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generally occurs late in a patient’s life, and most commonly affects the hands
and larger weight-bearing joints. Additionally, age, gender (females), and
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Researchers have found that in degenerating cartilage, pro-inflammatory
cytokines, such as IL-1B and TNFa, are associated with an increased
degradation of cartilage matrix (Sandy et al., Biochem. J., 335:59-66 (1998);
Séguin et al., J. Cell Physiol., 197:356-369 (2003)). These events are also

30  correlated with the reduction in the cartilage matrix gene expression and
syntheses in vitro (Gouze et al., FEBS Letters, 510:166-170 (2002); Shikhman et
al., J. Immunol., 166:5155-5160 (2001)).

The amino monosaccharide glucosamine, naturally occurring in cartilage

and connective tissues, contributes to maintaining strength, flexibility, and

35  elasticity of these tissues. Glucosamine is a precursor to a glycosaminglycan
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drugs, but as nutraceutical/dietary supplements under United States Food and
Drug Administration’s Dietary Supplement Health and Education Act of 1994

25 (DSHEA). Oral dosage formulations of N-acetyl-D-glucosamine and its parent
compound glucosamine in salt form (sulfate, hydrochloride etc.) are
commercially available nutraceuticals, and are commonly administered in
conjunction with chondroitin sulfate, also a readily available nutraceutical.
Glucosamine and chondroitin have been reported effective in the oral treatment

30  of osteoarthritis but have not undergone the rigorous studies needed for FDA
approval as pharmaceuticals. (Theodasakis et al., The Arthritis Cure, 1* Edition,
St. Martin’s Press. New York, NY. 1997; McAlindon et al., JAMA, 283:469-
1475 (2000)). The National Institutes of Health (Bethesda, MD, USA) has an
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administration to a patient. Once converted, the prodrug provides the active
25  pharmaceutical agent and the nonactive compound that is typically inert after
conversion.

The prodrug concept was initially articulated by Albert (Nature,
182(4633):421-423 (1958)). The original objectives of prodrug synthesis and
development were to improve drug stability and to target drug delivery for drugs

30  administered orally and intravenously. Stability is significant to drug activity,
and for water and enzyme labile drugs, stability is typically achieved by
protecting the drug from chemical hydrolysis and enzyme degradation
subsequent to drug administration. Targeted delivery for prodrugs is based on

enhancing drug solubility and permeability, and is particularly useful in drug
3



devel opnent were to inprove drug stability and to
target drug delivery for drugs admnistered orally and

WO ndosav@seously. Stability is significant to drBgI/US2005/011739
activity, and for water and enzyne |abile drugs,
stability is typically achieved by protecting the drug
fr g@mnﬁmﬂioalassbyﬂre«il wish Bpidnokenetrapessn oedpr deipgnetate the very
subsequent to u dmi ni stration. Targeted deliver
foPy‘EfPB]&?m@éloiog%Bag%EWﬁ enhanci ng dr ug solubility )a/md

per meabiphi tyost AEmbS (RA b (FHA@E Wilideeinster inkage formed
drugadm ni stration associated wth |ipid nenbranes in

or dprthetizahe tetught mattive ofaropripxaio prid byith a1 dephobpiplignol to

barrier. The nmost ,common form.of. pr MEd

5 ooty e B CYRCRLTLGTY ThedHu oslierinths,
a  GR AN oF tlﬂacéﬂeﬂ/h/id‘iﬁg, #i ates phairumap possels dthemmidadtyges,
the parent drug's in vivo netabolic fate. In additi

t o sudhf asaedusgd side eRfeetabEPT SyAMAC EIEIGAPERE RAYRY, reglyed If the
t .
?Z &géségrrogﬁf glgtle—ﬁlégﬁtgas[&%gcﬁ’u gh‘@@,& 80439 Tared HER gﬁﬁiru g, as

Ide Xanpl € gastric distress may
be copguea dviitf the NS ATOnsinginisietkal alamd. i Pasithleammteriyticr ug

