginning in the second week and continuing
thereafter. The responder rate afier 4 weeks (calculated as a decrease of at least 3 points
in the Lequesne index, together with a positive overall judgment by the investigator)
indicated 52 percent of patients responded to crystalline glucosamine sulfate while 37

percent responded to the placebo, in the intent-to-treat population of 126 patients in

each group (p=0.016).
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Tolerability was good and similar between crystalline ghucosamine sulfate and
. plaéebd, with a six percent inci;lé;‘xp,e of minor adverse events in the crystalline - '
glucbsamine su}fafe group and ten percent in the placebo group (with four peroent and
' six percent related drop-out incidence, respectively). Routine }aboratory tests atentxy '

and study completion did not show any clinically significant modifications.

@ Miller Fassbender H et al. Osteoarthritis Cart 1994; 2:61-69 - Reference no. 33)
In a twin study to the Noack study (32), Miiller et. al. evaluated the same |
.crystalline glucosamine. sulfate. dosage v'vith‘ibuprofen at the standard analgesic dose of
1200 mg/day, for 4 weeks. Two hundred patients from a rehabilitation clinic, with knee
osteoarthritis and clinical signs of joint flare, were randbmiéed to the active treatments. .
The Lequesne index (modified by duplicating the pain scores to take into account the
bilateral knee involvement in most of the patients) indicated a slightly more severe
impairment as compﬁred to the Noack study (32); Nevertheless, no rescué treatment was
allowed, with the only exception of a concomitant physical therapy program, for which

‘there were no differences between the two groups.

The responder rate, calculated with a method similar to that of the Noack study
(32), was around 50 percent in i;oth groups (48 percent with crystalline glucoéamine
sulfate and 52 percent with ibuprofen; p=0.67), with a ~40 percent reduction in the
Lequesne index after 4 weeks. Consistent with the results reported in earlier studies, the
development of the symptomatic effect differed between the two treatments. Tbuprofen
induced a faster, although not staﬁsﬁc;xﬂy significant, sy;mptom relief concentrated in

the first two weeks while crystalline glucosamine sulfate induced a slower but constant
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improvement that was superimposable to that of the NSAIDS from the third week

onward.

| Crystalline glué:osamine sulfate was significantly better tolerated than ibuprofen,
thh adverse events reportéd in six percent of patients compared with 35 percent with '
* jbuprofen (p<6.601). Arelated discontinuation rate of only one percent was reported
for ctystafline gluco@he suifate while the ibuprofen group had a seven percent rate
. (p=0.035). Adverse events were mainly‘ gastrointestinal in nature, as expected with the
nuxed COX;-COX-~; inhibitor ib@mfm No clinically significant laboratory éhaﬁges

. -were observed.

i, Qiu GX et al. Arzneimittelforschung 1998 ; 48 : 469-74 (Reference n. 34)

Qiu also conducted a tandonuzed double-bhnd study that compared crystalhne
glucosamme sulfate (1500 mg glucosamine sulfatc/day) with 1bupr0fen (1200 mg
ibuprofen/day). This study confirmed the short-term symptomatic effect of crystalline
glucosamine sulfate in knee osteoarthritis in an ethnically distinct popﬁaﬁon (178
Chinese patients). Knee pain improved with both treatments throughout the four weeks
of treatment, with a nbn-statisﬁcally significant difference in favor of crystalline
glucosamine ;ulfate, sustained for the two weeks of follﬂw-up after treatment
withdrawal. Also in this case, adverse reactions and related drop-outs were lower with
c?ystalline glucosamine sulfate compared with ibuprofen (p=0.02 and p=0.0017,

respectively).
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b.  Long-term pivotal trials

i Reginster JY et al. Lancet 2001; 357:251-56 (Reference n.15)

Reginster et al. examined the long-term efficacy and safety of crystalline
‘glucosamine sulfate on the risk of prgigression of qsteoarthritis. A total of 212 patients
(rhe#n age 66 years; 76 percent fe,males),with knee osteoarthritis (diagnosed using
American College of Rheumatology (ACR) criteria) were randomized to continuous
oral treatment with crystalline glucosamine sulfate (equivalent to 1500 mg glucosamine
sulfate) once per day or placebo, fof three years in a double—ﬁlind fashion. Disease.
severity in terms of symptoms and joint structure changes was mild to moderate. After
| three years, symptoms had irhprovéd to a significantly iarger extent in the crystalline
gldcosamine sulfite group compared with placebo, as evaluated on the WOMAC index. |
subscales of pain and joint function. Percent changes on the global index 'indicated a
~10 percent worsening with placebo and an improvelﬂgnt with crystalline glucosamine '
sulfate that was significantly different in both the iﬂtenﬁon—to—trgat pqpul#ﬁon and the

per-protocol completers, and as high as 25 percent in the latter.

This study also detected for the first time, a significant joint structure-modifying
effect. The primary structural end-point was joint space narrowing evaluated by digital
image analysis of the mean jqint space width of the medial tibiofemoral joint
compariment, as wgll as by visual inspection (with the aid of a magnifying glass) at the
joint’s narrowest point. Standardized weight-bearing, antero-posterior radiographs of
each knee in full extension were taken at enrollment and after one and three years
according to state-of-the-art methodolﬁgy at the time of study design. Placebo-treated
patients suffered a mean joint space narrowing of approximately 0.1 mm/year, whicﬁ
is in line with the structural progression reported in the literature for knee osteoarthritis.
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No nan'owmg occurted on average in the crystalline glucosamine sulfate groﬁp and the
 final differences between groups were significant. Furthermore, 30 percent of patients
randomized to plécebo presenied a severe mean joint space narrowing of more than

0.5 mm, which may predict disability inthe future, compared with only 15 percent of

 patients on erstallihe glucosamine sulfate (p=0.013).

There were no significant differences between crystalline glucosamine sulfate
and placebo in frequency or pattern of adverse events. Laboratory tests did not show

significant abnormalities on system organs or metabolic functions.

The authors of this report openly cautioned against generalizing the results of
this study to other sources of glucosamine. Reginster states “[i]n this study
glucosamine sulphate was approved as a prescripﬁon drug, therefore, our results cannot
be generalised to other glucosamine products (or compound mixtures) such as those |
available in some countries as dietary supplemen " (15). In the accompanying editorial
to the Réginster study, Dr. Tim McAlindon, Arthritis Center Boston University Medical
Center and the prinqipal author of the JAMA meta-analysis (17) notes “éince
glucosamine is generally self-prescribed, the likely primary beneficiary of this trial will
be the nutritional-product industry rather than the pharmaceutical company that
sponsored the trial, even though the results may not be genetalisable to the highly

variable formulations of nutritional products” (35).

