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SEPT 2005 medications used for the treatment of OA include acetaminophens, non-steroidal anti-

inflammatory drugs (NSAIDS), injectable intra-articular corticosteroids and
‘hyaluronic acid. These drugs primarily provide pain relief, but have not yet been
demonstrated to achieve true remission of the disease by slowing or otherwise halting

15 = progression of the Adisease (Altman et al., (1998) Osteoarthritis Cartilage 6 Suppl.
A:22; Hochberg et al., (1995) Arthritis Rheum.38:1535; Hochberg et al., (1995)
Arthritis Rheum. 38:1541).

Many forms of arthritis are treated initially with NSAIDS, sometimes together
with other analgesics. Where the disease is not adequately controlled with these
20 agents, disease-modifying (remission-inducing) antirheumatic drugs, such as gold
salts, D-penicillamine, antimalarial agents and cytotoxic agents, may be utilized.
Ultimately, glucocorticoids may be administered, systemically or by the intra-articular
route. Yet, none of these drugs is significantly effective in achieving true remission:

of the disease in most patients.

25 Bohne described the use of glucosamine (GA) to treat OA (Bohne (1969)
Med. Welt 30:1668). Since then, GA has gained popularity, and now is commontly
used to treat OA patients. -GA salts (sulfate and chloride) are thought to have
chondroprotective or disease-modifying properties (Altman et al., (1998)
Osteoarthritis Cartilagé 6 Suppl. A:22; Lozada et al., (1997) Bull. Rheum. Dis. 46:5;




WD 02/ 078445 2 PCT/ US02/ 09859 Mevorach et al., (1994) Isr. J. Med. Sci.
30:928), and were originally suggested to pronote the repair of dgérggﬁ,c} 005
cartilage Several studies have denonstrated that cartilage fromp &
with OA is characterized by accelerated turnover of the cartilage matrix
conponents and by inadequate repair (lnerot et al., (1978) Biochem J
169: 143; D emmensussal ., (1995) Acta. Othop. Scand. (Suppbcr/@86ogss: 1). GA
has been shown to provide anti-inflammatory activity by a nunber of
different mechani sns. For exanple, GA was shown to provide
anti-inflammtory activity by inducing upregulation of glycosam noglycan
synthesis. GA-induced upregul ation of glycosanm nogl ycan synt hesi s represents
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(1999) Arch. ’B?Q"B%'f‘\%'ﬂg sAhgyn topyoyide Apflyinflammatory ‘tﬂ‘n‘&%%b_r yl ation
events in the 1hdﬂcﬁ{g|u9kéghﬁnoﬂ oiaglﬁdohmmhog(lychn $irfidki ng cascade, providing
anti-inflammatory activity. One of the ‘end-products of the hexosam ne

pat hway, UDP- N-acetgA- nﬂhc&%égﬁﬁﬁ&m%cowﬁnﬁﬁmsytrﬂleBi@'%éﬂré%brﬁ@Be in the
I C

dynayi c pr ocess of protein cosylation h utilizes serine or

t hr eoni ne 10 e<PBERES mesabole H@F?Sﬁ’g”@?h( @got@%@ily mgdiatrd thrapehageveral 1997) Bi ochem

Bi ophys. Res. ﬁ&hgﬁﬂyguch?agis%é:ﬂalrec f&rﬁéﬁﬂgaahe! wexomev&mly%a on of serine
residues can conpete wth 0S ation of the sane resSidues, resulti ng

i n i npairnent C@tummmtlaséllelmgﬁweﬁegbﬁak corﬂmhﬁsmw@ﬂxn@ﬂlmﬂawa@é%a(e@idwet al .
(1995) Proc: Natdoufiptkorifecet bSMIOE AL oy el el Biolinounligyi nduce nitric
ondr ocy

oxi de (NO pr ctironin cu turé artic es (Genget al.
(1995) J Cel | .upRipykiion of TGBx Bebjuctibh (Koljnil-inpeti it (61698)J Clin. Invest.

15 101:160). Recently, a novel mechanism of GA-mediated chondroprotection was

described, which involves the inhibition of aggrecanase activity in bovine cartilage
explants and rat chondrosarcoma cells (Sandy et al., (1998) Biochem. J. 335(Pt 1):59)
‘ via suppression of glycosylphosphatidylinositol-linked proteins (Sandy et al., (1999)
‘ " Arch. Biochem. Biophys. 367:258). '

20 » GA may inhibit phosphiorylation events in the interleukin-1§ (IL-18) signaling
) cascade, providing anti-inflammatory activity. One of the end-products of the
\ hexosamine pathway, UDP-N-acetyl-B-D-glucosamine, was shown to participate in
the dynamic process of protein O-glycosylation, which utilizes serine or threonine
residues as anchoring sites (Haltiwanger et al., (1997) Biochem. Biophys. Res.
| 25 -~ Commun. 231:237). Potentially, O-glycosylation of serine residues can compete with
( phosphorylation of the same residues, resulting in impairment of intracellular signal
‘/ transduction cascades (Chou et al., (1995) Proc. Natl. Acad. Sci. USA 92:4417).

| IL-1B is known to induce nitric oxide (NO) production in cultured human
articular chondrocytes (Geng et al., (1995) J. Cell. Physiol. 163:545). IL-1B-mediated

30  induction of certain mediators of inflammation, including NO, cyclo-oxygenase-2
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cycl o- oxygenase-2 28 SEPT 2005 WD 02/ 078445 PCT/ US02/ 09859 enzyne &g)gé—ﬁ.)mos
and interleukin-6 (IL-6), is associated with translocation of

transcription: nuclear factor-KB (NF-KB) diners fromthe cytoplasmtothe
nucl eus, where they bind to target genes, and regulate their transcription
(Chu et al .wo@©29®8)s Bi ochem Biophys. Res. Conmun. 248: 8FQT/USIRA et al .,
(1997) FEBSLett. 418;135; 5 Parikh et al., (1997) J: Sur. Res. 69:139). The
process of NF-KB activation depends on phosphoryl ation of two serines
(Ser-32 and Ser-36) in the KBa inhibitorysprotein (IKBa) in the N-term nal
regul atory domain of the icB{3 inhibitory protein (IKB(3) (Karin (1999) J.

Bi ol . Chem 27@2%1%3«?&)%1‘)%& idté}fehfa‘im@(ﬁﬂq %J‘%&J%%Eﬁd% tr&@l%k%%?a oF i nduced

upregul ation o ycosam nogl ycan synthesis, may contri eto GA's
anti-arthriti ctractiptioningsleadaciertiB (NBxBydiglens\iea tetcitopladrh amtanoclyusact i vity

and protected rats . frompaw edenmn induced . bradyki nj_ er in and
1 st At ne. (Set Mo P8 Vg 8RR WAL ERRG Beir oRTRD Al h S8 WM o7 cn
al so pr ot ect edBrehem|BormgaiRes iCoppnms148t 87 1] Nelutor et Dy (10aTY AT, 418135,

peritonitis_induced by foroaljin, an use peritonitis_induced by acetic
acid (Setni %argmé‘teh %le,(l%gj?gg'l ur ﬁ@einé‘%gﬁo hedrocepy é\sﬁ?ég actyvption dependsca (j d
not suppress gyghd BRGE 186 sdrt @et-y3 | 2% Bhd rat paw,
but it did supprgss&gge#oxi de Serlljer g?i g%hrgn%pl gfsq%s%érr%& gﬁuzﬁyl/ﬁy Ig'gtﬁlglvi ties in
rat liver (Set(iRa)inghe NHermi®) r¢guBaty donzin ef thre KBP swhibifcby prptdRe@xBRNL: 157) .

Orally adm ni st,ere | s.0 r ¢ ti-inflanmatory activity in kaolin
or adjuvant-in ua(?englgggt)g'r?lﬁ' @?’?1?3?23 et ni kar et al., (1991) :

AT Z.”E! m Forsch. / Dr uﬂ{:ﬁ-ﬁ:":ﬁfﬂm‘ mAé%o:r? 4rr{2§_£!1' amljgl\éfeb\é irdés @Rél\}';'&u%é&l arggl,'u\fa 'O%rc])
antirinflammatory activities o wer e T ower en admmistered orally, as
conpar ed t 00 coglyesspmitdighygarasyhihesis, iney cofitribiitatd GA’ sasitiianths i e adiditiee ed weisal i cyl i c

acid or indone %ain. A nunber of tents, rel at t he use of. d
- acet yl gt uoos O W oAy iR BRARR PPy RE Ao e saro s BB P Jmioed PY 1 o
condi tions. U. tradidhi@ derdinin 3ndi82:0106 (SefrRear @t 1), (I99SLhasaa-Khehupeudlf GA
salts for the tre t of OA and rheunptoi.d arthritis; U S Patent No.
4,870,061 ( Spe%ﬁg} ﬂﬁﬁr{g@t SR PrateEied PR R AL S?"B?J,Qi frduaeft py carragenan, rat

peritonitis induced by formalin, and mouse peritonitis induced by acetic acid (Setnikar

15 etal., (1991) Arzneim-Forsch./Drug Res. 41 :157). GA did not suppress
cyclooxygenase or proteolytic enzymes in the inflamed rat paw, but it did suppress
superoxide generation and lysosomal enzyme activities in rat liver (Setnikar et al.,

(1991) Arzneim-Forsch./Drug Res. 41:157).

Orally administered GA also expressed anti-inflammatory activity in kaolin-
20  or adjuvant-induced arthritis in rats (Setnikar et al., (1991) Arzneim-Forsch./Drug

) Res. 41:542). However, anti-exudative and anti-inflammatory activities of GA were
lower when administered orally, as compared to corresponding activities of orally

administered acetylsalicylic acid or indomethacin.

A number of patents relate to the use of GA and N-acetylglucosamine
25  (GleNAc) for the treatment of specific arthritic conditions. U.S. Patent No. 3,683,076
(Rovatt) discloses the use of GA salts for the treatment of OA and rheumatoid
arthritis; U.S. Patent No. 4,870,061 (Speck) discloses the use of GlcNAc for treating
degeneratjve joint diseases via buccal administration; U.S. Patent No. 5,840,715 and
U.S. Patent No. 6,136,795 (both Florio) disclose the use of GIcNAc sulfate as a

30 nutritional supplement in a dietary regime to provide relief from arthritis.
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degenerative joint diseases via buccal adm nistration; U S. Patent No,
5,840,715 and U.S. Patent No. 6,136,795 (both Florio) disclose thg d F 3&
G cNAc sulfate as a 30 nutritional supplenent in a dietary regine % E 3 '88
relief fromarthritis. 28 SEPT 2005 SUMVARY OF THE | NVENTI ON One enbodi nent
of the present invention relates to the anti-inflammtory and

chondr opr ot woteww4gy operti es of glucosam ne (GA) and N aceCWUgi2@es58am ne 5
(A cNAc). According to this enbodinent, GA and G cNAc exhibit their anti-

i nfl ammat ory and chondroprotective properties by interfering with

cyt oki ne-i nduci bl e gene expression in chogdrocytes. In one particul ar aspect
of the present invention, G cNAc fornmul ations surprisingly showed
unexpect ed anal gesic effects in mammals. The anal gesic 10 properties of
formul ati ons of the invention nake them useful for treating, for exanple,

osteoarthritis (OA) or rheumatiidvedt V'O TAEIRAYENTION Patient in need of
such treatnment. In one enbodiMent_of the nernod, the invention provides a

nethod including agglBheidntndrs e ?es&ﬁﬁﬁx@ﬁﬂona}eﬁ@m(}ﬁé SAtPifx‘xﬂ%Hlfa%'rﬂr{ag a
therapeutical ly effective anmount f cNAc, either alone orih conbination

with an existi ﬁgorérﬁwotﬁﬂwpawremf&!ﬁmmne(%)wes&éhw%giweammm bi tor.
Sui tabl e meshodsRfacRdftddkdh dﬁtro'tﬁ'ig ehBEMERL ¢ 68054 @icﬁptzeethft%&%d nvention

i nclude, but are not ' limte intra-artic topical and intra-
muscul ar net hodeflammpater @né@lpeémpmh@ Ifrglpqmﬁszlw|lmﬁeralgevlthmywtr@dndumble

intra-articul ar Eﬁ’“"{’ﬁ%%ﬁ%\bgﬁ &@t %r entrapment of G cNAc (as in |iposones)

favorably nodi fgl es ity and pharmacodynam c profile of

intra-articularly i ﬁg&t | GGG £ 1ABAW NGS Fi gure
1 shows the tine- deggﬁﬁgﬁﬂmg%f e gﬁLFgﬁ?Eﬁ‘ l(::)-‘lientralppae_llcr?lr:u di fferent

| i posomal f or metmtisingly shavednudexmgetedammigssie pffends impmammudls. t Fe analgest | ons. 25
Figure 2 illus L : 0 ed in

di fferent IPi p%gog)renlg]l%s {)ﬂ({)&‘r&r_{ﬁu : |ng§§§l?§h%ﬁt %gﬁ%gﬁ‘%\?’l ‘gsleglf Fuuritrgﬁir{lggﬁpt hr ee

rheumat oi d art lexanpleg o@ﬁév)rthnpa((Dﬁmrsheuﬁ&tcﬁiEmiZi@OEAmaQﬁti&ﬁ&mﬂ@d of such

PCT/ US02/ 09854 FHQ%EF illustrates the tine-dependent rel ease of [3H G cNAc
entrapped in

In one embodiment of the method, the invention provides a method including -
administering to a patient a composition containing a therapeutically effective amount
15  of GlcNAc, either alone ‘orin combination with an existing anti-inflammatory drug or
a hexoaminidase inhibitor. Suitable methods of administering formulations of the
present invention include, but are not limited to, intra-articular, topical and intra-
muscular methods. In one aspect where formulations are injected intra-articularly,
- encapsulation or entrapment of GIcNAc (as in liposomes) favorably modifies the - .

20  availability and pharmacodynamic profile of intra-articularly injected GlcNAc.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the time-dependent release of [*H]GIcNAc entrapped in

different liposomal formulations according to one embodiment of the inventions.

25 Figure 2 illustrates the time-dependent release of {*H] entrapped in different
liposomal formulations into the synovial fluid from three rheurnatoid arthritis (RA)

patients.



different |iposomal formulations into the synovi aI fluid fromthree
osteoarthritis (OA) patients: Figure 4 illustrates the tine- depen?ﬁSEPTZO%
retention of A cNAc in rat kneejoints 5 after a single intra-artiCu

admini stration of GcNAc in a. normal saline solution (control) as conpared
to a single intra-articular adm nistration and G cNAc entrapped in a '
| i posormal fwiomioE#4son conpri sing DSPC/ Chol . Figure 5 il | uBEFESBHEShe

ti me-dependent retention of GLcNAc in rat knee joints after a single
intra-articular adm nistration of GLcNAc entrapped in a |iposonal 10

formul ati on conprising DSPC/ Chol / DSPE. Figure 6 illustrates a pain response
(based on pain scores defined herein) for rats as a function of

intra-articul ar adnh@hr%tﬁrhﬁ‘s@a@é ﬁa‘é){llﬁ{efﬁeﬁendghtgb!@&se%f [3H|]GI%NVA%te€§ap%@d§{‘a| gesi C
effect of A cNAc when intra-articul arl % adm ni Stered I n’a osonal
2

formul ation cofisferest hppsompomrlaionp it emoaabﬂmé fiop thres Oétte@ﬁllhﬂﬁé( J ution
and a saline sglyj.on. DETAILED DESCRI PTI ON OF THE | NVENTI ON _Abbrevi ati ons
and Terms In accordance with the present invention and as used herein, the
following 20 ter rnsmgﬁy@ 43PnaNL aateltlmegérﬂeﬁ%ﬂe&m cm&NA@ﬁ”thHee 0
meani ngs, unless explicitly stated otherw se hese expl anat | ons are
i nt ended to° bea@(@ﬁmg&rlytr@mlyulmeymaraéwmf GlcNdicap dsermad salingiselutiore t erns as
they are descr [Jaﬁﬁlol?Es dopateli 88a Liflik Mﬁ%ﬁ&% abyHfnisu St @rfén%'@]@]tlkf? @ntr%@%dﬂ'er
t hese expl anations are neant to |$1c 'ude any additional aspects and/or
exanpl es of théﬂqmﬂd@m%wnb@lupmm%ﬁ/ﬁb@ﬂ herein. 25 The fol | owi ng
abbrevi ations are used herein: Chol = cholesterol; DVEM = Dul becco's
Modi fi ed Eagle Medi Eimlre Shibpates t!aieém@adegwdenuaswmwﬁdw@g/incrhtdmenéqims8 SEPT
2005 WO 02/ 078 Wi SN
L- a- phosphat i dé{}é ﬁg%néxﬁgéig g@a&aﬁogb§é§%§regt§fpped in a liposomal
L- a- phosph&®i dﬁdrmetahemcﬂmsmell&ﬂﬂ/@g&m& o polyethylene glycol DSPG =
di st earoyl L-a-phosphati dyl-DL-glycerol;

Figure 6 illustrates a pain response (based on pain scores defined herein) for

rats as a function of intra-articular administered bradykinin.