(NSAID) were fornulated as a prodrug, as conpared wth
10t hasyesiatad widhPindsisstsage Hichide. fgpﬁ%ﬁ‘?ﬁ%éﬁﬁﬂﬁ‘ﬁs g)?? Ccs

as %8%&1&&%&&"1&1?%2{ lg iﬂgiﬂér‘taef}ﬁvi.t? E&rﬁg}ﬁecll {Pthe PXRAPARE, lower

the presence o e coval ent” est I nkage, |ess

i NteoRicisy, andbtttarirtlygasedanaicedt the birdingritedn ensireigffedtiyadrug
toxicity, and better release kinetics at the binding

si 8Vel% ensure effective drug levels. "Mitual

pr odr ugsyf,ch AREERER 1 RBrReigl AbdrRAoR bf pRIdALH, Ugh bean
be descrllv{)ued g)g thge)St cogjlr u%at igon of ?vvo dIr)u s havi ng

15di fdesmibed apHerovapghiogi efawoabrngahaviresdiffereat phaimagrlogical

arises fr the practice of clinically . ol
o B P s A RS ey iy spsgominisering
phay, sQf oSk tREiHaMEd Phaviadil@MedltacGlitnicmtvesit dinical side
effects (US Patent No. 4,278,679). Mtual prodrugs ar
sy effeeisi(BEPatanhlod 37 pea? ha¥buaprediues Biesyibguzet toward a
I NProVi ng, eac rug' s ' ey s i \LeJ:
and PO Y e s R sacPBlg sl Shlltite

20C ONRURNEN! arl logefibif eixi@niss. as the "pro" portion with
respect to the other. Like a prodrug,. a nutual

i s convdptadButupkRIOYNE %h‘ﬁ%‘i’?@ﬂ‘l‘e“&éﬂ ungiang &8s Weltq {R(F)%d'rp%%ion
05 P AT ] PR o
ex apipenemactivediugnwétin the body through enzymatic and/or non-
enzymatic reactions. Mutual prodrugs can be classified as, for example, carrier-
25 linked prodrugs, bio-precursor prodrugs, or chemical activation prodrugs,
depending upon their constituents and composition (Albert, Nature,
182(4633):421-423 (1958); Rao, H Surya Prakash (available on the internet at
ias.ac.in/resonance/Feb2003/pdf/Feb2003p19-27.pdf), Capping Drugs:
Development of Prodrugs.k February, 2003). At the site of action, the side
30 effects of the original drug would be masked allowing the drug to work more
effectively (Albert, Nature, 182(4633):421-423 (1958)). Mutual prodrugs are
typically similar to single active agent prodrugs in regard to pharmaceutical and

pharmacological activities, such as absorption, disposition, metabolism, and

excretion. The objective of a mutual prodrug is for both active drugs reaching
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Org. Chem., 62:9083-9088 (1997)). Researchers such as Bhosale and co-workers
have made attempts to produce mutual prodrugs of ibuprofen/paracetamol and
ibuprofen/salicylaminde. The goal of this work was to produce prodrugs of
NSAIDS to reduce the associated side effects (Bhosale et al., Indian J. Pharm.
30 Sci., 66(2):158-163 (2003)). Their approach was unique from the perspective of
producing mutual prodrugs vis-a-vis physicochemical modifications towards
simplistic NSAID delivery, much like sulphasalazine, currently used more so as

a ulcerative colitis therapeutic consisting of sulphapyridine and 5-aminosaicylic

acid covalently bound via an azo bond (Klotz et al., Adv. Drug Deliv. Rev.,
5
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covalent linkage.
The linkage between the first and second component is a cleavable

linkage. For example, the linkage may be hydrolyzable and/or may be

25  enzymatically cleavable. Preferably, the linkage is cleavable under
physiological conditions, such as those present in a mammalian body,
particularly a human body. When a linker L is used, the linkage between the
first component and L is cleavable, and/or the linkage between L and the second
component, X, is cleavable.