In his editorial comments, McAlindon also defined glucosamine for
osteoarthritis as the possible dawn of a new era in the treatment of this disease and

characterized the Reginster trial as a landmark study in osteoarthritis research (35).
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" Bruyere etal. pubiisixed 'hﬁvo full reports derived from the uial of Reginster. \.In .
the first report (3 6), a poor correlation between symptoms and radiographic Jomt
structure pa:ameters was observed, as widely described in the scientific literature about
osteoarthritis progression. There was, however, a modest significant conelation
" between knee paln and joint space narrowing. Interestingly, the symptom-modifying
effect of crystalline glucosamine sulfate was signiﬁcanﬂy independeﬁt of baseliﬁe joint
structural damage and its progression. The latter was deséri_bed in the second
report (37): patients with better-preserved joint structure at baseline suffered the most
. dramatic joint space narrowix:;g after three years when receiving placebo and were those.

in which the structure-modifying effect of glucosamine was more evident.

ii. Pavelka K et al. Arch fm‘ Med 2002 ;162 : 2113-23 (IV.B.15 — Reference n.16)
This trial independeﬂﬂy c;)nﬁrmed the results of Reginster (15) with an almo#t
identical protocol and patient population (202 knee osteoarthritis pa.tients;' mean age 6‘2; :
78 percent female). Throughout the three years of treatment, syﬁlptoms steadily
improved with crystalline ghicosamine sulfate on the Lequesne index (from mild to
moderate basciine values of 8-9 points) over the first year of treatment. This
improvement remained constant until the end of the study, with a pattern that differed
significantly from placebo. After 3 years, reducﬁén in pain, function limitaﬁon, and
sﬁﬁness was significant for crystalline glucosamine sulfate compared with placebo on
the WOMAC index and its subscales, and on the overall Lequesne index, with an effect

size that was similar to that observed in the study by Reginster.

This study also reported a striking structure-modifying activity obtained with the

same conventional method and similar effect size reported by Reginster (15). Pavelka
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reported a progresswe Jomt space natrowmg thh placebo at each treatment year, while
no average loss in joint space w1dth occurred in glucosamme—tnmed patients. The

authors report that 14 percent of the patients on the placebo lost over 0.5 mm jolpt space
width while only five p&cept receiving crystalline glucosamine sulfate lost 0.5 mm of-
joint space width (p=0.05). The authors ﬁerformed an irgalyéig of secondary |

' mdiograpEc features of osteoarthritis andreéorted a three-fold higher proportion of
womening osteophyte scores (according to a validated mﬁoﬁpﬁc atlas) in the placebo

. group when compared to the cry;talline glucosamine sulfate group. Safety was again

similar between crystalline glucosamine sulfate and placebo and is described in detail in

ihg publication.

As did Reginster, Pavelka warns against géneralization of the results to other
glucosamine preparations other than this original crystalline glucosamine sulfate

formulation. Pavelka states

Glucosamine derivatives are popular dietary supplements in the United
Sfates and other countries, exploiting the opportunity provided by the
American Dietary Supplement Health and Education Act and the clinical
research data obtained with glucosamine sulfate approved as a
prescription drug for the treatment of osteoarthritis in Europe and
elsewhere. The latter was used in our study and in most of the previous
clinical experiences; at present, it is difficult to geperalize these results to
the highly variable and uncontrolled formulations of the other nutritional

products claiming a glucosamine content.
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‘ It is interesting to note that the structure-modification findings reported in the

_ Reginster and the Pavelka smdi'gs have been questioned because of the use of the
conventional stgnding (full extension) knee radiographic view (38). It has been

.: hypothesized that the major pain relief in the crystalline glucosamine sulfate arm
.rehlati\‘re to placebo altered the positioning of the knee (favoring a better knee fuil' :

| extensioia) that might have confounded the estimate of joint space narrowing and
-exaggerated the differences between treatment groﬁps. The conventional standil';g (full
extension) knee radiographic view was the gold standard at the time of the study design -
and recommended in scientific guidelines. None of the more recently proposed

" techniques, such as the new s'emi-ﬂ'exed‘views, have been validated in longitudinal
studies (38). Moreover, although ﬂns criticism acknowledges the potent and previously‘
unseen (with any other agent) long-term symptom-modifying effect of crystalline
glucbsamine sulfate, the authors of the two glucosamine long-term trials have elegantly
shown that pain relief dld not confound the assessment of j joint space narrowing. The
authors, therefore, have adequately vahdated their results with respect to structure
modification, first in the Pavelka report (published in full after these criticisms were

raised) and thenina Jomt abstract (39).

C. Other recent clinical studies

Two additional studies (40, 41) were included in one or more of the ‘
Cochraﬁe (20), JAMA (17), or Richy (22) review artick‘:skand meta-analyses, but cannot
be considered pivotal for the reasons expressed below. A third study by Fbrst.er etal
(42) was not included in any of the meﬁ-anﬂyws, but offers corroborative evidence of

the safety and efficacy of crystalline glucosamine sulfate.
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Relchelt etal. (40) performed a randomized, placebo—controlled, double-blmd
trial of glucosamme for six weeks nsmg an mtramuscular injection of crystallme
glucosamme sn}fate. The pahents recelved two injections per week of 400 mg of
glucosamim sulfate. This study: has lumted relevance to the dieiary supplemeﬁfa&bh of |
cxj'stalling glucosainine sulfate because it involves a different route of admmlstmhon.
| N'everﬂleless,\the study is sufficiently large (155 patients with knee osteoarthritig) and
well conducted. The authors report a significant decrease in the Lequesne index
cémpared w1th placebo over the 6 weeks of treatment, whicéh was of comparable
magnitude to that observed w1th oral crystalline glucosamine sulfate. The authors also
report that intramuscular injection of crystalline glucoWe sulfate had co@%k

safety to the placébo.

The second 's’tudy is of limited value because it is published only in abstract
form (41) and is not widely publicly available as a full report. This report is,
nonetheless, reviewed in the three meta-analyses (17,20,22) (with very high qualify
scores m the latter two) and is therefore included here as'corroborative evidence.
Further information abt;ut the study is publicl§ available from a product
| monograph (43). In this double-blind study, 319 patients with knee osteoarthritis and
moderate to severe symptoms (with baseline Lequesne index mean values around 10-11
points and pain visual analogue scores 240 mm out of 100) were randomized to oral
crystalline glucosamine sulfate equivalent to 1500 mg glucosamine sulfate once daily),
or the conventional NSAID piroxicam (20 mg/day), or the combinatic;n of the two
agents, or placebo. Treatment was administered for 12 weeks, followed by an eight-

week observation period without treatment.
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After 4 weeks of freat:ﬁent, the crystalline glucosamine sulfate symptdm-

‘ Vmodifying eﬁ'ects were virtually superiinposable to those previously described, witha
decrease in the Leﬁyesne inden; of around 3 points in averige, similar to that achiéved
with piroxicam. Thereafter, the:improvement continued almost linearly with crjrsfallin’e
glucosamine sulfate. The average decrease exceeded 4 points at the end of the .12

" weeks, while it remained around 3 point; with piroxicam: both groups dispiayeq |
significantly better effects than placebo (p<0.001), but erstalliﬁe glucosamine suifate
tended to be bette then the NSAID (p<0.05). After withdrawal of the agent
administration, ﬁle crystalline giucosamine sulfate Qymptomatic effect was sustained for
.the 8-week follow-up (p<0.01 vs placebo), while the effect was rapidly lost with the
piroxicam group. Combination of crystalline glucosamine sulfate with the NSAID
tended to show a faster symptém relief over the first 2-4 weeks than each separate

agent, but it was afterwards superimposable to crystalline glucosamine sulfate alone.