Figure 7 illustrates an analgesic effect of GIcNAc when intra-articularly (1A)
administered in a liposomal formulation comprising DSPE as compared to GlcNAc in

15  asaline solution and a saline solution.

DETAILED DESCRIPTION OF THE INVENTION

Abbreviations and Terms

In accordance with the present invention and as used herein, the following
’ 20 terms and abbreviations are defined with the following meanings, unless explicitly
stated otherwise. These explanations are intended to be exemplary only. They are not
intended to limit the terms as they are described or referred to throughout the
specification. Rather, these explanations are meant to include any additional aspects

and/or examples of the terms as described and claimed herein.
25 The following abbreviations are used herein:
Chol = cholesterol; |
DMEM = Dulbecco’s Modified Eagle Medium;

DSPC = distearoyl L-a-phosphatidylcholine; -



% i O Bl R & i e : PR o
5 DPPS di pal mtoyl L-a-phosphatidyl-L-serine; ERIC = extracellul ar signal
regul ated kinase GA = glucosam ne GAGs = gl ycosam nogl ycans; G cMASEPT 2005
N- Acetyl gl ucosam ne 10 HA = hyaluronic acid; IL-1(3 = interleukin-1p; 1L-6
= interleukin-6; iNOS = inducible nitric oxide synthase; WMAP =
m togen-activated protein; 15 MHA = Mieller-H nton agar; MV =
mul ti | anel V89 0%/&8#48| e; NSAI D = nonsteroi dal anti-infl ammeREYYS0HPHSF A =
osteoarthritis; PBS = phosphate-buffered saline; 20 PEG = pol yet hyl ene
gl ycol ; PMSF = phenyl net hyl sul fonyl fluoride; RA = rheumatoid arthritis;
SW = small wunilanellar vesicle; TFA = T6ifluoroacetic acid; and 25 TNFu =
tunmor necrosis factor. 28 SEPT 2005 WO 021078445 PCT/ US02/ 09859 The term
"active ingredi ent "DIRH €l8teh@yRLahiogbetidyl-eabhdfargihé:ect i ve anount of drug or
formul ation-thereof. Preferred active ingredients of the present invention
are aminosugars, SDEHE-@6n SdixNARyADd-$B8sphhti@ylictiafdlamingicoghgaab” refers to

.natural polysaccharide polynmers conprising 1,4-1inked 1D nmannuronic and
yahyigeiEhtes

a- L-gul uronic in varying proportions. Alginate is capable of
form ng stable gels articularly in the presence of certain divalent
cations, such as cap%ﬁpcélﬁ]dISE?&FCIYbI‘ﬁa'ﬁll‘ﬂip'}é‘”‘flﬁﬂrﬁ}r'ﬁhﬁce’?he term "ami nosugar"
refers to any synthetic or naturally occurring sugar wherein one or nore

carbon ators are sUPRRS T dipalaitgyt brogphosieidyldr&ape:(- NH2) in
ERK = extracellular signal regulated kinase
GA = glucosamine
) GAGs = glycosaminoglycans;
| GleNAc=N-Acetylglucosamine
10 HA = hyaluronic acid;
IL-1p = interleukin-1B; _
IL-6 = interleukin-6;
iINOS = inducible nitric oxide synthase;
MAP = mitogen-activated protein;
15 MHA = Mueller-Hinton agar;
MLV = multilame]lar vesicle;
NSAID = nonsteroidal anti-inflammatory dmg;
OA = osteoarthritis;
PBS = phosphate-buffered saline;
20 PEG = polyethylene glycol;
PMSF = phenylmethylsulfonyl fluoride;
RA = rheu_matoid arthritis;
SUV = small unilamellar vesicle;
TFA ='T1'iﬂ-110roacetic acid; and

25 TNFo =tumor necrosis factor.



10 place of a hydroxyl group (-OH). Such substitution may occur w thout
regard to, orientation or configuration of any asymretric carbonsyggesenhos
in the sugar. Unless stated otherwi se, the term"am nosugar” refers to

ei ther anoner (a or /3) of a cyclic aminosugar, Am nosugars nmay be

N-acyl at ed, where one hydrogen atom of a pendant am no roug i s replaced by
an acyl moi¥PYABEER where R = lower alkyl). 15 Accordi ng"(iTé VI8 eferred
enbodi ment of the invention, R = methyl (-CH3). The term"arthritis" refers
to any particul ar disease characterized by joint inflammation, although the
etiology of the inflammtion may differ ih various conditions. Relatively
comon arthritic diseases include rheumatoid arthritis, juvenile arthritis,
ankyl osi ng spondyl |The3¢n:ﬁ$omveahgxedxaxttt’ Feférs tosa taadpmtmyeﬁﬂehﬁﬂetatrﬁ)unt'l'dfese 20
are also ref erg ed tf) "de ene tapt |fve 0j.nt dlgeasef The terns "articul ar
cartilage" or ’35?’& OFB‘élénonr g?rg? & ?%EY%H@@ IENS P B PESE IYRRECIE hones
and forms the jmintdugsysheacasGicNAELhd @ge can w t hstand conpressive . forces
and creates a low friction surface for a joint to glide on. Articular
cartilage conpri sekhecehl ‘Glghndtd g’ ehpd mamy4l 661y9dad1aaxdérpélwnx§rs(éeﬁpﬁ§i§g' ng
proteins and 25 am no gars. The term"cartllgjgre degradatjon"” refers to

degr adat i orP i nl-fHhaked %““UE‘B‘FFpﬁ“fisCf bgulEqngq geadyesi %"tﬁé‘l‘]"%ﬁl@@gaﬂlépmﬁ’ﬁsl S
characteristi CA%fmaf%r ik biﬂaf)l'e%f fobh Tgts%f@ gefshbérﬁcfhlarfyeiﬁ eDrésendeRPbaA CNAC | i nked
ina (3-1,4 fashion. Chitin is ound 't hroughouf nature, for exanple in the
exoskel et ons ofivilpeatignsaeh é&%@t%@&num@néwtms WO 02/ 078445

PCT/ US02/ 09859 8 The term "chitosan” refers to deacylated chitin, or

(pol y) N- gl ucosami nelhejteRe @minqsugar refersfopry symdstic Th’éat‘ffélﬂ)fﬁccélﬁ@ﬂdP@éyt e"

refers to cell gnd@HnRde ¥ hbleRadbh ht%Hllsﬁfe SG%Edté@«gﬁmmaa%{ imszl)moduce
col l'agen, a gel ati nous protein, %@Ot eo gcans whi ch are ucosam ne

gl ycansl i nerd placenf oyl g uwd- Qlé) | hﬁ‘thi‘%‘ﬁ PRV BEEHT iUt regmemt erm

‘conj ugat e" rewnmwo; &ﬁﬁ%ﬂ'ﬁ@éﬂ%?@syﬂﬁn&ﬂpca%on@&gen@hﬁhb% vRkgeul es
that are chem cally bonded. An exanpl é of a conjugate in the present
invention is "fSpEotlenyise, tiérei amDBREC orfesdp ot 2nandi(goedl g cyclic
phosphat | vl - &4 HanelAH MG SAM: AT b N-4g:Ral YRLDYhERR-eX Gl of 1 1Ni's case

via an ester bon
: pendant amino group is replaced by an acyl moiety (-COR where R = lower alkyl).

15 According to one preferred embodiment of the invention, R = methyl (-CH;).

The term “arthritis” refers to any particular disease characterized by joint
inflammation, although the etiology of the inflammation may differ in various
conditions. Relatively common arthritic diseases include theumatoid arthritis,
juvenile arthritis, ankylosing spondylitis, psoriatic arthritis and osteoarthritis. These

20  are also referred to as “degenerative joint diseases”.

The terms “articular cartilage” or “cartilage” refer to a substance that covers
ends of bones and forms the joint surfaces. Cartilage can withstand compressive
forces and creates a low friction surface for a joint to glide on. Articular cartilage
comprises cells called chondrocytes and a matrix comprising proteins and

25  aminosugars.
The term “cartilage degradation” refers to degradation in the tissues

comprising cartilage. Such degradation is characteristic of arthritis.

The term “chitin’ refers to (poly)GIcNAc linked in a B-1,4 fashion. Chitin is

found throughout nature, for example in the exoskeletons of insects and crustacea.



;;;;; — G ) .
10 bonds characteristic of conjugates according to the invention include,

but are not Ilimted to, am des, acetals, thioaeetals, esters, and288EPT200

t hi oesters, or any such bond chiefly forned by treating a reactive carbony?

conmponent with a nucleophile. The ternms "COX-1" and "COX-2" refer to two
structurally related but functionally distinct cycl o-oxygenase enzynes.
COX-1 has aVROXEW&Satic function 15 and its inhibition i BCURHREYFUDI e.
COX-2 is an induci ble enzyme whose presence increases in response to

i nflammati on. The term "encapsul ation efficiency" refers to the anbunt of a
conpound or active ingredient enconpasses, incorporated, |oaded,

associ ated, bound or otherwi se entrapped within |iposones, m crospheres,
nanoparticles, or tTig tbink®hitb&inURMeE &l deacdatedydn@i or (pSlyPRRS£BHnSIKad Per cent
encapsul ation of the active ingredient. The term "entrapped” or
"encapsul at ed" radt-dAda¥Pnany net hod of fornulating an active ingredient,
~whi.ch.confines, sequesters, or otherwise inhibits the free dissolution of
the active ingredi ehte i hepfroeyto relsrs te esllsdopidasthin pHeflarceddagsxanpl es of
entrappi ng or encARSNRbLIRYcAGRYS, i BLRThENbSid, B n&@@ogxgé&s,%?chmgé limted
to, 25 fornmulation i n |iposones, mcrospheres, or nanopafticles, for

exanpl e, sofi delnggsprine ghysanslinkied fogmoteinp taloeeled mhgopolysasthroiges)can” refers to
| ong het eropol ysaccharide nol ecul es containing repeating di saccharide

uni ts. The di sacchaFiedermyrionygaayreéaniotheswmbirationpivo e thoapdlisinstigars:

N acetyl gal act ] SheNAG, unRQni i M@% uronate or
i dur onat e. Anoﬁlgﬁ:g%lﬁitrh Qt;alljncti 5né1,9%%]ﬁ\%g' ég?\%gn]giglogafu |a%3??%59%5%i d 28 SEPT
2005 WO 02/ 078uwentpaTy (IXPE-0985 9heneint IDSPE eoirssppndSioatistdaray] piGahatidyl-

physi ol ogi cal s gnjfi:c ' ' : ~ :

chondroi tin su?‘%‘%{ggﬁﬂgﬁ?gﬁ?&ﬁg%giﬁﬁnﬁ gs”&%fbgct% ie% %nﬁﬁgie;%iﬁg%%g cfa'ttc()at.}mThe term
"hexosamn n&® r bénals sharerterisiic ahtandigaigaaccoiding te the-invenbeminclpdd, phyate notyal cohol

cCompr1 seaal dobane B B 0ET 4G Bart Bl AR A BiockR, d BT BRI GRAY 12

et oses, w or orrentation
or confi gur at i &mmed by treetingadeactve caltwnglspmpetant witb ambdeaphiler ef er r ed ‘
am nosugars are 2-, 3-, 5- or 6-deoxyketoses, preferably deoxyam no sugars
such as, for exanplls te@s, “GakidsehiGRX-ahtferdad bwd gswtvrally relvted butpr ef er abl y,
amino sugars . afg 0¥, AG UG yA0deHeSac BhSRE dcbRAMMAS RN RTAR R V02 S
such as, for exanple,

15  and its inhibition is undesirable. COX-2 is an inducible enzyme whose presence

increases in response to inflammation.

The term “‘encapsulation efficiericy” refers to the amount of a compound or
active ingredient encompassed, incorporated, loaded, associated, bound or otherwise
entrapped within liposorries, microspheres, nanoparticles, or the like. In general,

20  “‘yield” is expressed as a percent encapsulation of the active ingredient.

The term “entrapped” or “encapsulated” refers to any method of formulating
an active ingredient, which confines, sequesters, or otherwise inhibits the free
dissolution of the active ingredient in a solution or solid phase. Preferred examples of
entrapping or encapsulating active ingredients include, but are not limited to,

25  formulation in liposomes, microspheres, or nanoparticles, for example, solid-lipid

nanoparticles.

The term “glycosaminoglycan” refers to long heteropolysaccharide molecules
containing repeating disaccharide units. The disaccharide units may comprise two
modified aminosugars: N-acetylgalactosamine or GlcNAc and a uronic acid such as

30 glucuronate or iduronate. Among other functions, GAGs serve as a lubricating fluid



"hexosam ni dase" refers to any gl ycosi dase enzyne that partially Obg SEPT 2005
conpl etely hydrolyzes chitin or chitosan into their respective
nonosaccharide structural units, e.g., G cNAc and GA. Exenplary enzynes

i ncl ude exo-type beta-D gl ucosoam ni dase, beta-N acetyl hexosam ni dase,

chi t osanaseWOodBi0fd4tase, | ysozynme, 15 etc. The term "hyal B¢ BHHP@/0AEPd" refers
to a naturally occurring nmucopol ysaccharide conprising alternating subunits
of glucuronic acid and gl ucosam ne. Hyaluronic acid is a |linear

pol ysacchari de (long-chain biological polgner) formed by repeating

di saccharide units consisting of D-glucuronic acid and

N-acet yl - D- gl ugomandine 8fkclficrtkaGs &pphi36132idd sipndichRie hrelyafkotOsii@i ¢ | i nkages.
Hyal uronic acid is conercial |y  avail ab%le, in several nolecul ar weight
ranges spanni ngeE AR5y dateHARGBEYFulBEs, bownnhgpasrifats, apg&eratag sulfates Dal t ons.
Hyal uronic acid is also ayailable as a sodiumsalt and is a dried, ;

hi ghl y-purified subsieigER Tesgming Hefals io #Amnomgasof peig<abBd with a
variety of preggiMadrbMatokd @8Mtainhglelier ah bidelyde bH8k&ihe Bip. MBe thiri ted to,

al kyl 25 substituted benzoic acid esters, alcohols, conjugates, blends, and
m xt ures t hér eBFXOFHBINE sPMPrILES alleres Hagyalayes prd keosgs, pothgwtaesasd farepeat i ng

mol ecul es of Noafatohl I HERIARLASS A Horlls UEHE A nfm ¢ SnbohRe plefily” | L-1 P
refers to interleukin-Ip, an i munonodul ator that nediates a w de range of

i mune and i nf PENPSRESFSATS &s o AsUP-ddonketndpsaprefanadl yéaokyaming sugsfs sBech 80 and
T-cells. 28 SE ' : "l 6"
refers to int erﬁ%eeg%?ﬁ? \é&g{génlgllz%?lﬁﬁenagﬁ %%%%?%E?ﬁrgwﬁggﬁ?é%?%u (;:l}esd by a

| arge variety afc N-at¥laed and g felasted ifiomsdegxyagylreingl sagass, sath aspfeuesmpiesponse,
acut e- phasggr e@@%‘gg]wmgﬁ%ﬁ ORI ESIISN-ad %#1%?&51“@3 nocyclitol" refers to

an imne analog of a sug I's a hexosa nase 1 nhibitor. The term
"inflammatory arthrepafhy hd6{ahifiaie fhes Bhl b &M EGTA AR 1hl parflBR) & tating
and pai nful diseases and isxsor_réti nses re?‘_err%‘ S’tco sﬁgn%#;}/ﬁas r%eungjt(%rc

di sease. O theowpleiebilydfadyzesclutin proijtesamento theiragspentivp arohgsacadstiéoart hriti s
(al so

structural units, e.g., GIcNAc and GA. Exemplary enzymes include exo-type beta-D-
glucosoaminidase, beta-N-acetylhexosaminidase, chitosanase, chitinase, lysozyme,

15 etc.

The term “hyaluronic acid” refers to a naturally occurring mucopolysaccharide
comprising alternating subunits of glucuronic acid and glucosamine. Hyaluronic acid
is a linear ponsacéharide (long-chain biological polymer) formed by repeating

. disaccharide units consisting of D- glu.curonic acid and N-acetyl-D-glucosamine
| 20  linked by B(1-3) and B(1-4) glycosidic linkages. Hyaluronic acid is commercially
} available in several molecular weight ranges spanning a range from about 50,000
Daltons to about 8 x 10° Daltons. Hyaluronic acid is also available as a sodium salt
and is a dried, highly-purified substance. Sodium hyaluronate may be preserved with
a variety of preservatives known in the art, including, but not limited to, alkyl-

25  substituted benzoic acid esters, alcohols, conjugates, blends, and mixtures thereof,

The term “hyaluronan”‘ refers to a polymer of repeating molecules of N-

acetylglucosamine and glucuronic acid.