30 In addition to facilitating delivery of the active components, the linking

of the components may impart a protective effect on the mutual prodrug, thereby

7



physi ol ogi cal conditions, such as those present in a
manmal i an body, particularly a human body. Wen a

WO 2ovsancoke i s used, the |inkage between the firBtT/US2005/011739
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30

conponent and L is cleavable, and/or the |inkage
between L and the second conponent, X, is cleavable.
| nregidding iod pretventirecidwangdd degradietion,exsyalbf byt stemadt aojds, and/or

conponents, .the |inking of the components i mpart

or DHBEHFYE OE?IB@& r Bt R e b EaPrT Doty 2ge of the Ut préiug
thel ey $HRGHEcPe dFeBY ARSriaDb i heanies plediacaly ten,
usual Iy by stomach acids, and/or side effects of

ei particulerly idosirabtsf if e N Sd¥lXjs ong pf e drugscinedew gé thersidegdfects

mutual prodrug . .in vivo. Thi r ot | ve ef :

R e S S R
degkKiBi laguddusAipidNSAER ity prefiles Giffetdne titinulysse of Baoh drwg of
the side effects common to these drugs., The nutua

pr bulivigealbs which preButher tifve HPPY@HC‘%'%S i osmplafippapd/or

aq L} R lubility profiles different than those
ofagg%%§8#§5 |ﬁ§ividually, which may further aid in

i mpr ovemestisventiod Arrthet pioivales apAmnacetidal esrgpasitiarhibat

drugs. The invention further grovide% gyfhar ceuti cal
compsdades psAmpRARd having exuke I JnpBt ARPRGTICALCK BF MiieaieD. @
. -?ER ' : ' ' {108 1S
prgg?ggﬁu a39§ﬂ§ u%%gn%ﬁge%%%ggﬁﬁgﬁﬁg%}ng fgﬁnula L,
as ddesibed bisaleabolephamdcartiphily amepable catrley. dbe egrmpdsiiteon 1s

carrier. The co sition is.preferably fornmul ated for
to@FgQPbQHgPPEﬁgﬁgﬂﬂopﬁaﬁﬂﬁw °Maspect, the present

i nvent i gp /RSN ABSt and PREEAGAISR broviE aPhbiitetiial

i ncludes a therapeutically effective amount of a

c onpmpnsititvathahipciudesra therdpeutiggiyredienti Riamgymt oRg coppound
and R5 are each independently H or an organic group;
angagnéﬁgpﬂﬁ%ggtically acceptabl e carrier; wherein the
conposition is fornulated for topical application. In
a preferred enbodi nen Rl, R2, R3 and R4 are each H
and R5 is an acetyl groyp. The conpound of fornula I
is preferably gl ucosam a derivative or anal og of
gl ucosam ne. Wi | gl owd derivatlives ther eof
are typically delivered\orafly, as, for exanple,
nutraceuticals, and, ue s comopl y, delivered

subcut aneously, the ®&sent NHRenti on advant ageously
provi des for the topical delivery of glucosan ne and

wherein Rl, Rz, R3, R4, and R’ are each independently H or an organic group;
and a pharmaceutically acceptable carrier; wherein the composition is
formulated for topical application. In a preferred embodiment, R!, R%, R®and R*
are each H and R’ is an acetyl group. The compound of formula II is preferably
glucosamine or a derivative or analog of glucosamine. While glucosamine and
derivatives thereof are typically delivered orally, as, for example, nufraceuticals,
and, less commonly, delivered subcutaneously, the present invention
advantageously provides for the topical delivery of glucosamine and
glucosamine derivatives, or their acetylated analogs.

Optionally, topical and/or transdermal application of a glucosamine, or a
derivative or analog thereof, can be accompanied by co-administration of an

anti-inflammatory agent, such as an NSAID. When administered together, the
3



gl ucosam ne derivatives, or their acetyl ated anal ogs.