Patients receiving crystalline glucosamine sﬁifate had a similar incidence of
adverse events than those taking placebo, but significantly less than those in the
piroxicam group (15 percent vs 42 percent, p<0.001, with 9 percent vs. 33 percent
referred to the gastrointeéﬁnal tract) with fewer drop outs. Combination of cr&stalline
glucosamine sulfate with the NSAID did not prevent the adverse reactions from the

latter.

Finally, Forster et al. recently published, although only in abstract form (42), a
randomized, placebo-controlled, double;blind study of the standard crystalline
glucosamine sulfate once-daily formulation and dosage, in 160 paﬁents with

osteoarthritis of the spine. The substance induced a significant improvement vs.
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placebo in most of the pain and functional parameters evaluated over the 6-week .

treatment course, which was sustamed for the 4-week follow-up without treatment. The:

imprdvements were apparently more marked in the lumbar spine compared with the :

| cervical spine (not reported). There were no differences between glucosamine and

placebo with respect to safety.

3. Clinical trials performed witﬁ glucosamine formulations other than
crystalline glucosamine sulfate ‘

There are only a few.published clinical trials that have evaluated sources of

glucosamine other than crystalline glucosamine sulfate. The Petitioner is unaware of

| aﬁy unpublished studies on these other sources of glucosamine. The few published

studies that are available, and that are reviewed below, have failed to yield the same
consistent results that have been reported in the trials involving crystalline glucosamine

sulfate.

Houpt et al. (44) performed a study with glucosamine hydrochloride that is taken
into consideration in both the JAMA and Cochrane reviews (but not in the meta-
analysis of Richy gt‘ al., which deals only with glucosamine sulfate). A total of 101
patients with knee osteoarthritis were randomized and dispensed either glucosamine (as
hydrochloride, at a total daily dose of 1500 mg) or placebo for 8 weeks. Houpt used the
WOMAC algo-functional index as a primary measure of outcome. With one exception,
scores on the remaining 23 WOMAC questions tended to impfove with glucosamine
compared with placebo. The degree of improvement tended to be greéter in the -
glucosamine group vs. placebo in all WOMAC subscales of pain, function, and stiffness
(~20 percent improvement with glucosamine vs less than 10 percent with placebo).

However, the difference between groups in the WOMAC score changes failed to reach
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stéﬁsﬁcal significance; a pﬁtie’nt daily diary for pain,shOWéd a statistically significant
- pain reduction for glucosamine vs. placebo at some points during the study. Safety was
similar between glucosamine and placebo, with 12 percent of subjects in both groups

reporting mild gastrointestinal symptom (bloating or c;amps).

As discﬁssed in the Cochrane Review, it seems that differences in efficacy may
relate to differences between glucosamine sulfate (iﬁ appropriate formulations) and
h&drochloxide salts. As acknowledged by Houpt in their introduction, the efficacy of
crystalline glucosamine sulfate is well established while tﬁat of glucosamine

-hydrochloride is only anecdoﬁl. Although detecting a trend for efficacy for
glucosamine, the é,tudy by Houpt sceﬁ:s to indicate that there may be major differences
between the crystalline glucosamine suxfaw and the hydrochloride salt that would
discourage the translation of efficacy results obiained with the former to preparations

containing the latter substance.

Rindone et al. (23) published a small (98 patients), randomized, placeﬁo-
controlled, douBle-blind, paraliel-group, 8-week study using an unspecified oral
formulation and salt of giucosamine (although the study is considered in the meta-
analysis by Richy as being performed with a glucosamine sulfate formulation). To
further challenge the poor statistical pow§r of the study, the authors enrolled patients in
appareﬁtly more severe conditions than in other short-term :studies with crystalline
glucosamine sulfate. As widely discussed in the paper to explain the sfudy’s many
limitations, the patients had longer-standing disease, were only men, were heavier, had
much more severe disease from the point of view of radiographic staging and, above all,

were unresponsive to conventional symptomatic medications (60 percent of patients
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v_veté taking NSAIDs or analgesics and were asked not to discontinue them). There
~ were o signiﬁc;ant differences between glucosamine and placebo on the symptom
evaluations perfqrmed. Thirty-four percent of patients taking glucosamine repoxted _
mild and self-limiting ffects vs. 33 percent with placebo (2 related withdrawals with -

glucosamine-vs. 4 with placebo)

Hughes and Carr (24) recently published a very small (40 patients/group) 6-
moﬁth, randomized, double-blind, placebo-controlled study éf a glucosamine
formulation (potassium chloride glucosamine sulfate; plus vmunm C, calciu:ﬁ mm

. and manganese) not tested prévioﬁsly in any clinical trial to the knowledge of the
Petitioner. The stuﬂy was considered in the recent meta-analysis by Richy (22). The
authors described the trial design as pragmatic in that they enrolled patients with a wide
range of pain and other symptom severity and included all grades of radiological
severity, which is contrary to the standard practice in osteoarthritis clinical trials. The
patient population varied in terms of osteoarthritis Qéverity with 10 percent of the
populati;m classified as a Ke}lgren and Lawrence radiological grade 1 (doubtful
osteoarthritis), and over 20 percent presented with a grade 4 (severe osteoarthritis);
patients on these ex@e ends of the Kel}gren and Lawrence radiological grade are
usually excluded from clinfcal ﬁjals. To further complicate matters, almost 50 percent
of patients were on NSAIDs and were asked not to discontinue them, makmg it difficult
to assess the treatment efficacy and the rescue analgesic consumption. Indeed, there
were no significant differences between glucosamine and placebo in any of the
validated symptom end-points of the study. The placebo effect was classified to be
strong by the authors. Indeed the authors report elsewhere that most of the patients

misunderstood the study information and thought that everyone in the study was
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receiving glucosamie (45), which might have seriously biased the stady. It is very
 difficult to draw any conclusion on the efficacy of this glucosamine sulfate preparation
‘based on this tnal Also in this case, safety was similar to that of placebo. |

In a preliminary study, Thie et al. (46) described a similar efficacy between a
h glucosamine sulfate formulation and ibuprofen in a small group of patients with .