The term “IL-1B* refers to interleukin-1B, an immunomodulator that mediates
a wide range of immune and inflammatory responses, including the activation of B-. .

30 ° and T-cells.



referred to as osteoarthrosis) and rheumatoid arthritis are the nost conmon.
Qther 10 recogni zed fornms of inflammatory arthropathy include ankybé)gispgm%
spondylitis, psoriatic arthritis, pseudogout, Reiter's Syndrone, or
arthritis secondary to connective tissue diseases. The term"injectable
formul ation" refers to a sterile, injectable conposition repared as a
liquid sol uWPIRB#Ssuspension. Solid forns suitable for sBFUUPBA4H, or 15
suspension in, liquid vehicles prior to injection my al so be prepared. The
preparation may al so be enulsified or the active ingredient entrapped. An
injectable fornulation may al so conprisel@ variety of preservatives known
in the art, including, but not limted to, alkyl-substituted benzoic acid
esters, alcohols, cdhgtgat'ds.6” bfendsinterlarkin-6j achulti@sctidrar eadkin?Bathe ter m
"intra-articular”,refers,to a.nethod, o livering a drug _directly to a
fornt T adi t1 RRTFOEY B AT el b il S s ot b REe | r o

i ntravenous or redpohsenadnsecplasd readishsauiealatoptiesisliepend upon vascul ar per fusi on
of the synoviumto carry the drug to the joint. This is inefficient because
transynovi al transf @hetdrmsfiminbcyclinl eefesets af i bitoSyfravbalangayi | [ aries to
the joint s ac% gener. 3l | y.qcceurs by passive 25 diffusion, which becones |ess
efficient w<h JAREBRUPHE YT of the target nolecule. Thus, the access of
di recting nol ecul es

—for example, GA  to the joint space js . substantially
restricted. Intra- ar?‘ieg?ﬂnarm 'CEI?'S’ﬁhIB?aﬂtENJ rsctf’mﬁ?ﬁ{}@rff’be“tnﬁﬁg

limtations. Thebileding'ahd posfnsicataiad B sbReties efeasd ihahplyRoRianaaus! y form
when, for exanpl.e, p hol j pi ds ar i spersed _ in ter or. an aqueous
“medi um and res({ﬁelasef :tgfsrﬂ?e Y?élogﬁggﬁﬁﬁ? 1) W@?@ﬁﬁt%éﬁf‘b%w 11 the

hydrophi l'i ¢ i ntrefeared ta04s dsfeodriiosts) Pidikhbgadloig ks aié the nst &mmétd dthe creation
of uni- and yultilapellar systens (vesicleg) .resenbling biological

menbr anes. 1%h RIS AEMF g m?‘?‘ﬁ’ﬁ‘%&%ﬁé?ﬂhéoﬁayé’ﬁ?deﬁl}t‘ﬂﬁg%ﬁ%’Of‘ & a hol | ow
spheri cal shapepsshiitie dhfitis, peduasgont, fRFers@yhlgme oriathitis Wakbondatyab ceprRpket ment
and external bulk water. Several 5 acceptable nmethods of formi ng |iposones

are known in thissegdiseass general, nultilanellar concentric bilayer vesicles
are formed with aqueQus | ayers separating lipid bilayers. This onion-like

13

‘structure is referredetFmadnfiptls fogrplpiion refersite.p gerlgy pectable composition

prepared as a liquid solution or suspension. Solid forms suitable for solution in, or
15 suspension in, liquid vehicles prior to injection may also be prepared. The
preparation may also be emulsified or the active ingredient entrapped. An injectable
formulation may also comprise a variety of preservatives known in the art, including,
but not limited to, alkyl-substituted benzoic acid esters, alcohols, conjugates, blends,

and mixtures thereof.

20 The term “intra-articular” refers to a method of delivering a drug directly to a
joint. Traditional routes of drug delivery, such as for example, oral, intravenous or
intramuscular administration, depend upon vascular perfusion of the synovium to
carry the drug to the joint. This is inefficient because transynovial transfer of small
molecules from the synovial capillaries to the joint space generally occurs by passive

25  diffusion, which becomes less efficient with increasing size of the target molecule.
Thus, the access of directing molecules, for example, GA, to the joint space is
substantially restricted. Intra-articular injection of drugs circumvents those
limitations.

The term “liposome” refers to vesicles that spontaneously form when, for

30  example, phospholipids are dispersed in water or an aqueous medium, and result from



Smal | er unilamellar vesicles (SUVs) may be produced by sonication or
extrusion of M.Vs under appropriate conditions. Liposones may be ﬁé)gﬁ‘pﬁ-%gg
with Chol for 10 added stability and may include other materials, suc
neutral |ipids, and surface nodifiers, such as positively or negati vely

char ged corrpounds Preferred |iposones are small unilanellar-Dbil ayer ed
spherical sWO®4E845 posomes can encapsul ate both i pophi F¢VES%GHES
hydrophi] lic drugs. Wen prepared by appropriate nethods, they can release
a drug for an extended duration. In addition, there is no toxicity

associ ated. 15 with phospholipids. A varllety of natural and synthetic
phosphol i pids are comrercially available for the preparation of |iposones.
Exanpl es known therhygdiophitie intermﬁhn@é@eﬂibidéldad)gtomsrwiﬂy\maeriwndltlwdeqatibubf ane not
limted to, P PS T erm crosphere
refers to a poF %Bﬁg&gg%}ﬁogeﬁ?@e&cl{% ge’t%p’ﬂnpg Olo%algﬁec%bﬁ%n Tate® acti ve

i ngredi ents of umllwxeﬂlanvlmsmmabi\l’hm sisjshes orbas baldvosphreriat stapswitalieow drug . .. .

dosage and tim etal .ored, t he ch nd, formul_atign of
various activeP 'il;ll%rg &a. &g pdrema 1rW%o ﬁﬁﬁ‘% Tghan (Pe?ﬁeén%gf% ?ﬁ?fsé%efrgrredi cation
and the kiaet amptﬁlﬁlehﬁt}ﬁaseffmﬁﬁngﬁpos&bbsa&ekﬁwmmamaabe Iaggnesdled. For

exanpl e, by var mer ratj o and c mer | ecul ar wei ght,
drugpdel [ v)e/ry Hé:lg%ﬁ?lgﬂo azgrvc?ﬁlfieﬁfrf ‘Hmeﬁll yﬂb??@? yfféé%?&”é‘%tgns may
al so increase tip@ bilafess. Slpﬁi'br@cfn-ﬁl(&dtm&urelm&lfeﬁ?ﬁﬁ@d’lis?mul-mﬁxeu&&egf:lem\/ﬂ_l\ﬁ)spher es
advant ages. sucRMELT D HEOHAY e YV e SERBF SR PEEYn o SR E i er eo. may
be prepared, eMLVs lﬁxﬂ&fagﬁﬁ)@ﬂate OB dAE dLipBiohles thay B RiHdlate@rwigXt K1 dad

accor di ng téfo) cesses nown in the art. 30 The term" qer cent. encapsul ati on

refer

of drug” added stepptyy andimgpy relyde)otiep mateRalg-ich syneneqlilpils; wgisatiient to be
encapsul ated i ﬂaoﬁﬂﬁrsf kudB s B&[tfﬂéiy&irh@%hﬂ@élyEﬁl@géd'c@ﬁ@&ffﬁstPrefegﬂedagos%EBJ 2005 WO
02/ 078445 PCT/ US02/ 09859 12 the total .amount of active i ngredi ent to be
encapsul at ed t REtSMeY vpidaelienbifayered spiicacad shefls. bipapaies Ry enqapspBtetittat i on pri or
tO encapsul ati QPy phihé &t@lﬂy@?dpﬁllhcsdrﬂgsl tWHRJn' pR&hard by ABprofife tnihBSs, they can

"phar maceut i cal accept abl e’ har macol ogi cally accept able"” refer to
formul ations t rﬁé?aS%dwatfor@P@aiﬁe@edaiﬁraaaweinsaédltlalp |tesrgjisaodexigitsassociatidonar d

reaction wign QMtipRbsphEIRAL. LOvaRieRPSTHRraR En PHRHER! prdbgholipils Ser DY @ physi ci an

or

conmumercially available for the preparation of liposomes. Examples known in the art
and described by acronyms include, but are not limited to, DSPC, DSPE, DSPE-Con,
DSPG and DPPS.

The term “microsphere” refers to a polymeric carrier used to enﬁap or

20  -encapsulate active ingredients of the invention. Microsphere-based formulations
allow dnig dosage and timing to be tailored through the choice and formulation of
various active ingredient/polymer combinations. The total dose of medication and the
kinetics of release are variables that can be adjusted. For example, by varying the
copolymer ratio and copolymer molecular weight, drug delivery parameters can be

25  optimized. Microsphere-based systems may also increase the life span of active
ingredients. The use of microspheres coniprising lactide-glycolide copolymers in
formulations offers certain advantages such as biocompatability and biodegradability.
Microspheres may be prepared, e.g., processed, machined, milled, ground, or extruded

according to processes known in the art.

30 The term “percent encapsulation of drug” refers to the ratio of (1) the amount

of active ingredient to be encapsulated in the final formulation of the liposome to (2)



veterinarian). The term"polyneric carrier"” refers to hyal uronic acid

pol yet hyl ene glycol, copolyners of polyethylene glycol and 8 SEPT 2005
pol y(l actic/glycolic acid), copolynmers of poly(ethylene glycol- ractlc
aci d-co-glycolic acid), alginate gels chitosans, or 10 pharnaceutlcally
acceptable salts thereof. The terns polyethylene glycol" and "PEG' refer to
a wat er - sol WBPE By mer  conpri si ng subunits HO ( CH2CH20) F¢F/UPE&8hy be

end- capped with al kyl groups. The term"solid-1ipid nanoparticle"” refers to
a vehicle for drug delivery. Solid-lipid nanoparticles are solid solutions
of drugs in a lipid matrix. Particle 15 di2aneters are typically below | .tun
and the particles are typically nonodi spersed. Processes for preparing

sol i d-1i pi d nathe pazltamoheis{ getveangredient hebeuseapshlaed gfanisaisedsinl theeprbeesaokl use

[ I hi_gh- h d I
exci pients. . U BLTRUEHULEREP) e?l'caipﬁaﬁﬁ%o%r“rvel%ﬁrr%%ﬁ%ggrttp‘ﬁs?i\g Bl so
stabilize chem cally a%rgs‘bﬁir% ce%gganlg,%tcengl use“p%f %]:og‘cl%l acge s Eo,partl cl es

as a controlled 20 releases stemis’esp e b y "Sui o]
application ofreéeto foenulagwmdhaedbsotpﬂmw mmvéxsacaﬂlbngm cmjoth‘ey tntowedrdrs to any
pai nful or debilitatin ondltl N that i.s. relat used by stress or
injury i ncu‘?’j P i TR é’&é‘ésé”? 05552}“?‘%31 a?/\ﬁ%’ﬁ(’pr?%f fﬁ‘g ’tl?ys Ig]ﬁ'\fé’laﬂﬁgyas a
result of inj uvdt@marii)r exanpl e sports injuries, it is generally referred
to as "secondary" osteoarthritis. Cartilage degradation as a result of
sports 25 injury ns@/hebmalogamhribyaxaief’rraﬂaﬁa@ hyalurohio Byid, polyestddlint igbRol, ot her

i ndi cations in_whj rt| earelnluddher in, such as
the result of ?ﬂpﬂb?“ef‘% fl??fygg’y%f’e éf%‘ﬂé?l‘g? @@98%%@53%‘ fﬁB&?"é‘_Frﬁ]O sust ai ned
rel ease” refer §oly(@thtynﬂe by -yA@L-RéticHeid-dodg 1ydbii€ Acid), dlzititd gels, Eiflogasasd for
avai/l abilit or otherw se becones avail able for physiol ogi cal uptake. 30
Peri ods of ’ éusf@f’rﬁé‘iﬁ’“?c@i éé%“épﬁﬁlﬁsﬂgﬂﬂﬁr@feded by an induction period, during

whi ch 28 SEPT 2005 02/ Q78445 13 PCT/ US 59 little or, no drug is
rel eased, or may belllsit 2P%lyetglﬁlﬁ’?ﬁ$1§9°hga“g%{)£§8ffif%{lt°tal"‘f‘?éer ﬁ@FF‘SHO{YB%Fi ng

whi ch some dr Ugbnhsisin@!seReme HOAMOHACIEE9,8N PHG ARy BEEndochpPed wiltgalidli ggdups.
additional drug is released. In contrast, the term"continuous release" is

used sol el y to descrhehemdsoli¢lipidsandpagiciel eeftioad a aghpaascs diug deBverpnophasi c,
hawngasrmotg Ul gdtlrre profile {
olid-lip1 nanopartlc]es are sohd solutions of drugs in a lipid matrix. Particle
15 diameters are typically below 1 pm and the particles are typically monodlspersed.

Processes for preparing solid-lipid nanoparticles may avoid the use of organic

solvents and use conventional or high-pressure homogenizers and particularly suitable

excipients.- Due to the lipid matrix, solid-lipid nanoparticles can also stabilize

chemically sensitive agents. The use of solid-lipid nanoparticles as a controlled

20  release system is especially suitable for topical application of active ingredients.

The term “‘sports injury” refers to any painful or debilitating condition that is
related to or caused by stress or injury incurred while engaged in sports. When
arthritis develops as a result of injuries, for example sports injuries, it is generally
referred to as "secondary” osteoarthritis. Cartilage degradation as a result of sports

25  injury may be caused by a traumatic injury. In addition, other indications in which
there is cartilage damage are included herein, such as the result of other injuries or

degenerative disease.

The term "sustained release” refers to the time period during which a drug is
" ‘released for availability, or otherwise becomes available for physiclogical uptake.

30  Periods of sustained release may be preceded by an induction period, during which



5 release. The skilled artisan will appreciate that the rel ease profile my
actually correspond to an exponential or logarithmc tine-rel easeZEP%@H"z%OS
The term "synovial fluid" refers to a viscous, normally straw col ore
substance found in small anmounts in joints, bursae, and tendon sheat hs.
Synovial fluid conprises hyaluronic acid, a polysaccharide having a

nol ecul ar WEPGHP8#4nhge of 10 100, 000- 10, 000, 000 Dal t ons. ’FE}TAWPP’B??%% acid is
relatively inconpressible and is able to displace significant anounts of

wat er, properties that help to make synovial fluid an excellent |ubricator
and shock absorber in joints. The term "tWerapeutically effective anount”
refers to the anbunt of a biologically active substance necessary to induce
a desired phar htieor ogiduglis eicheed] or nidy bEthéphasimentnpoging aramitiaftimaperodaccor di ng
to the effectiyveness, .of rticular.active ubst ance: .t he, age, .weight, and
response of thégrim ‘?@%ﬂﬁog?en& lsvrvéei ﬁ%Edasag(% heERy tﬁrfl%pegtlr?g%h?%‘évpﬁc Ja8Foehe

i ndi vi dual ' s symgtioreeasedc docaitrag) e tetrh Seamtimsoun celessgyas used sblelyas desetibd £al
limtation with,respe t he unt of the active substance. A

her apeut | cal | ST PERle b bt B¢ Bondhalin PaPee e dieTPLb8Re R on
can readi | y5berdekerTienkilled 2@8ishywillhpprciaicithd: 62 réleast b fidd ay ddteallyer m " TNFa"

refers to tunor necrosis factor, a.cytqki.ne inplicat in the pathogenesis
of human rheun&P5RO P AT FROGEntihyr a&ﬁ’r"&iﬁgmﬁ'ﬁ e%?ﬁ%ﬁ% The present

invention relates ta GA-apnd GL c-edi at ed. anti-inflanmato 25 activity.
nocordingl v the f o ICaRar SO T R &V e e e Rl rdmed to
d;at e[}l m ﬁict hge SWbs@hee f]?ﬁndr:]ih@mdn apoaitentjoMs, mﬁe,aeﬁntiitqn'gm hl@mﬁt %mo;nr operti eis

(6] C . rtaln of these experinents are escri pe | LD, rovi St ona
Appl i cati on sé‘flfﬁaqomaFﬁﬁée/alsr@wgﬂe{dsﬁpOﬂysaﬁhﬁ%@mwﬁ ‘ ?CU%@@T}gW&%O- s

i ncor por at @d heo@oev- /00000 8.866EL Hydlurdrse £ is F@itively. inebPnppEskible2{d Ds abWD

02/ 078445. PCT/ US02/ 09859 14 To i nvestigate whet her G cNAc suppresses the
enzymatic act i {} $i5PieAe signtisantpmeuntiiel Wteh RLperties Resspldp rﬂaﬁesmﬂab@gaaﬂ of the

correspondi ng prRUEt Mbricher £{dfsBEdk BforbdicfIMEs. On t he expression of both i NOS
protein (Western Irnnunoblot)and i NOS nRNA (Northern Blot) was anal yzed. It

was found that GlcNTREtesh MaagpaaticIlyieffedtB@ amobiite refePicettie k@burdbf Hot h 1 NOS
mMRNA. and pr ot ein. _‘FHr ther, it was found that both Gﬁ o
10logically active substance necessary to induce a desired pharmacological effect.