Optionally, topical and/or transdermal application of
wa@kac@san ne, or a derivative or anal og therpof/USasn011739

be acconpani ed by co-adm nistrati on of an

anti-inflammatory agent, such as an NSAI D. Wen

admtiirgtaaiesotyogehhed, the peaodaming fihdnding deryvasiyenandaandlogs

t he gl ucosam ne, including derjvatives and anal o

£ BT, PRy BiR TR SRutienBeiRksp St § TRl e o

f OpER-Ar inUdbalr @MilBerei@S described in greater detail

herein. I n another aspect, the present invention

pr ovi dedn anatkstrhaspect,dhe prescat invgn@eripoVides e veaiadigr geating

di sorder or a copdition_ in a .mammal th j

5 qoRrHPCrEr e e neargOF AL mablfh iy
ef f@aidi &MU mafndal GeRRASIuticary efectihe amovsrifiaon.
The nmethod can involve a therapeutic, prot hyl acti c

and¢mposiiderhet the inyeation. nThsyacbad 6en HYRIVE atherapeiisnt i on
is_di ted t : DAL
It fggip&%%g&\:/malicgorgqo%tggg ?ﬁeh gn\%h%a g%bﬁ%ﬁ%a%?ﬁgﬁ'\f%fgg% is directed

adp aheteidi 0 gllévate arerdtibn tpamblervali glueodanrmenyhigh method
effective ampunt of a conpound. hayi ngli]for mul

10 5 IRFGIsF ABRUNHEIR 0.5 PATEOTRCERLNGD QP Gl e[ figi o amount of
' mﬁgp{n:pgﬁncl I?ae\glééﬁ)ﬁﬁaﬁ& ItCﬁ Rad 0Pkt réh! &Yifkifr@mbodiment,

con e wth an anti-inflanmatory agent
whitehinvettivads dnelietios: methbdisilEviatga conditiomiresidblamwith an

effectiyve anount of a.co und having fornmula | or 1]
o B BRSPS OE PRy FORmBreT o BrSimRgsen
Fi gﬁ%&ivk dnsoudt Of RESAFIRN HabBgShiah YL TIok desdibeausteime
sodi um phosphate (EMCYT) and its pronoieties. Figures

152A- 2D show structures of certain prodrug nodels.
Fi gure 2A shows a diagframof. the .structure of the
prodrug sul phasal a%ﬁjﬁgbeﬁr]é)ﬂpgo “Showe @ di agr am of

the strggdys € iof diRgraneFtiRcuilosndf dRir@didtige sedieh phosphate
fluorouracil/cytarabine; Figure 2C shows a di agram of

t héEMGYiExandats pfompeigiasct ed nutual prodrug nodel

i bupr of en/ X ' . di
of The SEMTBEEAER U sr AL St Ein R Ig Modt 108 A
201 bypswE & alagaln 6fiharirdeurerifghy podik saipha8BazingWigure 2B shows
structures of indonethacin and gl ucanet hacd'g[:
ﬁ‘erre for

r egpsbearrmall yhe ughie olprolrsied A URhRER{E P
Sy %%?cﬁfré?cil%yt&?raﬁiﬂ@;cﬁémje'ZW%WS a diagram of the structure of projected

mutual prodrug model ibuprofen/paracetamol; and Figure 2D shows a diagram
of the structure of projected mutual prodrug model ibuprofen/salicylamide.
25 Figures 3A and 3B show structures of indomethacin and glucamethacin,
respectively.
Figure 4 shows an exemplary scheme for synthesis of a spacer linked
mutual prodrug of the invention.
Figure 5 shows a scheme for synthesis of a directly linked mutual
30 prodrug of the invention.
Figure 6 shows a scheme for synthesis of a spacer linked mutual prodrug
that includes a glycosaminoglycan and an NSAID.
Figure 7 shows a scheme for synthesis of a directly linked mutual

prodrug that includes a glycosaminoglycan and an NSAID.
9



mut ual prodrug of the invention. Figure 5 shows a

schene for synthesis of a directly |inked nutual
woe@dnu@sef the invention. Figure 6 shows a schenEsSi005/011739

synthesis of a spacer |inked nmutual prodrug that

i ncl udes a gl ycosam nogl ycan and an NSAID. Figure 7

shows aFguhesshdver a difierdieial sanding calbrimetrly DS Kedmograph of

mut ual prodrug that inc) ude a glycosam nogl ycan,and
Aty BT SRR e ainedh & 1 E SRR (COTipound
C&B?rl metry (DSC) thernogr aph of the nutual prodrug
synthesi zed according to the schene of Figure 4