. osteoarthritis of the temporomandibular joint.

In a small (34 patients with degenerative joint disease), 16-week, randomized,
placebo-controlled, cfoss-ovel; trial, Leffler et al. (47)~repoﬁed a signiﬁcant benefit on
kt;eg osteoarthriﬁé symptoms jwith a combination of glucosamine hydrochloride,
chondroitin sulfate, and manganese ascorbate. Similar results were recently described
by Das and Hammad (48) in a slightly larger group (93 patients only) of knee
osteoarthritis subjects treated for 6 months. Although these are two favorable studies, -
there may be reservations on the relevance of such a small sample size for
ggnemﬂfzability of the results. In addition, caution appears to be in order due to the

likely metabolism of chondroitin sulfate.

Chondroitin sulfate is a glycosaminoglycan normally present in the cartilage
matrix and consisting of a high molecular weight, long chain of repeaungumts of
differently sulfated residues of glucuronic acid and N-acetyl galactosamine, obtained
with extraction processes from animal tissues. It is used in some countries for the
treatment of osteoaqhﬁﬁs under the rationale that it is speculatively similar to that of
glucosamine sulfate.. The rationale is difficult to understand given thg major differences

in physico-chemical properties between the two (i.e., a macromolecular tissue extract
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compaxe(i to a low molecular weight pure glucosamine sulfate). Actually, oral
absorption of high molecular mass polymers is questionable. ‘Pharmacokinetio
studies (49) have shown that after oral administration the largest peak consists of one of
the constituent monomers, N-acetyl-galactosamme, whxch is probably responsible for -
the beneﬁc:al actmty, although absorption of a small ﬁ'acuon of high molecular weight
" chondroitin sulfate cannot he excluded. Very early studies had shown that N-acetyl-
galactosamme might induce metabolic activities similar to that of its precursor
glucosamine, although with a lower‘potency (50)." It may be speculated, therefore, that
the clinical actmty reported for chondroitin sulfate in some clinical trials may be

similar to that of low dose glucosamme sulfate.

Based on anecdotal evidence, it is sometimes claimed that a combination of
diptar:y supplem.ents containing chondroitin sulfate and glucosamine—derivati;res may
offet added value in the treatment of osteoarthritis. However, there is no scientific
proof for this claim and, on the basis of the fliscussi.c'm above, the rationale of such a
combination is also weak because adding chondroitin to glucosamine would presumably
oﬂy slightly increase the dose of glucosamine. The two very small élinical trials
reviewed here (47,48) do not allow one to distinguish between the effects of
glucosamine alone or of the con;bination. It seems, therefore, that combinations of
glucosamine and chondroitin sulfate cannot benefit from the c}aims proposed for

crystalline glucosamine sulfate.

C. Level of crystalline glucosamme sulfate needed to justify the
claim

Asis described in the above summary of scientific evidence, the clinical studies

consistently used 1500 mg/day of glucosamine sulfate, corresponding to 1884 mg of
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cr};stalline glucMe éqlfate. The Petitioner considers this to be the optimum level of
intake beyond which the health benefits of crystalline glucosamine sulfate have not been |
demonstrated clinically and thus are not to be expected. 'Ihé“Petitioner is unawate of

any level at which an adverse effect from czystallinevglucosaﬁzine sulfate would be
expected to occur. The Petitioner is aware that certain populations, namely, individuals
with disbetes, may need to receive careful monitoring while taking crystalline
glucosamine sulfate, as it has been suggested—but not established—that crystalline

glucosamine sulfate may increase insulin resistance.

In the United States, éryspalline glucosamine sulfate is available as caplets of
750 mg glucosamine sulfate and as sachets of powder for oral solution, dosed for once-
daily administration of 1884 mg mystalline glucosamine sulfate (1500 mg glucosamine
snlfaiea). This latter formulation is particularly relevant because it is the formulation

used in the latest clinical trials, including the long-term studies.

D. Global analysis of safety

| The saféty of glucosamine for use as a dietary supplement is supported by the
numerous clinical trials, by its physical properties, chemical structure, and metabolic
fate, and by experience based on widespread use in the United States and throughout the
world. The safety of crystalline glucosamine sulfate is also acknowledged by the three

systematic reviews and meta-analyses that have published.

1, Clinical trial data

Several recent clinical trials and the niem-analysis publications in prestigious
clinical journals (e.g., Lancet, Journal of the American Medical Association, Archives of

Internal Medicine, Cochrane Library) provide a coherent scientific assessment about
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the efficacy and safety of glucosamine. These publications reflect agreement in the
 scientific community that glucosamine supplementation presents no significant or

unreasonable risk'of illness or injury.

In the pivotal short-term clinical qiﬂs for crystalline gluéosamine sulfafe

' (32,33,345, the incidenc@ of patients reporting adverse events on glucosamine ranged
between six and 12 percent with drop-outs due to adverse events in less than four

. percent of the patients. Importantly, _nbne of the studies reported statistically or
clinically signiﬁcant differences ‘between crystalline glucosamine sulfate and placebo in
.the incidence of adverse evenfs or safety related drop-outs. In the trials comparing
crystalline glucosémine sulfate with NSAIDs, the NSAID groups consistently had a
significantly higher incidence 6f adverse events and safety related drop-outs than the
group receiving crystalline ‘glucosame sulfate. In those rare instances when patients
neponed adverse events, they generally involved mild and transient reactions associated
ﬁm the gastrqintestinal system such as abdqmﬁxﬂ i:ain or discomfort; nausea, diarrthea,
constipation, and/or meteorism. Other reported adverse events include headache,
dizziness and minor allergic reactions such as cutaneous rashes with erythema and
itching. This pattern of adverse events was similar between crystalline glucosamine

sulfate and placebo in all trials.

The pattern of adverse events described in the short-term pivotal clinical trials is
similar to that described in all of the other short-term trials (40,41,42,43). No study
reported more than 15 percent of patients in the glucosamine groups experiencing

adverse events.
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The long:term pivotal rals are partcularly inportant, ss they allow the
 assessment of contimied safoy during prolonged use, which i seldom, i ever, |
described for agents used in osteoarthritis, Tn both the Reginster (15) and the Pavelks.
(16) trials, the safety of crystallme glucosammc sulfate ‘was snmlar to that of placebo '
Because these studies involved long-term admxmstrauon of crystalline glucosamme
sulfate in elde;ly patxents, lt is not surprising that most of the patients in the Reginster -
- study repotted at least one adverse eveﬁt with crystalline glucoéamine sulfate orv
placebo, 94 percent and 93 percent, _resbectively. The patients in the Pavelka study had
" a slightly lower rate of adverse events in the crystalline glﬁcosamine sulfate and piacebo
_ groups of 66 and 64 percent, fespeqtively. The adverse evénts, howeirer? involved mild
to moderate and transient events in the cﬁsmume glucosamine sulfate and placebo
groups consisting of abdominal discomfort or paih, dyspepsia and nausea, or disturbed
defecation. Mnsculéskeletal adverse events were likely related to osteoarthritis;
treatment-unrelated cardiovascular events were also common in this elderly population,
as were urinary infections and seasonal respiratory ﬁ‘act infectiqns. Few and sporadic
serious vevents were also reported in both the crystalline élucosamine sulfate and
placebo groups, with no “signal” for any foxicity being detected with the activé

treatment.