15  The amount can vary greatly according to the effectiveness of a particular active
substarnce; the age, weight, and response of the individual; as well as the nature and
severity of the individual's symptoms. Accordingly, there is no upper or lower critical
limitation with respect to the amount of the active substance. A therapeutically

~ effective amount to be employed in the present invention can readily be determined

20 by those skilled in the art,

;) The term “TNFa“ refers to tumor necrosis factor, a cytokine implicated in the

pathogenesis of human rheumatoid arthritis.

Formulations and Methods

The present invention relates to GA-and GlcNAc-mediated anti-inflammatory
25  activity. Accordingly, the following discussion details experiments designed to
determine the origin of chondroprotective and anti-inflammatory properties of
GlcNAc. Certain of these experiments are described in U.S. Provisional Application
Serial Number 60/280,351, filed March 29, 2001, which is incorporated herein by

reference in its entirety. .



and GLcNAc suppressed NO production triggered by I1L-10. Both GA and G eNAc
inhibit IL-1(3 and TNFa induced nitric oxide (NO production in nogg@gEphoges
articular chondrocytes. In order to analyze the sugar-specificity of the

di scovered phenonenon, the 10 effects of glucose, glucuronic acid,

N-acetyl mannosam ne, N-acetyl gal actosam ne, GLcNAc and GA on | L-]|

i nduced NOYSPSHUE#%on were conpared. Wen used at a concBt/FHRIOGH of 10 mM
only GLcNAc and N-acetyl gal act osam ne denonstrated inhibitory activity.
Several other nonosaccharides, including glucose, glucuronic acid and
N-acetyl rnannosam ne did not. inhibit IL-18 (3 and TNFa i nduced nitric oxide
15 (NO production. Furthernore, GLcNAc pol yners, including GLcNAc diners
and triners did nofoexgtigsts “ihntﬂlértﬁlt:NAy s@préswasttlye aganaitactilitylofQnduribleced NO

roduction . ac rdl e not a n. The
gbser ved supprg@ tﬁgsgf(q*(ég or?he @ eés'éod1 c%la‘epﬁpgﬁf}’c?fqih{}%pfoée%éf‘? %?F(SHO o be
associ at.ed wi-t GldNavi doi the a:rpresﬁmnnﬂlbmh @S ﬁi@tc&y(rwmlehﬁmm%)omﬂwmmd protein

20 expression. addi ti o eNAc . a re rod

| L-113-i nducedm'k?‘?fbﬁgj“%‘ﬁ‘a’ri?lﬁg‘I 35?"??@“8‘?‘?%‘8?5‘)%?”%% EIQ fi SER “é‘??ﬁ?‘gs& on in
cul tured hLmantheafcﬁt'bﬁiﬂn&ifbﬁtthNd)SCmﬁZMﬁﬁsn@f;ﬂof&H aedenMt tihs lfdun&(tl&twii GA udi ed.
Results of the e erlrrents nstrated .that, G cNAc .i nhibited the

expr essi on of JlsNGe SP@rWS%&T@[RF‘@&C‘f% tEggeredydiehtn Hahtinond Silclfe cox- 2
MRNA measured jqBihhe- NIk HeE:, iBlRkd nikdt m&gmtpr&féam il nFhgNAC did not

affect the expression of the constitutively expressed COX- | protein. In
addi tion to NOwtipdarG@Endrocy®scNAc i nhibited I L-6 production in cultured
human articul ar chondrocytes stinmulated with IL- |p. The differences were
statistically signiliosdto fpahyee @86@&&) -speTifisity pHihe disgpveNArhergapmesdbs sever al

| L-113- i nelyci g

bonstinut i 1ory B tieles gRbubitt LT b luplt b BREN B bl Rnine,
PCT/ 618022I 09839%?/%@@%@pmgnéﬁmetddéﬁoGodﬁmnmme@up’ﬂreasscmaof -
| L- 10-1 nduce X- L- r.oduct.i.on nsupansu sion of the
NF- KB acti vati Boﬁfcem%ugg 8%?61 aﬁsllyocaI?lE o%“dloﬁ'af\ﬁgﬁ%agos Cho §m8 &ﬁ? sti nmul at ed
with IL-1 a al mhéitiory acteingp aSdverahotidrintonosuocidrioesy ineBidsigighneb st gldcwai‘ub IL-1 p

and treated w Elcrlld anch acetvﬁlannosamme did not irhibit IL- 1B and TNFa induced nitric oxide

15 (NO) production. Furthermore, GleNAc polymers, including GlcNAc dimers and
trimers did not express inhibitory activity against IL-1B induced NO production

according to the assay and did not affect NO production.

The observed suppression of IL-1B-induced NO production is believed to be

associated with 1nh1b1t10n of inducible NO synthase (iNOS) mRNA and protein

20  expression. In addition, GleNAc also suppresses the production of IL-1B-induced

) COX-2 and IL-6. The effect of GIcNAc on COX-2 expression in cultured human

articular chondrocytes stimulated with IL-1p was studied. Results of the experiments
demonstrated that GleNAc inhibited the expression of COX-2 protein measured in the
Western Immunoblot and COX-2 mRNA measured in the Northern Blot. In contrast

25  to COX-2, GlcNAc did not affect the expression of the constitutively expressed COX-
1 protein. In addition to NO and COX-2, GlcNAc inhibited IL-6 production in
cultured human articular chondrocytes stimulated with IL-1p. The differences were
statistically significant (P < 0.001). Therefore, GlcNAc suppresses several IL-1f-
inducible products of inflammation, but does not inhibit constitutively expressed

30 molecules.



studi ed. "Results of the experinents denonstrated that A cNAc did not affect

| L- 10- induced nucl ear translocation of NF-icB. G cNAc-nediated iy ﬁtpt%%
of the I1L-103 response of human chondrocytes was not associated with the
decreased activation of the MAP kinases (JNK, ERK and p38) or wth
activation of the transcription factor NF-,B. 10 Intracellular signaling in
the 1L-1 p W% Y esults in activation of several protBfHURPHESSs,

i ncl udi ng the MAPKi nases (Geng et al., (1996) J. din. Invest. 98:2425:30).
GLcNAc residues participate in the dynam c process of protein O-

gl ycosyl ation, which utilizes serine resildues as anchoring sites. Therefore,
by conpeting for the sanme binding sites, Oglycosyl residues could dimnish
the efficacy 15 of Sedétrmniphwebeho GlddéAd-madiated supprasson oflLer-mdecediN®y si gnal
transducti on. dress, this. patential nechanis t fectof . d cNAC on
VP ki nase.( ERCOGREERE piads iR SeDis Fhon Tapenondr BETS ey by |L-5 (3
- was anal yzed. Reqed: tinddcati RESANE-RX ReéHonBRaL gedemnsddatied - i habndd,CNAC does . .
not inhibit ERK, INK and p38 MAP kinase activation. 20 GLcNAc did not
suppress al |l rexypeaseswith cadrgiiersinatatehdiiie Bel BHynd treate@3vithrGlcNAgweaspl e, it
did not suppress.the ; iated incr e i n hexqsam ni das retion.
Voreover . |1 wesdidRbenebeinlBRRhE: bO5ERAR bR GENRRAE B SRR T

Col I ectivel y, irdnesieutiemdtangiScation GENF- kB @¥1cEh & MWaGiated lighibitivedsthe OThipi t s

cyt oki ne-i nduced gene_., ex “ﬁ%? on and the {g)r,oduct_i on of certain

pro-i nf | anmat OFVP‘%%PQ?‘B? chondrogyles Wag ngjrasorigted Wb hqasreesedistiegor Rt - bot h
GA and G cNAC mraguPiayes (N BRE el NNQ) B wistt £dtiv&ibni off tHetBink@p86n kol | nol ar
range; however, concentrations below 1 nMwere not effective. This
concentration n"@% is simlar to that previously described for GA-induced
upr e)gul ation of TGFct production in cultured porcine nesangial cells
(KolmLittyOet al., Intracadiglar signaligp imthe [l pathwayoresults @y actisatiqneat seweral 30

inflammatory agfi.vi hi , j y reflect a

28 SEPT 2005 V\%lt B %%‘ﬁ%%.gm&’%{?ﬁ%8%@9@&%5@;1{3(%@%%%% ﬁ?? gﬂﬁbgé’?m%eﬁg?hese sugar s

and gl ucose fr 8®262A:3Q)r &lodbli rasifluss pamitipate friythe dpnangeplosesy phprgleirc@s e

transporter no . GhIR . : 3 i ochi I Vi Act a.
11.11..c231). #ﬁgégg%zlaé’%concgﬁ%%%ﬁ rgﬁgﬂ%?g%ﬁg%ﬁ J#Sgu'{;@keg@%\/ﬂi ch, can be,

.- competing for the same binding sites, O-glycosyl residues could diminish the efficacy |

15 of serine phosphorylation and, thus, interfere with signal transduction. To address
this potential mechanism, the effect of GlcNAc on MAP kinase (ERK, JNK and p38)
activation in chondrocytes induced by IL-1p was analyzed. Results of these
experiments defnonstrated that GIcNAc does not inhibit ERK, INK and p38 MAP

kinase activation.

20  GlcNACc did not suppress all responses in chondrocytes induced by IL-1B. For
example, it did not suppress the IL-1f3 mediated increase in hexosaminidase secretion.
Moreover, it was synergistic with IL-1B in the induction of TGFal. Collectively,
these findings suggest that GlcNAc selectively inhibits cytokine-induced gene

expression and the production of certain pro-inflammatory mediators.

25 Results of the experiments showed that both GA and GIcNAc measurably
inhibited NO production in the lower millimolar range; however, concentrations
below 1 mM were not effective. This concentration range is similar to that previously
described for GA-induced upregulation of TGFol production in cultured porcine
mesangial cells (Kolm-Litty et al., (1998) J. Clin. Invest. 101:160). Better anti-

30 inflammatory activity at higher concentrations of GA and GlcNAc may reflect a



reached in humans upon oral adm nistration of GA at the accepted dose of
1,500 ng a 5 day, are nmuch | ower than those used in the present p%fgggﬁ-iz@;%
Therefore, the in vitro data regarding the anti-inflammtory mechani sns 0
GlcNAc and GA activities cannot be directly applied to explain the
therapeutic efficacy of GAin patients with QOA Wen used in equinolar
concentr at i 8RE2VBIENAC denpnstrated stronger 10 i nhi bi ti%‘FF’B?Ozﬂﬁ%roducti on
than GA. Maximal inhibitory effect of GLcNAc was observed with a
concentration of 20 M concentrations lower than 1 mMmwere insufficient in
t he suppression of NO production. The 1C%) for GIcNAc was 4.1 1.3 nM the
IC50 for GAwas 14.9 2.1 nM (p < 0.01). Neither GA nor GlcNAc at dosages
up to 20 nM afcbmpt@bndetween ihabd dugtry 2adglness Gomdtubyre mddindfanedrhgabsay 15

(Park at al., 987 ncer Res. 47:.5875). . Wile.n ti,ng 1o be bound b
a particul ar t%%%‘%,gugg Sﬁgrsalslslpﬁﬁ%r nﬁé(e: uger?i(g%ﬁ(’h?%? ?‘éinﬁn?%%&?hé’?e%% i bi tion gf
the IL-1 p responddlli-@3H. Thaapdwik gbneenteanioneof thedhiabegais Wihibh £dndie. of
phosphoryl ati ognevents in the IL-1 (3.signald cascade. e he

end- products df*“ ﬁ%lnﬁlmgsa?ﬁoﬂé’rﬂég‘#ﬂﬁg@? "U[ﬂic%ﬁtctg‘f eented &ﬁPgLfig@Wﬁe, was

20 shown t 6 paay, £é patielowar thhethdynasd i the preeaspubdlicqtiont Therefrgkneaasytoat i on,

which utilizes, serine gr threpnine residues as anchoring sides (Haltiwanger
at al., (1997)2B S a‘eBPtb'Hﬁf}gFﬂm meehaAMPms .°§§%c‘°2‘337)d.(9¢6‘ftefmqsa| ly,
O- gl ycosyl at i @angh bé bigectip bpplRd teSiplHie the tERdpeiyaiBiagy ¥f GIA ihhaishasiphor yl ati on

of the sanme resjdues resulting in the inpairment of intracellular signal
transduction cades (Chou et al., (1995) Proc. 25 Natl. Acad. Sci. USA

92:4417). To addre this, possibility, the effect of G cNAc on MAP ki nase
(ERL.C, I NK and p38) (’i‘t‘is?fja‘gieﬁﬂfm HO%ﬁmFﬂﬁlevse9°%4%%§?°8&‘5%*?%W08$CTNF- KB in
chondrocytigs shhiBiibabENORYodubtidhRSAAMxYEAdahithfbey effdct ¥OGIcA cafast hese VAP
ki nases and of NF-KB are central events in the chondrocyte response to

IL-1(3 and réPSTEH Wik praqedratippef 4G aMp poncpiraionsd PR L PR ®aTeed t hat

measur abl e G GhAGR A i’ Be Sippres2B9or MO pRau TR e 103T0E HRAPAOIE, 1§ not
inhibit I1L-1(3 -induced activation of MAP kinases (ERK, |INK and p38), or the

“nucl ear trans|m¥athied@sodér GievgB14.9¢ Zsumivh(p 28,01 Neitherdgdmor Slclidye ahas t he

first to examcﬂ)gagtepgp E)fioqﬁlh a?ifect%cgf\qability as measured by a known MTT assay
15  (Park et al., (1987) Cancer Res. 47:5875).

While not wanting to be bound by a particular theory, a possible mechanism
for GlcNAc-mediated inhibition of the IL-1f response is a N-acetylglucoamine-
mediated inhibition of phosphorylation events in the IL-1p signaling cascade. One of
the end-products of the hexosamine pathway, UDP-N-acetyl-B-D-glucosamine, was

20 shown to participate in the dynamic process of protein O-glycosylation, which utilizes

)  serine or threonine residues as anchoring sides (Haltiwanger et al., (1997) Biochem.
Biophys. Res. Commun. 231:237). Potentially, O-glycosylation of the serine residues
can compete with the phosphorylation of the same residues resulting in the
impairment of intracellular signal transduction cascades (Chou et al., (1995) Proc.

25  Natl. Acad. Sci. USA 92:4417). To address this possibility, the effect of GIcNAc on
MAP kinase (ERK, JNK and p38) activation, and on nuclear translocation of NF-xB
in chondrocytes stimulated by IL-1B was analyzed. The activation of these MAP
kinases and of NF-kB are central events in the chondrocyte response to IL-1§ and

related cytokines. Results of the experiments revealed that measurable GlcNAc did




G cNAc on. human chondrocyte response toward the stinmulation with |L-1(3,
and it 5 describes a novel nmechani smof GlcNAc-nedi ated anti-infl ag@tef Yoos
activity. Results of our experinents clearly indicated that GA, and to a
greater degree, G cNAc are capable of inhibiting IL-1(i-induced NO
production in cultured human articul ar chondrocytes. The effect of sugars
on NO produ¥PiPy3#4S specific since several other nonosadc¢HAri'4e¥> i ncl udi ng
gl ucose, glucuronic acid and N-acetyl-nmannosani ne do 10 not express this
activity. Furthernore, it was denonstrated that G cNAc polyners, including
the dimer and the trimer, also do not affl@ct NO production. The observed
suppression of IL-1(3 induced NO production is the consequence of inhibition
of 1 NOS pr ot enet ighibit FERNA-iedypeeé seivetion df VAR Kinhde® (ERIO, JINKSar@38)) bt thet or y
activity, GLcNAc al so, su Aore ed_the production of IL-1 0O-induced COX-2 and
| L-6. The 15 eR "‘é‘égﬁwcgnd&-ﬁ:' 5. however, was not affected byd cNAc. One

--epbodi ment of the present [nvention provides. pethods for treati g’%Oﬁ (or
an

types of inflanmat of Y SURPHIGPRE AiFsent $pdr Ve thafiittesyamige thegflestiof

degradation, i @A hdth chindQSE 8ot drh 8R IR atiod Bn TRY fOoddiincl udes
the step of admnistering to a patient a conposition containing a

t her apeut i cl | Jeseritfes @trioye maghanam of GlcNAriedbedrrati- 2@ lapymatery@etimiiynat i on wi t h
at | east one oRP&fits BPEIrekddrinfie ; h 1o | phinbi tor,
whi ch anti-inf Fam%t oriedﬁ}gs an1i %Hﬁ&lﬁ%g%at gﬁé%@%agtﬁ ereéélFI{[M.I\IPAct

Addi ti onal enbedicambtesofathibiheg Jr ¥¥-erducddMNQ@ ptodastion myoiltwedfhoman bdtilens

suitable for intra-artigul topi cal ,,..Qr _intro-muscul ar adm ni stration.
Advant ageousl| y?hotnﬁré)c%f%rﬁn-ﬁl ea{elbtoo § %?Jésnont%(?gﬁd@%tfofl\}se?pﬁmglﬁ ARG S eer?feozﬁer

i nt r)a- arti cul amloyosa@hais, jpclepiag ghicase, giicutonihaidmdN-agtt-ahanacsam@sidol on t hat
cont/ai ns ‘active ingredients dissolved or dispersed therein need not be
i ted bal®d B TEPRAAGRONY FRIIOhnuer SISt DL A RS eRe

i nj ectabl e sol icivdfig thd dither arristhd irigier,chiss @b wbi 478t NO hr&tustian Sihe bBsentdavever ,
solid fornms suitable fo dissglution, or resuspension, in fquid prior to

.. Liqu
use can al so b&PBFEYSR 8L Hhiadped H5 preftsHoR Kiheost s aBence ALINEIDHIBAT 28 SEPT
2005 WO 02/ 078443s pleldit/ali2hRRB2 R pressidiB 1l B&iRGH tb 8 NOW@hRdbSktiwan be m xed

wi th excipients that are pharmaceutically acceptabl e and conpatible with
the active i ngfediAslseaugpiessed hswrrdyctagof Hlpl B-inayeed (@X-3 andtlre- tTher apeut i ¢

met hods desgri pedeiRh &l BoxSHI HodRb&, WXGHoPARRLS bYicfenAOr  exanpl e,

One embodiment of the present invention provides methods for treating OA
(or types of inflammatory arthropathy), sports injuries, or cartilage degradation, in a
patient in need of such treatment. The method includes the step of administering to a
patient a composition containing a therapeutically effective amount of GlcNAc alone
20  orin combination with at least one other anti-inflammatory drug or a hexoaminidase
) inhibitor, which anti-inflammatory drugs and inhibitors are known in the art.
Additional embodiments of the present invention involve formulations suitable for
intra-articular, topical, or intra-muscular administration. Advantageously, the -

formulations can be effectively administered intra-articularly.

25 The preparation of a pharmacological composition that contains active
ingredients dissolved or dispersed therein need not be limited based on formulation.
Such compositions may be prepared as injectable solutions either as liquid solutions
or suspensions. However, solid forms suitable for dissolution, or resuspension, in

liquid prior to use can also be prepared. The preparation can also be emulsified.




wat er, saline, dextrose, glycerol, ethanol or the Iike and conbi nations
thereof. In addition, if desired, the conposition can contain m ng sEEPYHLS
of auxiliary substances, such as wetting or enul sifying agents, pH buffering
agents and the |l i ke, which enhance the effectiveness of the active

i ngredi ent. gsitions of the present invention can inclu

phar maceut |V(‘§%P? *dcceptabl e salts of the conponents therI’éiTV]USOz’O%S9
Pharmaceutically acceptable salts include 10 acid addition salts (forned
with any free am no groups) that are forned with inorganic acids such as,
for exanple, hydrochloric or phosphoricl8 sulfuric acids, etc.) or such
organic acids as acetic, tartaric, mandelic and the like. Salts formed with
the free car boxyTFhega"C@M@mgmdmaecrm be migddudiOgexyipane thanregihamndzeutiteny ved from

orF ST C Do Sn e Rl BTl S O R PSR ©
}D rimet h?/l alm frethe ?}eﬁdﬁblﬂ&eﬁmmcschbeiheﬁ:cuﬁl_(le_SFmtablléQﬁﬁpﬁﬁts%\ﬂdfoTrr] Bmﬁﬂ%ed o
articularly preferre not her enbo |mant o]

t he present "reﬁfér?? lllf‘ng?ximﬁ%g{g’ﬁ‘if V%G“#B‘Pthﬁﬁé‘ﬁ“gr?op pationsdhereafi ¥ i ngr edi ent
GlcNAc. ERcapsdilié, ifaisiedd, @0 tsmpitRidh cat cdmtEdNNok BmbhMROSHIRFiaryOr Ot her

ent rappi ng agents modifies jts phar macodynam ¢ profile when intra 20

articularly P SQB?eécF“CIFEﬁW%WWIeé’ulséaﬁ’@&ﬁ%m%(ﬁﬁthuffﬁﬂgg paenisand thedikesi cul arl y
admi ni st er edwhighehimcED¥ffeaRiehlsy oHé adive If3fedicat. knee joints. In contrast,
GLcNAc formulated in Iliposonmes is retained in rat knee joints after

intra-articul ar adginpéssionabfi B8 pRe&P ifemdnlcth inth8e pikrRRdeuREly! N anot her
enbodi nent of the invention, a Ilfsosomal formul at1 on of G cNAc showed

unexpect ed afiHaERF galisrof thercompppentstbRFrinrnPharmAckyiesd Y gsseptabls saltsancligammml |

GLcNAC i igel feidwidibedajts (fP@sat 4n9 oy ktido Goupstanade Sratd withut
statistically insignificant, analgesic effects. The invention will be

further descHioBgaIogIs ScbrRerBRE@PlS. FY%OGP@F‘F@V\PI?@PII%@&W@% acifp@idver, it is

to be under St)pméhbgahmtaaas bR, L2t smaﬂ@éhc anlteQfke! QaRUEHnXAMLES 28 SEPT
2005 WD 02/ 078445 PCI/ US02/ 09859 19 'EXAMPLES Materials Normal cartilage

was obt ai ned e eabaNxl &euRs mesey| ip ghicagivcans e aso b 4RI VadriTogaimorsarig baseer ange
County and Sgg:rARtBRLRmpRY §ddbith, HotaSih | AR 2l BRY 8SESR HyERMdes,

15  and such organic bases as isopropylamine, trimethylamine, 2-aminoethanol, histidine,

procaine and the like. Particularly preferred are the salts of TFA and HCI.

Another embodiment of the present invention is an improved formulation for
the active ingredient, GIcNAc. Encapsulation or entrapment of GlcNAc in liposomes
or other entrapping agents modifies its pharmacodynamic profile when intra-

20  articularly injected. For example, aqueous solutions of intra-articularly administered

) GlcNAc move rapidly out of the rat knee joints. In contrast, GIcNAc formulated in
liposomes is retained in rat knee joints after intra-articular administration according to
the invention. In another embodiment of the invention, a liposomal formulation of
GlcNAc showed unexpected analgesic effects on bradykinin-induced pain in a

25 mammal. GlcNAc itself, without liposomal formulation, showed smali, but

statistically insignificant, analgesic effects.

The invention will be further deseribed with reference to the following
examples; however, it is to be understood that the invention is not limited to such

examples.



5 fenoral condyles and tibial pI ateaus. Al tissue sarrpl es were graded
according to a nodified Mankin scale (Mankin et al., (1971) J:. Bogesg®t Bos
Surg Am 53:23), and only cartilage w thout evidence of OA was used as a
source of chondrocytes. The interval between death and the tinme the
cartilage was harvested fromthese knee joints in the |laboratory was at

| east 24 hr'%® Q%Q:Y?énged up to 96 hrs. Cartil age shavi ngs ‘Rﬁgf‘gg%@%?farvested
by the tissue banks within 24 hrs post nortem placed in tissue culture

medi um (DVEM 10% FBS, Penicillin, Streptonycin) and shipped to the

| aboratory at 4C. This tissue was procebked in the |aboratory within 24 hrs
after harvest. GA, GLcNAc, glucose, glucuronic acid, and N-acetyl mannosam ne
were purchased from Signa (St. Loui Wacetyl gl ucoam ne dirner (N, N
15 di acetyl chitobi ose) and N acetyl gl ucoam ne triner

(N, N, N'-triacajeredld tot ri ose) were purchased from TRC (Toronto, Canada).

~Equi-pprent. and animal s used in fornulation studies - were conmercially

avai | abl e: G rcul aMNormalwartidage bas hbteipedEem autopryisenviqgeipns t{seesttanksein$mct ur i ng

I nc, Nbdel 11 chu eckman

coul ter, %é%%‘lgbl}ggge a%s%oéllgglﬁgr %Jt'cdcg&% !éalat\?/&%eo‘gasﬁ}%m & 11?3230) W st ar
rats (mal e5 ZoTe)nQrﬁthongyle&Mdibiaﬂlplat@eusr aPtll mmammbneraCEd@bnoadm@ub d#romthe

Si ngapor € Lab?{%adsﬁ)r éﬂélmale( kit a1 Jsfgn a(?nrt%C e}ﬁ X g,on ol ated from

the cartil age by coI agenase ‘di ge stl on an Intal i nuous
nonol ayer cul toulyemrtﬂzgeDNEﬂVhtmﬂeacahf@k W/ﬁseﬁeﬂmoum\uf ci®ngdscuns. (THBS) Cel |

viability after a ol la gnas ti nor mal
cartil age was “>§'3'5) E‘?"F’]een §h cpt\l;\llaiis1 27 “ﬁ?%dv dldx!éasﬁ1 %ﬂh?éoubt%st

nor h em Studi elstharhablota{dryexfaﬁ aclbst 26hra anditaAgdlupto 9@51;30 Carilaechwthgaovesppar ent
changes a fun n,of. va the ti bet death and tissue

pr ocessi ng% rvﬁ? CH? thfé’ssgﬁéﬂ&f @‘%%%?ﬁ‘z%‘ﬁﬁ%“ﬁ%ﬁ%ﬁ% 820 oxi de and
1L-6 rel easfe Wdenmﬁmm\ﬁd()‘l’/ml PBﬂﬁHhﬁSﬂi‘@mﬁﬁjﬁc&d at@steppee td the taddravdry h

primary or fir e cells te e 40, 000

el [o/wel | | neBtChattie g bR %{hs?éﬂ Br bRt ag h, the

medi um was changed r&gcl&kc g(f cose glucuromc acid, and N-acetylmannosamine were

purchased from Sigma (St. Louis, MO). N-acetylglucoamine dimer (N,N'-
15  diacetylchitobiose) and N-acetylglucoamine trimer (N,N',N"-triacetylchitotriose) were
purchased from TRC (Toronto, Canada).

Equipment and animals used in formulation studies were commercially
available: Circulating water bath (Huber), vacuum-pump (Gast manufacturing Inc,
Model DOA-P104-BN), multi-purpose scintillation counter (Beckman couiter, LCS-

20  6500), SpeedVac concentrator (Savant, Model DNA-230). Wistar rats (male, 200-250
g) used in the rat experiments were obtained from the Singapore Laboratory Animal

Center.
Methods -

Chondrocytes were isolated from the cartilage by collagenase digestion and
25  maintained in continuous monolayer cultures in DMEM containing 10% fetal bovine
serum (FBS). Cell viability after chondrocyte isolation by collagenase digestion of
norma cartilage was >95%. This level was maintained for at least 96 hrs post
mortem. Studies on IL-1 effects as a catabolic response showed no apparent changes

as a function of variations in the time between death and tissue processing when nitric




5 stinmulated wwth IL-1(3 (Sigma) at a concentration of 5 ng/m for 24 h. NO

production was detected as NO2 accumulation in the culture superng 8ep$ 2BYs5
the Giess reaction as described el sewhere (Heval et al., (1994) Methods
Enzynol . 233:250). IL-6 in the culture supernatants was nmeasured by ELI SA
(R&D Systens,. Mnneapolis, MN) in accordance with the s ier: rot ocol .
10 Wol e cewpo%(@?‘%cts were prepared from3 x 106 chondr(%/{észﬁlgfslsﬁul ated as
descri bed above by lysing the cells on the plate with ice cold lysis buffer
(10 mm TrisHA pH 7.6, 158 nM NaCl, 1 nM EDTA, 0.1% SDS, 1% Triton X-100,

| eupeptin Il1lg/m, aprotinin lg/m, and 5 nmM PMSF), which was added

i medi ately before use. The |ysates were transferred to Eppendorf tubes and
15 centri f uge@xie 2pdIlpHarlepss terepapured. fixpgrimentyieporisdnern erfmmed wathe
transferred i Qtighary &85k fattBScengand the protein concentration was determ ned
by Bradford assay.” Simlar "anounts of protein were separated by 10% SDS
PAGE and transferr eflof@odesMetd I5Ed hido@BE chiishi iy O8SIGHARGE uf Schuel |, ...
Keene, NI'1) by electroblotting.” The flit_er was BI

powder / TBS- T $oisercedh | {nBBShARer4dh, emddionas dungd, sdithe ealle wefe t he

foll ow [ LS. Ll -19 : ' h .lnc.,
sant 8 Or iz CAYTISRS i P (e o e ST o P BRpgeh o 4

(H 3, Santa Cwaiz dBectdadNO] agymulktion ip theanitire piygespimtsHMhé phespéefion 183 / Tyr

185, New Engl and Bi ol abs, |ng. eye A ti - spho-p3 .8IVAP

( phospho- Thr aé@?%%‘%l%?whﬁgxﬁgﬁbgéx&ﬁE%(%r]‘%@d,ds ?‘ﬂ?m)o‘lgg 3 22@[ I-Lp_ﬁdg 0- ERK
(phosphoThr 180ty suptnalBR, wdNeweasnnel el IBAQREISS ystefs, Midrtpodis VBT inl he

nenbr anes were vvaﬁ?heds.ﬁi nes Vl\ll th TBS-T and then further incubated with the
ap\%opri ate hEFLEFARET WHD B BRRIEEERO°5Hel ed secondary antibody in 5% mi | k
powder/ TBS,,T and devel oped using ECL s em, | sh Arl.in n Hei ghts,
IL). Tot aﬁORNA vvas%\:/hs%el al eeé&?cﬁson’?rﬁpfpf%% 8%3%%@?%%&%‘75 1“5@%% %sing the
30 STAT- 60 r eageribed divive e bhing Hiel celldavbeplate W{h icdBAd fyeis bafel(16 amyil e was

3'79 vis separldttl! B o S0 B0ANECe | FRUEPIA i plreR e, o1 e

el ect r ophor esilgupepthellgetlSapr@ing QAL iR et PRISE), WIECHRING ada&d t ransferred

onto HybondN. nylon menbranes (BRL,; Baithesbur(fzj, VD) ?’%{ capillary blotting.
immiediately before use. The lysates were transferred to Eppendorf tubes and

15  centrifuged at 20,000 g for 30 min at 4 °C. The supernatants were transferred into
fresh tubes, and the protein concentration was determined by Bradford assay. Similar
amounts of protein were separated by 10% SDS PAGE and transferred to a
nitrocellulose filter (Schleicher & Schuell, Keene, NH) by electroblotting. The filter

~ was blocked overnight int 5% milk powder/TBS-T solution and then further incubated -

20 with one of the following antibodies: anti-iNOS (C'-19, Santa Cruz Biotechnology,
Inc., Santa Cruz, CA), anti-COX-2 (Cayman Chemical, Ann Arbor, MI), anti-COX-1
(H-3, Santa Cruz Biotechnology, Inc.), anti-phospho-JNK (phosphoThr 183 /Tyr 185,
New England Biolabs, Inc., Beverly, MA), anti-phospho-p38MAP (phospho-Thr
80/Tyr 182, New England Biolabs, Inc.) or anti-phospho-ERK (phosphoThr 180/Tyr

25 182, New England Biolabs, Inc.) for 2 hrs. The membranes were washed 3 times with

—

TBS-T and then further incubated with the appropriate horseradish peroxidase labeled
secondary antibody in 5% milk powder/TBS-T and developed using ECL system
(Amersham, Arlington Heights, IL).