In all short-term and long-term clinical trials, there were no modifications of

routine iaboratory tests during treatment with crystalline glucosamine sulfate.

2. Properties and Metabolic Fate
The mechanism of action of glﬁcosamine, briefly reviewed in section II of this

Petition, does not account for any particular toxicity pattern of crystalline glucosamine
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sulfate. Unlike NSAIDs, glucosamine does not inhibit type 1 cyclooxygenase (COX-1),
which explains the significantly better safety pattern at the gastromtestmal level.

Osteoarthritis is a chronic disease that involves & majority of elderly paﬁeiité, .
Qho frequently receive treatments for concomitant diseases. Glucosamine doeé not
- compete for abéorption mechanisms and, after absorption, does not bind to plasma.
 proteins. The metabolic fate of this endogenous substance is mamly the incorporation
in proteoglycans or degradation ipdependeﬁtly of the cytochrome enzyme system. The
physicochemical, phanmacokinetic, and metabolic pmperﬁes of glucosamine suggest a
,.low potential for adverse eﬁ:’eéts and a low potential for dnig interactions. With regard-

to the latter, the clinical studies have found no evidence of any drug interactions.

Recent animal experimental studies with suprapharmacological intravenous
doées of glucosamine suggested that the compound might increase insulin resisfance
through a complex interaction with the so-called hexosamine pathway (one of the
alternative routes of glucose rpetabolism) (51). Two recent human studies using
extremely high intravenous (52) or even intraarterial (53) glucosamine doses indicated
that such a mechanism is probably not operating in humans. These studies did not
detect an effect on insulin sensitivity, secretion or action by glucosamine. administration.
Indeed, a recent report (54) clarified that fasting plasma glucose levels w&e not
modified by the short-term crystalline glucosamine sulfate administration, even vin
patients with hyperglycaemia at baseline, nor in the long-term pivotal trial by
Reginster (15), where fasting blood glqdose even tended to decrease, on average. In the
long-term study by Pavelka (16), four patients developed diabetes during the study, but

three were on placebo and only one on crystalline glucosamine sulfate.
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A very recent report (55) evaluated a small group of 26 elderly patients w1th
type 2 dxabetes, tecemng daily supplementation for 90 days with a combmatlon of 1500
. mg glucosaxmne hydrochloride and 1200 mg chondrpmn sulfate or placebo (in a
'rendemized, double-blind setting). No patient had an&_change in their diabetes
management during the stedy. There were no significant differences between groups in -
post-treatment haemoélobin Ajcconcentrations, nor were there eny significant
differences within groups before and after treatment. Although this report is reassuring,
given the differences between crystalline glucosamine sulfate and glucosamine - |
. hydrochloride, the results of thlS study should not be generahzed to: crystallme

glucosamine sulfate.

The clinical studies published to date have failed to report any findings
eétabllishing concern with the administration of crystalline glucosamine sulfate to
diabetics. The data in this patient populatlon, however, is vecogmzably relatively

scarce.

3 Experience based on use

The extensive use of glucosamine products throughout the world also supports
its safe use. In the United States, glucosamine products are among the most ﬁdely
rﬁarketed dietary supplements. In one recent U.S. market analysis, glucosamine was
ranked as the 11% best seiling supplement in the United States; in a dietary supplement
use survey, glucosamine was ranked as the fourth most common supplement among a
randomly selected sample of 2590 adult men and women (National Academy of
Sciences, Institute of Me&iéine, Safety Review: Draft Prototype Monograph on

Glucosamine (Jan. 2003)). Although widely consumed as a dietary supplement, the
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pﬁb,lished literature COniaiﬁs few reports of adverse events. Adverse events that are |
 attributed to glucoséxnine are gengmlly'mild and transient, and often relate to

- gastrointestinal concerns.

Although crystalline glﬁcosamine sulfate is regulated as a dietary supplement in.
' the Unitt;,é States, it has been available as a prescription drug in over 40 countries of the o
- world for over two decades. Among the countries in wlnch glﬁcosamine is regulated as
z;&rug are seven countries wnlun the European Community-EC (Fiﬁiand, Germany,
Greece, Ireland, Italy, Portugal and Spain) and several other European countries (Baltic
countries, Bulgaria, Czech Republic, Hungary, Poland, Rumama, Russia, Slovak
Republic). The substance has been éxtensively used in practice (as evident from market
data) on a wide geographical basis throughout the world, but no safety issues have been
raised through the pharmacovigilance monitoring system in Europe and in other

countries where the substance has a prescription drug status.
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IV. HIGH RANKING FOR THE STRENGTH OF THE
EVIDENCE FOR THE PROPOSED HEALTH CLAIM -
FOR CRYSTALLINE GLUCOSAMINE SULFATE

The Petitioner has evaluated the strength of the total body of evxdence that '
suppo»rts the proposed claim for crystalline glucosamme sulfate accordmg to the FDA
. guidance regarding significant scientific agreement (Guidance for Industry: Szgfzgﬁcant -
- Scientific Agreement in the Review of Health Claims Jor. Cénvéntional Foods and

Dietary Supplements) and recent guidelines concerning the review of so-called
“qualified health claims” (Interim Evidence-based Ranking System for Scientific Data).
In the opinion of the Petitionér, available evidence reﬂecﬁ ~signiﬁ¢axit scientific
agreement among qualiﬁéd experts that crystalline glucosamine sulfate recduces the risk
of osteoarthritis-related joint deterioration, joint pain, and limitation of function.
Should FDA disagree, however, the Petitioner would be willing to consider review of
the proposed claim as a “qualified health claim,” as described in agency guidance of -
July 11, 2003. In light of the extensive researcﬁ to &ate addressing the relationship
betweeﬁ,crystalline glucosamine sulfate and osteoarthritis, the proposed claim is, ata
minimum, a “Category B” claim for which the scientific evidence may be described as

supportive but not conclusive.

The clinical studies convincingly establish that an oral ;lose of cryétalline
glucosamine sulfate (1500 mg of glucosamine sulfate/day) is an effective therapy for
patients with mild, moderate and even severe osteoarthritis by reducing joint
deterioration and accompanying joint pain and limitation of function. Indeed, existing
clinical practiée guidelines for osteoarthritis published by major scientific. organizations

support the use of crystalline glucosamine sulfate in osteoarthritis. The two most
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mportant recommendations are those released by the American College of
'Rheumatology (ACR) and by the European League Against Rheumatism (EULAR). .
These organizations published their most recent guidelines in 2000, (56, 4), prior to the
publication of the Cochrane review (20), the meta-analysis by Richy (22) axnd the long-
term pivotal trials by Reginster (15) and by Pavelka (16). |

The 2000 EULAR guidelines (4), in their evidence-based assessment, support
the short-term efficacy of glucosamine on pain reduction and improved functio@ The
guidelines aélmm.;vledge the potential for disease modification by placing crystalline
_ glucosamine sulfate in category 1B—indicating a “high catégory\ of evidenice” in
support of the fecommendation. The highest category of evidence is 1A and at the time - | ,
of the 2000 publicatiqn, the EULAR placed only NSAIDs and patieqt education in the
1A category. The EULAR has since evaluated the new data on crystalline glucosamine
sulfate and has updated its practice guidelines (Osteoarthritis Task Force: ZEULAR
recommendations for treatment of knee osteoarthritis — 2003 Version, presented during
the Mn@l European Congress of Rheumatology — Lisbon, Portugal, 18-21 June 2003 —
Full report publication dué in the fall of 2003). Glucosamine sulfate has now been
placed in category iA indicating that there is the highest level of evidence with Aa very
large effect size and very high quality clinical trials supporting its efficacy in this patient

- population.

A four-member ACR subcommittee issued a consensus guideline in 2000 (56)
that recognized glucosamine among the agents under investigation and stated that
“while a number of studies support the efficacy . . . for palliation of joint pain. .. the

subcommittee believes that it is brematufe to make specific recommendations . . ..”
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TAe"ACR has not yet up&ated theseL guidelines to consider the compelling dataon
 crystalline glucosamine sﬁlfate published since this earlier review. Hochberg, one of
the four metubers of the ACR subcomitee id publish an “informal update” of the
ACR guidelines in 2001 w1th a paper enntled “What a dlﬁ'erence a year makes |
| reﬂecuons onthe ACR recommendatlons for the medxcal management of
 osteoarthritis” (57) In this paper, Hochberg reviews the new evidence appeanng inthe |
“year followmg the ACR guideline pubhcatlon that stress, among others, the
recommendaﬁon for the use of glucosamine. Hochberg acknowledges the different
evidence-based Wﬁve of the EULAR guidelines #nd, especially the appearance in
early 2001 of thé glucosamine Cochrane Review and the ldng-term trial by’ Reginster,
With a particular emphasis on the original crystalline glucosamine sulfate ‘preparation,
Hochberg’s 'analysis encourages the U.S. medical community “to reassess the use of
glucosamine as a ﬁfét-line agent at least for patients with knee osteoarthritis who have

mild-to-moderate pain”.

Hochberg’s focus on patients with mild-to-moderate osteoarthritis derives from
the emphasis placed on'Reginster’s long-term study, later reinforced by Pavelka_’s study.
Although this focus is definitely correct for the reduction in the risk of osteoarthritis
joint structure deterioraﬁon, Reginster’s group has shown that symptoms are relieved by |
glucosamine irrespectively of baseline disease severity. In addition, the sﬁort—term trials
reviewed here. indicate the symptomatie effect of crystalline glucosamine sulfate also in

moderate-to-severe patients,

The slightly different recommendations coming out of these European and U.S.

expert bodies is not surprising. There are major differences in the perception of the role

42

WG - 8273000001 - 1788445 v3



of Qucosamine for osteoarthritis in the United States and in Europe. While crystalline ‘
glucosamine sulfate is regulated in much of Europe as a prescription drug, it and other -
f@ of gluc;osamine are regnl;md as a dietary supplement inthe United States. The
tepid fecﬁmmendation from the ACR consensus guideline may very well reflectthe |
;:oflcem in the U.S. medical community that patients with osteoarthritis will tryto gelf-
' medicate'withéut first seeking the intervention of a medical professional. In addition,
most patiénts lack the sophistication 0 distinguish ﬁe various sources of glucosﬁnine
and may chose a formulation other than crystalline glucosamine sulfate which 1s the
standardized formulation with robust clinical data supportive of its use. Regardless of
'the reason for the different recommendatiorss, Hochberg’s “informal update” of the
2000 ACR coﬁsensus guidelines does recommend the use of crystalline glucosamine

sulfate in osteoarthritis patie'n&' with mild to moderate pain.

While we recognize that data in this Petition convincingly establish that
crystalline glucosamine sulfate has been proven to be an effective therapy for
indiﬁd@k with osteoarthritis, the data also establish that crystalline glucosamine
sulfate is effective at reducing the risk of developing osteoarthritis joint structure
dega&ﬁom pain, and limitation of function. FDA has previously recognized that it is
appropriate to consider clinical studies involving a diseased population to support a
health claim for a reduced risk of developing a disease. Perhaps most relevant are the
extensive data. supporting the cardiovascular benefits of omega-3 fatty acids in patients

with cardiovascular disease.

When issuing the-qualified health claim for dietary supplements of omega-3

fatty acids, the agency specifically recognized that “the evidence from iriterventional
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trials with‘ CHD as an eﬁdpoixit is s&ongly favourable in a diseased population showing
* tht oshega-3 fatty acid inake is rlated to reduced risk of CHD” and “that there s -
suggestive evidgﬁce that the béﬁeﬁt on CHD reported in dxseased populations will carry. |
" overto the general populaﬁon because omega-3 fatty acids have similar physioioﬁiéﬂ. '
eﬁ'ects in both dxseased and general populations” (Letter from Christine J.. M, PhD, -
to Jonathan W Emord, Esq, (Oct. 31, 2000)). Although the agency cited the absence of -
.controlled sﬁldies in the healthy pépulation as one of the. faptofs preventing a finding of
: siéniﬁcant scientific agreement for omega-3 fatty acids, the Petitioner believes that the
clinical studies on crystalline glucosamine sulfate provida‘a'n even more compelling

case than those studies with omega-3 faity acids.

The physic;logical effect of crystalline glucosamine sulfate is well characterized.
- Crystalline glucosamine sulfate not only provides one of the building blocks for
cartilage synthesis, but it suppresses thoée enzymes, that in patients with osteoarthritis,-
;:reate an imbalance by breaking down éarﬁhgé at Q faster rate than it is synthesized.
Crystalline glucosamine sulfate will have the same physiological impact in the healthy
population, as determined by clinical studies of patients with “mild osteoarthﬁﬁ;,;; a

patient population quite similar to the general population.