Total RNA was isolated from 2 x 106 chondrocytes stimulated using the
30  STAT-60 reagent (Tel-Test, Friendswood, TX). RNA for each sample was quantified

ocked- overnight in 5%mlk




Menbranes were air-dried and i ncubated for 2 hrs at 80C. Prehybridi
was 5 done for 2 hrs at 60Cin 5 x SCC, 1 nM EDTA, 0.2% SDS and 5 X8 Bt}aé'ogg
sol ution. Radio-I|abel ed probe was added and hybri di zati on was carried out
overnight at 60C. After hybridization, the filters were rinsed twice in 2 X
SSC, 0.1% SDS, washed once in 2 x SCC, 0.1 % SDS at 60C and once in 0.2 X
SCC, 0.1 %YP&4E44560C. The nenbranes were covered wi th pfEE¥§e%Wphp and
exposed with an 10 intensifying screen for 12 hr at -70C. The probes used
for the hybridization were prepared as described earlier (Geng et al.,
(1993) J. Inmmnol. 151:6692; Celler et akl, (1993) Proc. Natl. Acad, Sci.
USA 90: 3491). Nuclear protein extracts were prepared as follows: 2 x 106
chondrocyt es \pho®mesichlig)bad &g aas bapdiacdioad. 297 harae) 4% fompaRhak \cest ed by
trypsini zation, hed.once with 15 jce cald PBS |l ysed in 10 mM
Tris-HC buff &f‘e\ﬁg}%‘?‘@heﬁﬂf’ﬁ%%‘”ﬁe twe@,eg’a&g ﬂi*ﬁ%ﬁﬁédf’f‘,s g BT, 0. 05%
Tri ton- X-100, HbbndWhitMbmemb L BRI Bhitleghurl, MBYBy aagnmgt mbﬁiﬁlg. g/m . The

nucl ei were spun down, resuslfl)ended in 20 mM HEPES  Dbuffer pH 7.9, containing
25% gl ycer ol , MIBPTARIS Nigtg ir-driest apgangyated fop2 his of R CrSretybpdisationwasTT, 0.5 M

PMBF, | eupept i iode 692 s ABPCRISOL SOCN hMSEHTH, 0. P& risthabefaalk 4C for 30
m nutes. Afterrenoval of the nuclear debris by centrifugation, the protein

concent r at i on spiutipm Raflipdaheledprebeyeasaddadmad hifyridgasan wescaadedopt oreight  anpunt s
of the nucl ear, St e Bies 4 . ' e t om
tenperature vvia% ?ﬁﬁ?%@h‘%ﬁ%ﬁ%@%ﬁé ?igsegl%ng/l 1rr?]l %‘q‘@%gAé&% Sn%s;?m ), 1 x 1
Cs counts of wekds caceinZanded. ¢ HdiSh)Seah 69 Edandlonepoiadloky RGEI @b%i SIS gont ai ni ng

t he NF-xB 25 eSS et vl S| ; :
5 - GATCGAGGGG%?;'@TCCCT;%\GC- 34%)%?%&1’9’5%&}?1%?‘&%%%@%3%%F"pﬁﬁf%‘.’“éh Cont ai ni ng 10%
gl yder ol , 1820 inisifaing screersfondg hingg €70C. The prehksEmador hedymidlisHibnavete 0. 5 M
PMSF. For co i1 I a d, NF- |i |.eoti de or
ol i godeoxynug}is g%p'ta ﬁggdﬁgﬁ@iﬁﬁﬁg@?égg%f -B?b@o%z*gﬁé@sl'olssé%gg%?e%%%g&added at
100-f ol d nol af1¥3 Eax. Nerl. t4ved. Foi. IS 0df% kact i ons 10 minutes prior to the

addi ti on of radiol abel ed NFxB ol i godeoxynucl eotide. The bi nding reactions
were | oaded onto awmw@@nmamwe@@r@&ﬂa&@b@v%@mﬂ@ﬁ@my@wmsozl 09859

22 HCL pH 7. 55330 i HaycaleROrnee MM EP LAY R0 By pRRAI MG, Waa{th A5, and

15  icecold PBS and lysed in 10 mM Tris-HC1 buffer pH 7.5 containing 2 mM MgCl,,
140 mM NaCl, 0.5 mM DTT, 0.05% Triton X-100, 0.5 mM PMSF, leupeptin 1 ng/ml
and aprotinin 1 ng/ml. The nuclei were spun down, resuspended in 20 mM HEPES
buffer pH 7.9, containing 25% glycerol, 420 mM NaCl, 1.5 mM MgCl,, 0.2 mM
EDTA, 0.5 M DTT, 0.5 mM PMSF, leupeptin 1 pg/ml and aprotinin 1 pg/ml, and

20  rotated at 4°C for 30 minutes. Afterremoval of the nuclear debris by centfifugation,

| the protein concentrétion of the lysate was determined by Bradford assay. Equal

amounts of the nuclear extracts (2 pg) were incubated for 15 minutes at room
temperature with poly-(dI-dC)poly-(dI-dC) (0.1 mg/ml), BSA (1 mg/ml), 1 x 10s
counts of double-stranded radiolabeled oligodeoxynucleotide containing the NF-«xB

25  consensus DNA binding site (sequence: 5'-GATCGAGGGGACTTTCCCTAGC-3) in
20 mM HEPES buffer pH 7.9 containing 10% glycerol, 420 mM NaCl, 1.5 mM
MgCly, 0.2 mM EDTA, 0.5 mM DTT and 0.5 mM PMSF. For competition
experinients, unlabeled NF-xB oligodeoxynucleotide or oligodeoxynucleotide
containing the Oct-1 consensus sequence were added at 100-fold molar excess to the

30  binding reactions 10 mirnutes prior to the addition of radiolabeled NFxB
oligodeoxynucleotide. The binding reactions were loaded onto 6% TGE (50 mM Tris-

zation




el ectrophoresed for 2 hrs at 4C. The gels were then dried and exposed for 16
to 48 hrs with intensifying screen ab-80C Statistical analysis 0%8§E§T2005
generated data was performed with the aid of StatMst 32 program

W ndows (Dataxi om Software 5 Inc., Los Angeles, CA). The foll ow ng
phosphollplds and phosphollpld conjugates are comercial | avai | abl e.
Conmer i ci alVRaHE8*“dre given, followed by vendor and product™IHEER
together with acronymin parentheses: distearoyl L-a-phosphatidylcholine
(Sigma P6517, DSPC), distearoyl L-a 10 phosphati dyl - et hanol am ne (Si gma
P3531, DSPE), distearoyl L-a-phosphatidy?22 ethanolam ne conjugated with

nmet hoxypol yet hyl ene gl ycol (Sigma P7840, DSPE- Con), di stearoyl

L- a- phosphat i dWl pEL7.6) 380 enld gl ycHiegrmMPBHZA) n@ﬁl@@))],yadfjlpmhdéi deDyd L-

a- phosphati dyI i ne P ch rol (S 667,

Chol), N acet% 5?‘5’86658(} %’F hg‘ (%43(#3-?’3\5?%'6%@?’!\‘&?? %XP?F‘?dthP‘gﬁ@%

',;';] gl ucos amBne hri\kvﬂlCﬁﬁQﬁlsrfﬁhi chéihﬂag-lwwS&Bﬂxd&@al%ﬁy@bﬁ%h%@iﬂﬁaf&@ata%l' sham
armaci a Bi ot ec ctivity in

radi ochemnical S Uh’i"’tego‘@gl %313 gﬁ @@ Brﬁamf“eflﬁbg‘[ﬁ‘?‘%owséﬁf‘%?“ﬁf'bﬁ*%“(@ gma,

C-2432), et handlos(Avierk.cAPLC grade), NCS-1l tissue sol ubilizer (Amersham

Pharmaci a Bi otech, Code NNCS502), scintillation cocktail (Amersham

Phar maci a Bi ot ech, The€glodthgBESspPNAlipidy@Id@hopREIAS corfgRiey @tk dnfsGalBt her wi se
noted. EXAVPLE 1 PREPARATION OF G cNAC ENTRAPPED BY LI POSOMES 33 !r?tnl DSPC

and 33 snol CfSRREr COPHRTICRLISaFS BV follgwedragy@dar 398 PERAFCt WBTET di ssol ved

in 3 m of chlt@%(egfep{;vmm{,mng{ pacédtieBes: V/ V) solution in a 100-ml 25
Erl enneyer fla The organi c sol vent was evaporated under vacuum (600 nmm

Hg) .at room tdesmecryaLmesﬁahewcﬁdme {Sgha P6I7PHSPLY, a@@&og)fmm vent had been
rem:)ved vacuum%%vas contlnuedg} | east for__anot her 3L0 m n. m of GlcNAc

in 0.85% 30di PhHPPHpH-glanekiyp Eohdi RER) ‘?i“?’i‘f?ﬂ B‘Ph&%’ha‘(ﬁy] | abel ed and

5. 38 ng unl abekdoleh A6 WEdidd it inBibx aﬂyathszlb@éigly&l agﬂh @ds@OD&‘PEecul ar
ratio of 10,000 tol) was_added intq a flask -in_a 60C 28

SEPT 2005 W 0 seatt Bk pr e b 8gdr-shyccrs (sigma p9s55, DIKE), dipatortoyt
a-phosphatidyl-L-serine (Sigma P1185, DPPS), cholesterol (Sigma C8667, Chol), N-

acetylglucosamine (Sigma A8625, GIcNAc).

15 Tritiated N- glucosafn‘ine, N-acetyl-D-{1—3H] glucosamine was obtained from
Amersham Pharmacia Biotech, Code TRK376, specific activity 18.6 mCi/mg,
radiochemical purity 97.4%). Solvents and reagents, chloroform (Sigma, C-2432),
methanol (Merck, HPLC grade), NCS-II tissue solubilizer (Amersham Pharmacia
Blotech Code NNCS502), scintillation cocktail (Amersham Pharmacia Blotech Lode

20 BCS-NA) were used as received unless otherwise noted.
EXAMPLE 1

PREPARATION OF GIcNAc ENTRAPPED BY LIPOSOMES

33 pmol DSPC and 33 pumol Chol (or other compositions, see Table 1 below)
were dissolved in 3 m} of chloroform:methanol (95:5, v/v) solution in a 100-ml
25  Erlenmeyer flask. The organic solvent was evaporated under vacuum (600 mm Hg) at
room temperature. After the last visible traces of solvent had been removed, vacuum

was continued at least for another 30 min.

2 ml of GlcNAc in 0.85% sodlum chloride solution (containing a total of 10
uCi labeled and 5.38 mg unlabeled GlcNAc with a final unlabeled to labeled
30  molecular ratio of 10,000 tol) was added into a flask. The flask was left in a 60°C




(tenperatures for other conpositions are shown in Table 1) water bath for 5
mn and the dry |lipid was suspended by vigorously vortexing at 2, ﬁ@QEP?@bOS
for 1 mn. Liposones were left to anneal at the sanme tenperature for

mn. The prepared - |iposones were then pipetted into four 1.5-ml Eppendorf
tubes. Liposones were dried under vacuumin a SpeedVac concentrator at 45 C
for 4-5 hr VO8O B445f distilled water was added to the driRd’¥50y8¥ehes in
each Eppendorf tube. The Eppendorf tubes were left in a 60C (The
tenperatures for other - conpositions were shown in Table 1.) water bath for
5 mn. The |liposones were then suspendezB by vortexing at 2,500 rpmfor 1

m n. The suspension was left to stand at 10 the sane tenperature for 45

m n. The non-etemgasmkeatfﬁcbﬂﬁlebiﬁposvms hﬂaenb\&ema[raateﬁd watep buthfier 4 mpasenes and

GLcNAc encapsul at e |nI| 0S tr|fu in mn at 20,000 G

after diluti E'tf R 1“&16 @@?’K@{é"m“ Heod %?osg)gégm\f\%fsl Plpeat ed an

addi tional twaipdsbrAiBSwak et td ameaﬂat&&%aﬁalafamﬁe&me 8IS rhihe ThOprepditd apped

material. The following 15 lﬁ{) rrg’ formul ati ons were_ prepared accordi ng
ed il Bug

to this net hoé‘pos(oﬁ)esﬂefﬁtheé’rg}l’ &npvli EppRRflopidpeesn diRSSTES WEe nol ar

ratio of 555; dfiéd uiet P4chihYn ABBdedVE &ABRIafE BSBTR6r 46hed. and DSPE in a
nol ar ratio of 5:5:1; (3) a ternary mxture conprising DSPC, Chol and

DSPE- Con in a nol asg pa&ﬂd@snﬁe@wlmwwadd@d tleEéncﬁ{e)ﬂl ¥dnibs @ ERABHp&IdBY DSPC,
Chol and DSPG in a nplar ratio of 5) a ternary mxture

conpri si ng DSipeee- Ehe Fregdorbpbes W?Feéeﬂr’ﬁlaép ngiedelﬁ?er‘il}“’??s for oththe ampunt of

[3H G cNAC in c8ﬂﬁ&1tkdn@%%o®ﬁ'iﬂ@b@éi P@at%ﬂpf&%%ﬁﬂo@ﬁ'é B&%soxﬁé&ﬂ?&r@%ﬁm Was
determned by liquid scintillation counting. Brief | i posome

sol ution or sEpPERigd RyvosRanEHt ISP vrse fard ngins The sqsp%wvsaélqubfmsrazxém ( Amer sham

NCSJI1) apd Me@rhe Wrhfrahme forHisagihal acetic acid to elimnate possible
background 25 chem | um nescence. The supernatant or |iposomes were then

mxed with 4.5 n ofe néﬁén@&ﬁshia@eh'(ﬁEN&@%st@bﬁ spBERa Wdm AEBHSRA and
Radi oactivity in the |iposone pe supernatant was used for the

cal cul ation ofClghvac enrepsytataddn nhawom Pkﬁ%ﬁ'@?‘lfﬂﬁmg &ad A min pfI0E pltspar ati on. 28
SEPT 2005 WD Qﬁ&&?g&%?l 4o B@-IJN@Z&QQ%% pléRREEwds reflanA o4 BedigREARSH| at i on

ef fi cacy of GleNAc in various |iposonal
times with 1 m! 0.85%. NaCl to remove the non-entrapped material. The following

15  liposomal formulations were prepared according to this method:
(1) A binary mixture comprising DSPC and Chol in a molar ratio of 5:5;
(2) a ternary mixture comprising DSPC, Chol and DSPE in a molar ratio of 5:5:1;
(3) a ternary mixture comprising DSPC, Chol and DSPE-Con in 2 molar ratio 5:5:1;
(4) a ternary mixture comprising DSPC, Chol and DSPG in a molar ratio of 5:5:1; and
’ 20  (5) a ternary mixture comprising DSPC, Chol and DPPS in a molar ratio of 5:5:1.

The amount of ["H]GlcNAc in each liposome formulation and corresponding
supernatant was determined by liquid scintillation counting. Briefly, 10 ul liposome
solution or supernatant was dissolved in 0.5 ml tissue solubilizer (Amersham NCS-II)
and mixed with 15 pl glacial acetic acid to eliminate possible background

25  chemiluminescence. The supernatant or liposomes were then mixed with 4.5 ml of
scintillation cocktail (BCS-NA, Amersham). Radioactivity in the liposome pellet and
supernatant was used for the calculation of the encapsulation efficacy for each

liposome preparation.



ng) tenperatur

formul ations. Yield neans the anmount of the conpound incorporated, |oaded,
associ ated, bound or otherw se attached to the |iposones or their Jg §ayepsos
In general, the yield is expressed. in %of the starting anount. As shown
in Table 1, the efficacy of GLcNAc encapsul ation into |iposcnes is
consistent. The yield values in Table | are representative values of
percent enc¥PdEPEt45on (yiel d). CQther val ues (higher or | oveYYSO2H%° be

obt ai ned according to the type and anounts of |ipids enployed, wthout
departing fromthe spirit of the invention. Table | 10 L] POSOVE FORMULATI ONS
OF d cNAc DSPC/ Chol Annealing and rehydradion Yield (% tenperature 60 C
20.4 20,0 23.3 16.0 Mean SD 19.93.0 DSPC/ Chol / DSPE (5:5:1) Annealing and
rehydration Yield (I%le ltshompethatntapsuldiofeFidady of G3cMAc Bi0afiousAipoboridtan- SD 25. 2

5. 1" DSPC/ ol GEPE, Con, Apneal | ngand ceydration, el g (9, (33l :33 ml : 20
associated, b'ou;1d or othe;rwise atté.ached to—tl.n'eliposomes or their bilayers. In general,
the yield is expressed in % of the starting amount. As shown in Table 1, the efficacy
5  of GlcNAc encapsulation into liposomes is consistent. The yield values in Table 1 are
representative values of percent encapsulation (yield). Other values (higher or lower)
may be obtained according to the type and amounts of lipids employed, without

departing from the spirit of the invention.

’ Table 1
J 10 LIPOSOME FORMULATIONS OF GIcNAc
DSPC/Chol Annealing and rehydration Yield (%)
temperature
60 °C 20.4
20.0
233
16.0
Mean=SD 19.9%3.0
DSPC/Chol/DSPE (5:5:1)  Annealing and rehydration Yield (%)
temperature '
75°C 23.6
18.8
30.6
27.6
‘ Mean+SD 25.2t5.1
J DSPC/Chol/DSPE-Con  Annealing and rehydration Yield (%)
(33 pmol:33 pmol:20 mg) temperature
75°C 19.2
18.6
23.9
17.5
‘ Mean+SD  19.8%2.8
DSPC/ChoVDSPG (5:5:1)  Annealing and rehydration  Yield (%)
temperature
60°C | 28.4
| 254
21.8

Mean+SD 252433




Mean SD 19. 82. 8 DSPC/ Chol / DSPG (515: 1) Anneal ing and rehydration Yield (%
tenmperature 60 C 28.4 25.4 21.8 Mean SD 25.23.3 28 SEPT 2005 W3g SepT 2005
(121078445 25 DSPC/ Chol / DPPS (5:5:1) Annealing and rehydration tenperature
75 C PCT/ US02/ 09859 Yield (%9. 15.2..._ 19.4 23.0 33.2 Mean SD 22.7 7.7
Al'l the preparation procedures were perfornmed in a sterile fashion. The
sterility oVOBMeE#ded | i posones was checked using an agarP®Ee$209%a¢ culture
plate. 51 of |liposomes were inoculated on an agar plate and cultured at 35
C for 3 days. Another 5 Al of |iposones were inoculated onto an MBA agar
plate and cultured at roomtenperature R6r 3 days. They all showed no
grow h of any organisnms. EXAMPLE2 | N VI TRO RELEASE OF G cNAc FROM LI PCSOVES

10 100 gl G cNAg: i LN Ty posones prepared as above was  suspended
in3n of O WP@@W@@%% afk‘g‘f?ayﬁgaé‘@ﬁ?kfyi‘lfaﬂ@% tube. The Fig¥d&dhes were
i ncubated in a shaker incubator at 60 rPMREHYC37 C. At different tinme
points, the |iposones..were separated by 7egtrifugationat 20,990 rpmfor 15
mn. The released G cNAc (3H activity) in the supernatant wasigigasured by
liquid scintillation counter. 23.0
33.2
Mean+ SD  22.7+7.7

All the preparation procedures were performed in a sterile fashion. The
sterility of prepared liposomes was checked using an agar bacterial culture plate. 5 pl
) of liposomes were inoculated on an agar plate and cultured at 35 °C for 3 days.
5  Another 5 pl of liposomes were inoculated onto an MHA agar plate and cultured at

room temperature for 3 days. They all showed no grow{h of any organisms.

EXAMPLE 2

IN VITRO RELEASE OF GIcNAc FROM LIPOSOMES

10 100 pl GlcNAc-encapsulated in liposomes prepared as above was suspended
in3 ml of 0.1 M PBS (pH 7.4) in 2 50 ml centrifuge tube. The liposomes were .
incubated in a shaker incubator at 60 rpm and 37 °C. At different time points, the
liposomes were separated by centrifugation at 20,000 rpm for 15 min. The released
GlcNAc (H activity) in the supernatant was measured by liquid scintillation counter.

15  The liposome pellets were re-suspended in 3 m! of fresh PBS and incubated in the
same conditions. The percent release of [°’H]GIcNAc as a function of time f(;r various

types of liposomes is plotted in Figure 1.

Figure 1 shows a kinetic profile for the in vitro release of "H]GIcNAc
entrapped 1in different liposomal formulations in the presence of 0.1 M PBS, pH 7.4.
20  The amount of [’H]GIcNAc released from liposomes was measured in the supernatant

and calculated as the percentage of the initially entrapped compound released.

Figure 1 reveals that the rate of release of [*H]GlcNAc varies according to the
type of liposome employed. In these experiments, the liposomal formulation

employing DSPE was characterized by a rapid initial rate of release followed by a -



15 The |iposone pellets were re-suspended in 3 m of fresh PBS and i ncubated
in the sane conditions. The percent release of [3H A cNAc as a f @scsERPN2045
time for various types of liposones is plotted in Figure 1. Figure 1 shows
a kinetic profile for the in vitro release of [3H G cNAc entrapped in
different |iposomal fornulations in the presence of 0.1 MPBS, pH 7.4. 20
The anount WP 0p/BIF4S cNAC rel eased fromli posonmes was neasiiTéeorWsthe
supernat ant and cal cul ated as the percentage of the initially entrapped
conpound rel eased. Figure 1 reveals that the rate of rel ease of [3H GLcNAc
varies according to the type of |iposons enployed. In these experinents,
the liposomal fornulation enploying DSPE was characterized by a rapid
initial rate cfoweetstasfelkak laDlreltitys. oA 2HilaHEINAN iMOrb24t0g T

PCT/ US02/ 09859 26 sl te of | ease at |ater tinmes. Asimlar
formul ation i FEYPEDE tPlpﬁB’e%éllgﬁe E%Pﬁfli?d"ét“é%‘eldb’ %%Frﬁ’éttb:ﬁr%"é‘ﬁemﬁf"’%l shows

markedly di ff er@ficaltO i@ eleAb oM at&hé)sl?lh’fe'pﬁﬂqmdtMneSdsQM‘@fonh@ﬂaﬁ‘é}ﬁe of drug at

the sane point in time as the formulation [acki t he PEG conj ugat e.

Li posomes  conpiFEeie PEpeoirsife dLRoOMGHComREEIED %’%s‘{h@ 82 Flavendtlyr el ease.
The other for @léh@}ﬂa&rb?r@%@afﬁéjothé}tfm@ibﬁsta% @a%d/vﬁf%ﬂnédk@é b&@veeriPRrand DSPC.
An in vitro rel ease study was al so perforrred in human synovial fluids from
i nfl ammat ory HYHaEiRAnd OA patients. 10 Viliposones, prepared as

described herein, were mxed with 90 | human synovial fluids. They were
incubated in a 10 $RdREHTTHEREANAY Was Alsperigrmegn hamansynayial ffrdsshemt i me

poi nts, the |i;ROSeNRSWRLSts a&ﬁmg&tféﬁtsbm RAHoBEn A0 epardiOfsiMREcH8d | ne and
centrlfuged at 20,000 E for 15 he supernatant’ was added into 4 ni

liquid scinti |Nexsin. SisrecmERd Hith 93HHhWSV@V@é§E’(§S TroyNmsee grbaedtingi ty) was

measur ed hy Ilsgauedm%&ﬂamra é@&,&rp@ld%@u@t 9& dlffmﬁuﬁmp QWEBhe RSsbRLSWYET €

re- suspended in 90 human synovi al fromthe sane patients and 15
i ncubat ed undéﬁpatrﬁéd ypradingGRl ind naymg] @gnmé@pntbéue%@()émﬂfer beméent rel ease

of [ 3H G cNAery, @%u&r{aﬂﬁ?%@ﬁd@é intd mlié id é’c?r[tthHé“n &%ﬂgﬁ af tht | Hl’ E&ﬁes in the

presence of ignOVI Figure 2. Figure 2 ows a kinetic
profile for lgNAe ()H@Fléléﬁééva@me[a%ﬁd@z/dw seintifiatigp eohntérn T Hipesemat | i posomal

formulations ifahgsbbe S¥BYAGRE if dHliufnb? WrdvibRHEBH R theRihBpitteh’ and

15  incubated under the same conditions as deseribed above. The percent release of

[PH)GIcNACc as a funiction of time for various types of liposomes in the presence of

synovial fluid is plotted in Figure 2.

Figure 2 shows a kinetic profile for in vitro release of ["H]GIcNAc entrapped
in different liposomal formulations into the synovial fluid from 3 rheumaioid arthritis
20 (RA) patients. The amount of fSH]GlcNAc released from liposomes was measured in
the supernatant and calculated as the percentage of the ihitially—entrapped compound
released. In Fig. 2, each point is represented as the mean standard deviation (& SD),

n=4

Figure 3 shows a kinetic profile for in vitro release of ["H]GIcNAc entrapped
25  indifferent liposomal formulations into the synovial fluid from 3 OA patients. The
amount of [°’H]GIcNAc released from liposomes was measured in the supernatant and
calculated as the percentage of the initially-entrapped compound released. In Fig. 3,

the error bars represent a mean standard deviation (SD) for three data points.
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measured in the supernatant and cal cul ated as the percentage of tB@ sepT 2005
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| i posormal fornul at i vasoubas@dmanfoftisdn bista &) POICHRERG)GhoisPBRiE1/DEPES: 1)

prol onged the QA cNAc retentign at the rat knee jaoints after intra-articular
adnmi ni st r at i on(*5)eBeaopged the ‘%’NN‘O‘FWIFQE?EF\H*F e kege JentsnaRer infryppycular

| NTRA- ARTI CULARImiMNYAdhSTRATI ON 50 gl of GlcNAc sol ution (unlabeled 2.69. ..
mg/ M, labeled 5 CG/m, unlabeled: |abeled nolecule 10,000:1) was injected
into knee joint of six rats. These 10 rats (2 aninals/time point) were
sacrificed at 0, 30 min, and 2 hr after admnistration of a G cNAc sol ution.
Two ot her tsw EXAMPEES I njected with nornal saline as negative controls.
Al'l joints were renoved and honogeni zed with 5 m of normal saline at

16, 000 r pm f or DANPWO KHETENTTONIGHGRINAf AFTER INBBAIARTICOMARAt € was added to

500 | tissue Sgéiﬁiﬁgﬁiélgﬁfe sol ution was incubated at 50 C for 16 brs,

m xed with 15 al acetic acid and 5 m of liquid scintillation
cocktail. The [3H G ivVity wa red b i.qui cintillation
counter. Fourteen rcgaqIDIA‘\({,Q}CZ\?/%@@E}“%BK“i@%ﬁﬁ%ﬁ&%ﬁéﬂ%%ﬁﬁmé@on_ 50 gl of

| i pdsone (p{T1 emaﬁwhdal ﬁoelﬂ;ﬁdgﬁdliétﬁx&dllm,d ﬂi)ﬂzasﬁlljél;&dﬁté Rhee jEThEONAGK ﬁeanele%er ation
was 0.61 , nl a ed: |l abel ed np] ecul e_ 10, 000, s injected into
bach knee 11 s (1 BRGNS RIS VT SATORARLH & A M Aed abr 4ty AR ¢ h 80 pl
of normal sal i ofa GRNARGAMIME TeRNed hSo ratsAdreRjdted vithadoshhli saBre@i Nt) were

sacrificed at ti oints rrresponding to 1, 3, 7,
negrggv controls. Xﬁ joints F\)Ne:re: removed ang homogenized with 5 ml of normal

saline at 16,000 rpm for about 30 sec. 100 pl of the tissue homogenate-was added to
500 pl tissue solubilizer. The solution was incubated at 50 °C for 16 hrs, mixed with
15 30 ul of glacial acetic acid and 5 ml of liquid scintillation cocktail. The [*H]GIcNAc

activity was measured by a liquid scintillation counter,

Fourteen rats were used for each liposomal formulation. 50 ul of liposome
(prepared as disclosed herein, 1.13 pCi/mi, GleNAc concentration was 0.61 mg/ml,
unlabeled:labeled molecule 10,000:1) was injected into each knee joint in twelve rats.
20  Another two rats were injected with 50 pl of normal saline as negative controls.
Animals (2 rats/time point) were sacriﬁced at time points corresponding to 0, 1, 3, 7,
14, 21, and 28 days after administration of GlcNAc. The knee joints were removed
and [*H]GIcNAc activity was determined as disclosed herein. The results from this
study, depicted in Figure 4, demonstrated a profound prolongation of intra-articular

25  halflife.

Figure 4 shows a kinetic profile for the retention of GlcNAc in rat knee joints
after a single intra-articular administration of GlcNAc entrapped in a liposomal
formulation comprising DSPC/Chol = 5:5 (points and fitted line) or in a normal saline
solution (dashed line). Each point is represented as the mean + SD, n=4. The half-

30  life of the GlcNAc saline solution in rat knee joints was very rapid’ (4.1 minutes) and



14, 21, and 28 days after adm nistration of GLcNAc. The knee joints were
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results fromthis study, depicted in Figure 4, denonstrated a profound

prol ongation of intra-articular 25 half life. Figure 4 shows a kinetic
profile for the retention of G cNAc in rat knee joints after a single
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formul ati on conprising DSPC/ Chol = 5:5 (points and fitted [ine) or in a
normal saline solution (dashed line). Each point is represented as the nmean
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the line runs ¥ $6vicRst RELARRELS SRR eZh 9 . : ' of
l'ipid fornul at glg b %Eﬁlé’%Ac }fi nor at ?%QS%%%%\%@T?A%. Eé&a@@%fﬁ%ﬁplp gé'];rpu a!é{d?on,
GlcNAcnoved oufsla¥Adiheatjeintsjngs A3 hraVithopt afrmdetidnh€ldNAta mewdtontef the tay

adm ni st ered NAS LAULE. 2. S LlLe for the retention of
G cNAC in rat O(rfleé ju(l)l' ﬁﬁ% tﬁ@g?%ﬁﬂ%ﬁé&%ﬁﬁ@ﬁ%ﬂ cul ar adm ni stration
of G cNAc entrappedgin. [ 2 B Aty ARINa SPG/ Chol. \DSPE =
5:5:1. Each point fi%b% 5Brsgggs(r)\%ﬁghetgﬁ@ﬁgkO?tﬁ}gggte&%gfbfr@ é:}@‘%c. Bf{ai%“gﬁ T rel ease
curve was obseerfied single inthi-srtibilpodommstratibrooiGlcNAL entrapped wdjposmiaig t o t wo

di stinct phase .e| ease. . QG d halfzlives .of dcNAc rel ease
from this I polsnaeli St HrRACRIDRPES T8 BacnlBip bl B 3557
respectively. D¥AMPED, d=ANA GRBIsC rélPdsECTvOraGh ishited Al THERipdNIRRA- ARTI CULAR

ADM NI STRATI ON.15 The purpose. of this stu wa 0 inyestigate. t anal gesi c
effects of G ol RSP PRs TRt et Pl MhE R Rk nP R

i ntra-articul anf GlcNakaeltdse fiomi this lipdsomdl otratlaticntis rat Rants waress. § moandads by
~intna-arti IaﬁI adm ni stration of bradykinin. Adult nale Wstar rats with a
wei ght rangg f FoRTPZHY™ 0 2509 were obtained from Laboratory Animals
Centre, National University of Singapore. Bradykinin and 20 d cNAc were
obtained from Sigma. The |iposonmes were prepared as descri bed above.

EXAMPLE 4

ANALGESIC EFFECT OF GlcNAc AFTER INTRA-ARTICULAR
ADMINISTRATION

15 The purpose of this study was to investigate the analgesic effects of GlcNAc
with or without liposomal formulations, injected intra-articularly into the joint of
Wistar rats. Pain was induced by intra-articular administration of bradykinin. Adult
male Wistar rats witi; a weight range from 220g to 250g were obtained from
Laboratory Animals Centre, National University of Singapore. Bradykinin and

20  GlcNAc were obtained from Sigma. The liposomes were prepared as described

above.

50 ul of GlcNAc solution or an GlcNAc formulated liposome suspension was
" injected into a rat joint cavity. An equal volume of saline was given intra-articularly
as a control. 50 pl of bradykinin (60 ug/ml or at the indicated concentration) was
25  given intra-articularly at different time points following the administration of
GicNAc.

Changes in walking behavior caused by intra-articular injection of bradykinin

were used to define induced pain criteria in rats. The methods used to observe the



50 | of A cNAc solution or an A cNAc formul ated |iposone suspensi on was
injected into a rat joint cavity. An equal volume of saline was g2&8RPT 2005
intra-articularly as a control. 50 | of bradykinin (60 sg/m or at the

i ndi cated concentration) was 25 given intra-articularly at different tine
points follow ng the adm nistration of G cNAc. Changes in wal ki ngbehavi or
caused by iwbnaemidsi cul ar i njection of bradykinin were us@dedogoshssi ne

i nduced pain criteria in rats. The nethods used to observe the 28 SEPT 2005
WO 02/ 078445 PCT/ US02/ 09859 29 pain response are defined in Table 2. The
degree of pain was assigned a score accgyding to the criteria in Table 3.
Tabl e 2 PAIN CRI TERI A WAl ki ng behavi or G ade | ndi cation Nornal nor nal No
changes in wal ki Al I n : r | ess
Lan}lILanenes£§gﬁ%ﬁg%1orqﬁgkgﬁﬁggﬁ 0?§%¥%%%p?P%g%ﬁ%gﬁgﬁﬁ§g?$%§sient pul I'i ng
up of the in jaecerdug fodhe ¢ritevaindabledr | ess) Pul -11Pulling up of the injected
| eg, followed by | anmeness Three | egsThr-1Transient (for five seconds or

| ess) wal king on three | egs, followed by |ameness Thr-11Wal ki ng on three

|l egs for nore than five sec, followed by | ameness Table 3 10 BEHAVI OR
GRADI NG CRI TEFIaNeROR EVALUATI NG PAI N REACTI ON Grade of Pain Wl ki ng

behavi or Eval uati on score NoneNornal wal ki ng0
5  PAIN CRITERIA

Walking behavior  Grade Indication
Normal normal No changes in walking
\ Lameness - Lam-I Lameness alone for 20 seconds or less
Lam-IT Lameness alone for more than 20 sec
Pulling Pul-1 Only transient pulling up of the
' injected leg (five sec or less)
Pul-Il ‘ Pulling up of the injected leg, followed
by lameness
Three legs Thr-1 , Transient (for five seconds or less)
walking on three legs, followed by
lameness
Thr-1I Walking on three legs for more than
: five sec, followed by lameness

Table 3 ,
10 BEHAVIOR GRADING CRITERIA FOR EVALUATING PAIN REACTION
Grade of Pain Walking behavior Evaluation score
None Normal walking 0
Slight Lam-I 1
Mild Lam-II or Pul-I 2
Moderate Pul-1I or Thr-I 3
Severe Thr-1I 4

Figure 6 shows a dose response of bradykinin in rats after intra-articular
administration as described herein. Higher pain scores correlate with the amount of

15 - injected Bradykinin.