The clinical studies are mpporﬁvé of the use of crystalline glucow sulfate
in osteoaﬁhﬁﬁs prevention, particularly those studies that evaluated patfents witha miid
form of the disease. Indeed, Hochberg (57) specifically recommends the use of
crystalline glucosamine sulfate in paﬁeﬁts with mild osteoarthritis. The long-term study
of Reginster (15) further supports the ability of crystalline glucosamine sulfate to reduce

the risk of developing osteoarthritis. Reginster demonstrated that the protective effects
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on joit structure are dramatic in those patients that started the trial with a better-
pﬁ:seived joint {37). Reginster‘glassiﬁe'd certain patients as having “mild osteoarthritis”
| based on the. radiographic joint space width at the beginning'of the trial. The
prevcfntatwe effects of crystallme glucosamine sulfate in tlns patient populahon with °
" “mﬂd osteoarthntzs, a patxent populatzon very sumlat to the “healthy population,”

" combined thh the well—known mechanisin of action for crystalline glucosamme sulfate” .
support the ability of crystalline glucosamine sulfate to be effective in preventing the
onset of osteoarthritis. | '

The l?etitioﬂér believos that the evidence in this Petition establishes that there is
significant scientific agreement among qualified experts to support the proposed health
claim for crystalline glucosax'ﬁine sulfate (i.e., 8 “high level of comfort” that is not likely
to be reversed by new and emerging evxdence) Accordingly, it is the opinion of
Petitioner that the proposed claim should be allowed as a First Level Scientific Rankmg
and FDA Category A health claun. To the extent that FDA disagrees with this
assessment, Petitioner would accept classification of the evidence into FDA Category B
a;xd the appropﬂate qualifying languoge that would need to accompany such a ﬁealth
claim (i.e., “although there is scientific eyidence supporting the claim, the evidence is

not conclusive”).
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V.  GLUCOSAMINE FORMULATIONS OTHER THAN
CRYSTALLINE GLUCOSAMINE SULFATE DO NOT -
HAVE THE SAME BODY OF EVIDENCE TO SUPPORT
ANY CLAIM

Although several forms of glucosamine are presently marketed for dietary

3 supplement use in the United States, crystallme glucosamine sulfate is the only form of .
glucosamine that has been studied extenswely Crystallme glucosamine sulfate was
recently referred to in the USP/NF 2003 as Glucosamine Sulfate Sodium Chloride
(crystalline glucosamine sulfate) that, when' dissolved in water, gives a solution

. containing glucosamine, sulfate, sodivm and chloride ions in stoichimetric ratios of

| 2:'1:2:2.' For simplicity, this si:eciﬁc substance is referred to in the clinical and other
sciéntiﬁc literature as glucosamine sulfate. Other forms of glucosamine include
glucosamine hydrochloride, or N-acetyl—glucosimine or other, sometimes ﬁnspeciﬁed

“glucosamine sulfate” formulations.

These other forms of glucosérhine (i.e., glucosamine hydrochloride, N-acetyl-
glhcosamine, or other “glucosamine sulfate” form;xla,ﬁons) may not share the same
quality, pharmacological; pharmacokinetic and, especially, chmcal properties of
crystalline glucosamine sulfate. The pubiijcly available data establish that the same
degree of confidence aﬁplicable to crystalline glucosamine sulfate does not aﬁply to any
other glucosamine formulations. There are few clinical trials Momed with
formulations other than crystalline glucosamine sulfate and those studies that hve been |
conducted generally feature small sample sizes with less consistency in results when

compared to the studies with crystalline glucosamine sulfate.
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| The results from the studies on crystalline glucosamine sulfate cannot be
’ generalized to other forms of glucosamine. There are important chemical and
physiological differences between the various sources of glucosamine. As stated _

throughout this Petition, these differences include the following:

e Other sourc?s of glucosamine have not been shown to be bioequivalent
with the crystalline glucosamine sulfate fomuﬁﬁms used in clinical
trials.

° The clinical trials conducted on other sources of glucosamine have '
yigldeci less consistent results than those wifh crystalline g}ucqsamine
sulfate.

o The inorganic sulfates found in crystalline glucosamine sulfate are also '.
believed to contribute to its physiological effects. These inorganic
sulfates are not found in other sources of glucosamine. Sulfates control
the rate of synethsxs of the glycosammoglycan and proteoglycan that
become a part of the cartilage matrix. The sulfate serum levels increase
after gluéosamine sulfate administration (14). The importance of sulfate
in the carﬁhge synthesis process provides further support for using a

source of glucosamine that provides sulfates.

The published literature also is replete with statements cautioning against the
generalization of the results from studies involving crystalline glucosamine sulfate to
other soiirces of glucosamine. We repeat below many of the concerns that have been

expressed in the scientific literature:
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e The authors of the Cochrane review (20) noted that all but one of the
&ials'used»crysgning glucosamine sulfate and that the one trial with .
gluébsamine hydrﬁchloride gave less favourable; oratleast more
variable results. The authors conclude that the glucosamine fom_niﬂétioh

- and the presence of sulfates, therefore, seem to be important. |
e ﬁe m.eta-ax;dlysis peforméd by Richey (22) noted that the two studies
using other formulations of glucosamine sulfate (23, 24) emergedas -
those with the lowest effect size. |

e Reginster states “[i]n this sfudy glucosamine sulphate was approved asa
prescription drug, therefore, our results cannot be generalised to other
glucosamine products (or compound mixtures) such as those available in -
some countries as dietary 4supplements” (195). |

e In the accompanying editorial to the Reginster study, Dr. Tim
McAlindon, Arthritis Center Boston University Medical Center and the
principal ;mthor of the JAMA review‘ (17) notes “since glucosamﬁe is
generally self-prescribed, the likely primary beneficiary of this trial will
-bé the nutritional-product industry rather than the .phamiaceutica;
companyiihat« sponsored the trial, even though the results may not be |
generalisable to the highly variable formulations of nutritional
products” (35).

e Pavelka (16) states “[g]lucosamine derivatives are popular dietary
supplements in the United States and other countries, exploiting the
opportunity provided by ﬁe American Dietary Supplement Health and
‘Education Act and the clinical research data obtained with glucosamine
sulfate approved as a prescription drug for the treatment of osteoarthritis
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in Europe and elsé\a'rhere. The latter was used in our study and in most of
the previoﬁ cﬁnicgl experiences; at present, it is difficult to generalize
thése results to the highly variable and uncontrblled fénnulatioﬁs‘ of the.
other nutntnonal jproducts claiming a glucosamme content.”

. ~Houpt (44) notes in the introductory remarks on hls study of glucosamme '
-hydrochlonde that efﬁcacy of crystallme glucosamme sulfate is well

established, while that of glucosamine hydrochlonde is only anecdotal.

Given the concems expressed in the scientific community and the differences
between crystalline glucosamine sulfate and other forms of glucosamine, it simply is not
possible to generélize the ﬁndings in the crystalline glucosamine sulfate clinical studies

to other sources of glucosamine.

Limitation of the proposed health claim to crystalliﬁe glucosamine sulfaﬁ is
consistent with the accépted pﬁnciple that health claiin eligibility must be restricted to
the speéiﬁc substances for whiph the claimed health benefit has been demonstrated by
credible scientific evidence. In the case of health claims regarding specific types éf
soluble fiber and coronary heart disease (CHD), for examplé, FDA determineﬁ that
soluble fiber is a family of hetérqgeneous substances that differ significantly in their
effect on CHD risk. In the final rule that established the health claim regulation
(21 CF.R. § 101.81), the agency decided to authorize the claim for one type of soluble
fiber only—beta-glucan from whole oats—for which the available data demonstrated a
beneficial effect on CHD risk (62 Fed. Rég. 3583, 3587-88 (Jan. 23, 1997). FDA
encouraged manufacturers to Petition for a claim for additional soluble fibers if there

was evidence to demonstrate a beneficial effect of such fibers on serum lipid levels and
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fhus, risk of heart disease. (/) Indeed, FDA intentionally structured the initial health
| claim regulatioﬁ to facilitate its gubsequ;m amendment as evidence became availablg,’t;:.
support extension of the claim t'o ofher souroes of soluble fibér. As anticipated, FDA . -
later amended the health claim regﬁlation to include soluble fiber from psyllium seed
:hqsk and oatrim—a beta-glucan soluble fiber fraction that is produced from aipha-

" amylase hydrolyzed oat bran or whole oat flour.

The same case-by-case approach is warranted for health claims regarding
crystalline glucosamine sulfate and osteoarthritis risk. As with the soluble fiber, there
. are physiological diﬁ'eiences.in the various sources of glucosamine that require the
health claim to be épéciﬁc to each source of glucosamine. Moreover, the precedent
established by the soluble fiber health claimm establishes that manufacturers of other
squrcés of glucosamine must develop the datn‘tlmd Petition FDA for inclusion of their

substance in the health claim. A similar approach is warranted here.

In.addition to the absence of clinical studies supporting the efficacy of other
sources of glucosamine 'in the prevention of osteoarthritis, there also is a concern with
the variability in glucosamine content of ﬁxese other products (58). | The amount of
glucosamine sulfate in the Petiﬁ_onet’s product can be precisely detected by suitable
potentiometric methods (Attachment 2). The methods proposed are validated for
specificity, 1in§rity, accuracy and precision. Unlike manufaénxrers of other dietary
supplements, the Petitioner does not use the high-performance liquid éhromatography
method described in the USP 26, NF21. Surprisingly, this method does not detsct
“glucosamine” but only the chloride ions present in glucosamine hydrochloride or

glucosamine sulfaté sodium chloride (crystalline glucosamine sulfate). By using this
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US]? method it wouldbe poss1ble to dewct a content of glucosamme of 100 petcent
N when there :s no glucosamme in the dmary supplement (provxded, of course, that

chloride ions are present in the dwury supplement) (see also Petitioner’s comments
" under Attachment 3).
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"'y VL PROPOSED MODEL CLAIM
The Petitioner believes that the scientific inforrhation publicly available and

 summarized in this Petition, supports the following proposed model health clairn claim:

Daily dietarjr supplementation with Crystalline
Glucosamine Sulfate reduces the risk of qstedmhriﬂs

joint structure' de;erioraﬁon and related joint pain and
limitation of function.

. This model claim captures the information presented in this Petition by informing the
consumer that cryétalline élucosémine sulfate can reduce the risk of osteoarthritis-
related joint deterioration, joint pain, and limitation of function. The cleim is intended

. to assist in the prevention of the major health-related conditions that are associated with

osteoarthritis.

The Petitioner is willing to consider alternative health claim language that may
accurately characterize the nature and weight of the substantiating scientific evidence
concerning the benefits of crystalline glucosamine sulfate in osteoarthritis. The claim

should not, however, be extended to any other glucosamine formulation or combination

product.
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VIL POTENTIAL EFFECT OF THE CLAIM ON TOTAL
INTAKES OF THE SUBSTANCE

| Dxetaxy supplements claiming a glucosamine content are widély used in thc
United States. Approval of this health claim may further incredse the con of .‘
glucosamine éontaininQ supplements, particularly those containing crystalline
glucosamine stﬂfate. The increased consumption of crystalline glucosamine sulfate isl
expected to have a beneficial impaét in that it would reduce the incidence of |
osteoarthritis. No adverse or beneficial changes in other dietary practices are expected.
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VIIL DESCRIPTION OF ATTACHMENTS

All reports from chmcal tnals that are pubhcly avaxlable are included under
Attachment 1, together with all scientific references cited here, in order of appearance in
' the texct of this Petition. To the beat of Petitioner’s knowledge, all non-clinical studies
" relied uponi in this Petition were conducted in complianc;e with the good laboratory
practices regulations set forth in 21 C.FR. Part 58 and all ciinical studies wrere either

conducted in accordance with the requirements for institutional review set forth at 21
C.F.R. Part 56 or were not subject to such requirements in accordance with 21 CFR.
§ 56.104 or § 56.105, and were conducted in compliance with the requiremients for

informed consent set forth in 21 C.F.R. Part 50.

Attachment 2 includes the description of the assay of for glucosamine in

crystalline glucosamine sulfate.

A;tachment 3 includes the Petitioner’s comments on the HPLC determination of
glucosamine in raw material and tablets described in the USP 26 NF 21 (see section V

for Attachments 2 and 3).

Attachment 4 contains the results from a Medline search of the terms
“glucosamine and osteoarthritis” and includes articles with an& without abstracts. The
search has been updated and includes all articles already indexed in Medline at the end
of August 2003. Not surprisingly, thig search identified numerous publications that
have limited relevance for purposes of this Peﬁtion. This Petition summarizes only

those articles that are of sufficient quality and relevance to provide meaningful input on
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the relationship between glucosamiine and osteoarthritis. The Petition also includes

. ' relevant abstrgqfs that cannot be searched in Medline and other articles related to this
topic. |
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® IX. ENVIRONMENTAL IMPACT
Pursuant to 21 CF.R. § 25.32(p), the requested health claim approval soughtin
" this Pétiﬁon is categorically excluded from any requirement to prepare an "

i
"

environmental assessment or environmental impact statement.
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X. ,CONCLUSION AND CERTIFICATION

For the foregoing reasons, the Petitioner mquests that FDA approves the

pmposed health claim.

On behalfof Petmoner, and pursuantto 21 CF.R. § 101.70(h), the undersigned

certifies that, to the best of Petitioner’s knowledge, the Petition includes all information

_ and views on which Petitioner relies and is a représentative and balanced submission

that includes all favorable as well as unfavorable information known by Petitioner to be

_pertinent to thg'evalﬁétibn of the proposed health claim.

YOurs very truly,
HOGAN & HARTSON L.L.P.

‘Martin J. Hahn
Attomneys for
ROTTA PHARMACEUTICALS, INC.
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