Figure 7 shows analgesic effects of GIcNAc either in saline or entrapped in a
liposomal formulation. GlcNAc was liposomally formulated with a lipid composition
of DSPC/Chol/DSPE (5:5:1). Liposomal formulation of GlcNAc showed lower pain



SlightLam 11 MIldLam Il or Pul-12 MderatePul-I1 or Thr-13 SevereThr-114
Figure 6 shows a dose response of bradykinin in rats after intra-3286SECH2005
adm ni stration as described herein. Hi gher pain scores correlate with the
anount of 15 injected Bradykinin. Figure 7 shows anal gesic effects of
GlcNAc either in saline or entrapped in a |iposomal fornulation. G cNAc was
| i posomal | ywooreigkat ed with a |ipid conposition of : DSPC/RSHGISOBSPE (5:5:1).
Li posomal fornulation of A cNAc showed | ower pain 28 SEPT 2005 WD 02/ 078445
PCT/ US02/ 09859 30 scores denobnstrating anal gesic effects on

bradyki ni n-i nduced pain in Wstar rats. 3@ cNAc itself w thout formnulation
showed smal |, but statistically insignificantly, analgesic effects. Various

nodi fi cati ons angksabiehstlifNamaiksit BgectsrdpidyRRintinthcebpga e VARR3EENt to 5
those skilled in_the art wthout departing ?Iromthe spirit and scope of the

i nvention, whi €kNAS ‘&félffl“ﬁ@ﬂmtf?/mﬂlf’éméé}%‘f?ﬂﬁﬁ‘?p iyt Wtaﬁ“ﬁ%lyl%gmfé%&% it
shoul d be not eg iagt efredtgps recited in any nethod clains below do not
necessarily need to be performed in the order that they are recited. Those

of ordinary skill ivarldue nRilficWidnk afCARBRbASS AR RkibA RS b&oﬂ@aﬁﬁréﬂtw the
steps fromthe order in which they are recited. For 10 exanple, in certain

enbodi ment s> sthegrsskitieg l%@eﬁérwlﬁpmp@%ﬁf@faﬁ@éﬂmtﬁnd SeRES oftBe BMPEIRY ng cl ai s
shoul d be consatvmeﬁﬁ@&f%at{y&lbgéﬁmaﬁﬂm i@, Fét hfifle, i2&oRfaDE ndfAma1 Ve

claim 1. An injectable fornulation conprising an entrapped active
i ngredi ent i n¥frsdraigd amanyrnetbeddaims Selpw dp aat iepesmrdy nesgdakt pesforgEdigosani ne

derivatives, galagl aapPee (ALACHRSAH NBSLINA bR wifl¥akldiol s, cyel itol

derivatives for intra- ar treatment sease or condition in
ani mal s or huneanstiond inperforaing Gofteps franhihe ordseinanhiplothsyigraredited.nlbar conj ugat ed

to t he for gyl a&ﬂaﬂ{bléj% J:e\ﬁ%fnyen}ﬁ%ﬁfrrﬁhg steps may be performed simultaneously. The

accompanying claims should be constructed with these principles in mind.



2. The formul ation according to claiml wherein said disease or condition

is selected fromarthritis, cartilage injury, or cartilage degradajd §8pT 3005
The formul ation according to claim1 wherein said active ingredient 1s an

am nosugar sel ected from N-acetyl gl ucodami ne, gl ucosami ne, gal act osami ne, N-
acetyl gal act osam ne or imnocyclitol and pharnmaceutically acceptable salts
thereof. 4. The formulation according to claim| wherein said active

i ngr edi entyd slaingnt r apped by |iposones. 5. The fornul ati on according to claim
| wherein said active ingredient is entrapped by m crospheres. 6. The
formul ati gn accqrdi cleal . .n.sai d.acti Ik n i B
entrappedqby o) |d-nﬂ|g%|£l engﬁ%ﬂ%ﬁoﬁgﬁé@pﬁs@g_ﬁg %%#ﬁfgt ?‘%ﬁgaglg%sg?rgg to
claim1 finchikig canpmisdsugaoeleoted Mot  ghadogaminer glacashine sletiesttvesl from t he
group consi sting .of hyaluronic acid, polyethylene glycol, copolyners of

pol yet hy| &rlactgsamiae, g#lactpsanyne ékeﬁve%qsyemhte%aem)ts)lgéewtvﬁ@r I ipfa-

pol y(et hy I AV . I o= co- gl | 4G RAGnd) with! gel s,
chitins, gﬁgﬁlagﬁ%é%%{seg%g? dilé%%éeblfctc)(?{r?lu e{l'f I:Plo%l%lg%odrrg} ng ? ,Owg élﬂénp 1E1})f\"[;\sglherei n

t he f or nulklet theramiso suak it conjgatddieo the fonmuddtionndebiVerglvehiele?2 wher ei n
arthritis is osteoarthritis or rheumatoid arthritis. 28 SEPT 2005 32 10. An
i njectable fornmul ati on conprising an am nosugar entrapped by hposones,
wherein said |i I~SE1 : Dl di st ear oyl
e phosghat | dyT S RaT AL ePRIADE AfinlP etk I e

di st ear oylis deleated froms pittilatitis gartidetgh amjotya or ceztilagafegyadationwi t h

nmet hoxypol yet hyl ene gl ycol, distearoyl L-a-phosphatidyl-DL-glycerol, and

di pal mtoyl L-aphosphatidyl-L-serine. 11. The fornulation according to claim
10 wherei f sai ¢haRbRARMIH adodrdifd RFEBAN 1f WA BGE LY MERIRME iean

gl ucosam ne, gal act osam ne, N-acetyl gal actosam ne or imnocyclitol and

phar maceugingmishgar ssstestedafibm Nadcetylgiheosamine, ghicoFdmeing.ogatadtasanune,a¥eor di ng t o

1 10 M08l 8yt BOFRISS B G BBRLL R0 BLATH LTELLSE o, nave

wherein said hyaluronic acid has an average nolecul ar wei ght of about 400

to about 10,000,000 Daltons. ) ) o
The formulation according to claim I wherein said active ingredient is

entrapped by liposomes.

5. The formulation according to claim 1 wherein said active ingredient is

entrapped by microspheres.

6. The formulation according to claim 1 wherein said active ingredient is

entrapped by solid-lipid nanoparticles.

7. The formulation according to claim 1 further comprising one or more
polymeric carriers selected from the group consisting of hyaluronic acid, polyethylene
glycol, copolymers of polyethylene glycol and poly(lacticlglycolic acid), copolymers
of poly(ethylene glycol-y-(DL-lactic acid-co-glycolic acid), alginate gels, chitins, and

chitosans.
8. The formulation according to claim 1, wherein the formulation is analgesic.
0. The formulation of claim 2 wherein arthritis is osteoarthritis or rheumatoid

arthritis.



14. An injectable fornulation for intra-articular treatnment of arthritis
conprising an am nosugar entrapped by m crospheres, wherein said 28 SEPT 2005
m crospheres conprise poly(lactic aci S gl ycolic acid) copol yners and
pharmaceutically acceptable salts the dof 15. The use of a ther apeutically
effective anount of an am nosugar for the preparation of a controlled

rel ease nedi canent for the treatnent of a disease or condition in a nmamal
wherein said disease or condition is selected fromarthritis, «cartilage
injury, or_cartjlage radati on. 16. The use according tq claim15 further
conpri si nglGi | bt agfﬁqéﬁgé?rmulatwn CEMPIIFEE HLABIFHET EBITENRSHAVIPORPER S n ¢ ho
medi canent ;i 0 I J Q115 I ey accordi ng
to claim 1Vgh€\rﬁ%1r Eeﬁ I@EMSSF%%%@%[ 81?45 Oﬁﬁlﬁqatrﬁel%%%%%gt?d afil(ﬁ%hdgtr@r%rgzlu%?acal |y
accept abl ephpsphatidykholind, otdissegrodr Ipatphbspl28dBEfTandidiing3 diSteardylisk-aaccor di ng

toclaim1l er el aid arthritis is osteoarthritis or rheu oi d

arthriti s.%ﬁﬁ@ﬂ?}z‘@ REE drFgreRtsdc VR ! ow:l}@ltl}ylggi ge ng%f'ﬁafcé'&l rel ease
medi cament [ _aGsHEBpHa5R$1-BE -dIf@8d1, é}félediﬁihnlitb?m@fﬁ%sphmi@ﬁ%%lﬁ{e.e& or
solid-lipid nanoparticles.” 21. The use of a therapeutically effective anmount
of an am nosugar for the preparation of a |liposomal nedicanent for the
treat nent glf art rtis. in a maEmaIt. ﬁ%Z. T(gehuse accor di ng t 0. cI@i m, 20,

wher ei n t hll i phoRTPUIAYGR ASHUAIMES fiins Kb Whish sd appnosaedsi 1§ Seloeed ot ed £ rom
the group gemsNSdckiyllRlossthineeanRydantind - gabitessimaid, dY-hedipbhlagosaHiné dar oy

L- a- phosphati dyl - ef hanol am ne, distearoyl L-a- phosphat i’ dyl - et hanol ani ne
conj ugat ediminedychiol hakplrompeautighlnacceptellosaltsthereefar oy |

L- a- phosphat i dyl - DL- gl ycerol, and di pal mtoyl L-a-phosphatidyl-L-serine. 23.
The use according to claim 20, wherein said |iposomal nedi canment provides

pai n relief2.24. THhforiagRitioh adedriingad i A8l wivereihf i lipoRome® bt urifamellar
N-acetyl gl ucosam ne for the preparation of a |liposomal nedicanent for the

i nt ra- art i euneliilanglies endhaveraaayaraae digmetes of hoQ amPrigieatermanmal  wher ei n sai d

| i posonmes conprise di stearoyl L-a- phosphatidyl choline, distearoyl

L- a- phosphati dyl - et hanol am ne, di stearoyl L-a- phosphati dyl - et hanol am ne
conj ugat ed13m t hTiefdraxiapioh \oftclwiineT) evighrsifi @hid ldiakirédic @Qyid has an average

molecular weight of about 400 to about 10,000,000 Daltons.

14.  An injectable formulation for intra-articular treatment of arthritis comprising
an aminosugar entrapped by microspheres, wherein said microspheres comprise
poly(lactic acid-glycolic acid) copolymers and pharmaceutically acceptable salts
thereof.

15.  The use of a therapeutically effective amount of an aminosugar for the
preparation of a controlled release medicament for the treatment of a disease or
condition in a mammal wherein said disease or condition is selected from arthritis,

cartilage injury, or cartilage degradation.

16.  The use according to claim 15 further comprising alleviating pain.

17.  The use according to claim 15 wherein the medicament is formulated for

topical administration.

18.  The use according to claim 15 wherein the medicament is in the form of a

pharmaceutically acceptable gel, cream, lotion, or patch.



L- a- phosphat i dyl - DL- gl ycerol, or dipal mtoyl L-a-phosphatidyl-L-serine or
any conbination thereof. 25. A nethod of treating a di sease or coR8SEPTIR006
a non-human nmanmal , said nmethod conprg ing adm nistering a therapeutically
effective anount of an ami nosugar as a controlled release formulation. 26.
The net hod according to claim24, wherein said disease or condition is
selected fromarthritis, cartilage injury, or cartilage degradation. 27. The
met hod acdér di iy use edcmrdim@4tof glaithed 5 cohpreinsisaid atthrétis as | esgeoaethritis 28 SEPT
2005 34 28, Th rare B"‘P of claim24 wherein the fornulation is topically

adni ni st errgfé}mil PHEMEr m of a pharmaceutical |y acceptable gel, cream

| otion, or patch. 29. A nethod according to claim?25 wherein said arthritis
is osteoarthritis or rheumatoid arthritis. 30. The nmethod according to

cl ai m 24 Wer eiThegwt dcavsding &9 Fleum rl & [véwsein sod mnmliedrrele@mpcdlg@rgerat | east one

of |iposo .mcr I €S.,..0r solid- i d nanoparnti 1, A nethod of
Creat | ng. SPTRFNS & TR SHeririoReame SR reDr g e AERPATEEr | ng o
therapeutically effective anmount of an am nosugar as a |i posonal

formul ation. 32. The nethod of claim 30, wherein the |iposomal fornulation
conpri ses 2dne dme uigref ¢ |tlpﬁraseu§ealb/c@fé@twe @mqunta ofyap LamipesieRE fomiicof

EI Zt Sﬁ(r)%lﬁ’a%pagaﬂgﬁ g? Eaﬁg%og}r%lﬁlgodl%% égo(r%(g trélgllf)thoofg[r)tﬁn%ls Hlyzf %nol am ne

conjugated w th nmet hoxypol yet hyl ene gl ycoI di st ear oyI
L- a- phosphatl dﬁ}héDL gl ycerol, and dipalmtoyl L-a- p osphatidyl -L-serine. 33.

The net hod2accdh@iusg amrélpautwbgn Z\Qh‘é’h@ieﬁl t@au igosam At RMBEIES N
provi des RALNf Elhbef -y ?f? 1ML BnPT b ”%oﬁ‘{l%tﬁigr tdeS g s'&: yiOf g Uman
mammal conpri sing I nj Ing Intra-ar apeU|c Iyefectlve

amount of plﬁeqﬂﬁﬁ&jrlqidlmes adistegrogs B- a-;bhopplsamyl ethﬁx’idhthﬁ]‘e] odisteatost eLm-sai d
| i posones conpri.se distearoyl L-a- (Ehos phati dyl chol i ne, di stearoyl

L- a- phos pPApsRpatid ﬂt%ﬁ‘ﬁla&ﬁpﬁ sonjygaed avithy methoxypelyeibyrng eligol disterdiani ne
conj ugat e p . M-s
L- a- phospﬁ“axmlpggﬁpﬂﬁag)%% ryg%h%bggl pg+¥&>?l%y gt%ﬁ%‘ﬁ‘%éhau 8’y| -L-serine or
any conbination thereof.

23.  The use according to claim 20, wherein said liposomal medicament provides

pain relief.

24.  The use of a therapeutically effective amount of N-acetylglucosamine for the
preparation of a liposomal medicament for the intra-articular injection treatment of
arthritis in a mammal wherein said liposomes comprise distearoyl L-a-
phosphatidylcholine, distearoyl L-a-phosphatidyl-ethanolamine, distearoyl L-a-
phosphatidyl-ethanolamine conjugated with methoxypolyethylene glycol, distearoyl
L-a-phosphatidyl-DL-glycerol, or dipalmitoyl L-a-phosphatidyl-L-serine or any

combination thereof.
25. A method of treating a disease or condition in a non-human mammal, said
method comprising administering a therapeutically effective amount of an aminosugar

as a controlled release formulation.

26.  The method according to claim 24, wherein said disease or condition is

selected from arthritis, cartilage injury, or cartilage degradation.

27.  The method according to claim 24 further comprising alleviating pain.
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28.  The method of claim 24 wherein the formulation is topically administered in

the form of a pharmaceutically acceptable gel, cream, lotion, or patch.

29. A method according to claim 25 wherein said arthritis is osteoarthritis or

rheumatoid arthritis.

30.  The method according to claim 24 wherein said controlled release formulation

comprises at least one of liposomes, microspheres, or solid-lipid nanoparticles.

31. A method of treating arthritis in a non-human mammal comprising
administering a therapeutically effective amount of an aminosugar as a liposomal

formulation.

32.  The method of claim 30, wherein the liposomal formulation comprises one or
more lipids selected from the group consisting of distearoyl L-a-phosphatidylcholine,
distearoyl L-a-phosphatidyl-ethanolamine, distearoyl L-a-phosphatidyl-ethanolamine
conjugated with methoxypolyethylene glycol, distearoyl L-a-phosphatidyl-DLglycerol,
and dipalmitoyl L-a-phosphatidyl-L-serine.

33. The method according to claim 30, wherein said liposomal formulation

provides pain relief.

34. A method of treating arthritis in a non-human mammal comprising injecting
intra-articularly a therapeutically effective amount of N-acetylglucosamine as a
liposomal formulation, wherein said liposomes comprise distearoyl L-a-
phosphatidylcholine, distearoyl L-a-phosphatidyl-ethanolamine, distearoyl L-a-
phosphatidyl-ethanolamine conjugated with methoxypolyethylene glycol, distearoyl
L-a-phosphatidyl-DL-glycerol, or dipalmitoyl L-a-phosphatidyl-L-serine or any

combination thereof.