( conpoufigués 9 slﬁp\gajmree@asﬂmbﬁsﬁ hesmoarigh ¢f egnutual prodrug

h h
s accoraRHG e Heede e o ol e SBLURINTEE o)

Figure ﬁgu@@ W\@h@vs@sﬁscftﬁémf@mrbf@me inbeiahpitodalg synthesized
prodrug synthesized according to the scheme of Figure

5 @esongiog tmthg)schqmeg@jfr%gqm Ss(eemeowndiBe t her nogr aph  of

the nut 3! PELate PHRENASIARH ATl Brol HREEed
of Figu égu% conpoun rP Q% mat | gn §&
ch Q&Qﬁdm% Aslthdeghiaaads laguxrel’ﬁe(rdompnmd)@) shbmngﬁmbhmadon phase

ure 12 shows a graph of tine vs k area as a
10 f uﬁb%qgénm@fde@&@@@ﬁ'i phagrogiens gf thy CBP\‘PPB%‘fon study of

conposi tg @(g? 1 dd\?s) 3 gllapﬁ OF RS, ardal aNuAGRIYOT

gl ucosam ucosam ne pentaacetyl. Figure
13 cbﬁceﬁtr@ﬂi@pﬁ@r afdlﬂﬁmoxesftﬁdgcof c@ﬂnpam@m of tah glvcosanbiae Hed, (b)

permeation of N ace | ucosam ne t hrough shed snake
D Nacety gihe@saming s Gh g SHIRAE e

accunul
accurul a0 9 AnaRELY I UEQTINSE dhpuahuig pemcation

15 2%of Wacem%ucﬁmmarﬂdw@/ﬁmﬂ lsmakelskithy per cent age

vol une ous a nd. et hanol

Fi gur e qrg lsg? B%hgr@ﬁ‘o%o%n% 838?%‘@?“0% Qfel?-%g&l?ﬁ
CORGRBEAANE AloPsh Hedshald skéh REMmPRALHIAR WffdN (58 St Y)lincluding

gl ucosam ne at 37.5C through shed snake skin at 2%

5962740 199642 55n ang §95eathriwb by msjcepiage apkiager AP EHS phpse
048R RAAR Gl i@l containing NAG
20 Figure 15 is a graph showing the effect of ethanol concentration on
cumulative permeation of N-acetyl glucosamine at 37.5°C through shed snake
skin at 2%, 5%, 10%, 25%, and 50% ethanol, by percentage volume of aqueous
phase and ethanol containing NAG.
Figure 16 is a graph showing the effect of soy lecithin-vitamin E on N-
25  acetyl glucosamine permeation across shed snake skin.
Figure 17 is a graph showing physicochemical data obtained from the

permeation of N-acetyl glucosamine in pluronic gel-organic phase vehicles

through shed snake skin.

30 Detailed Description of Illustrative Embodiments
Mammals, both humans and animals, commonly suffer from certain
diseases associated with the deterioration of cartilage and joint connective tissue,
such as osteoarthritis, which can cause pain, swelling, stiffness, and limited

mobility of the affected joint. Management of the symptoms has typically been
10



Figure 16 is a graph showi ng the effect of soy

l ecithin-vitamn E on Nacetyl glucosam ne perneation
wa@eosascoshed snake skin. Figure 17 is a graph BODWS2095/011739

physi cochem cal data obtained fromthe perneation of

N-acetyl glucosam ne in pluronic gel-organic phase

v ebareib@ sut thromgh hresineht siithloatiskflanmBetra pgends, Dedras PEAUPs.

AR B et B Jor R BRGS0t
as RAGL A ShI Mdbid HRnHELR LA padHePiesh Ak ddihagf pam and

joint connective tissue, such as osteoarthritis, which
c amfbausaiopaissnciatedkvith dgseasss spdhrasssteoarritis. mi t ed

nmobi | i ty, of .the affec j-ai nt . {\l/gngg f .

3 synpt o hﬁﬁ@’_ nygear !Oéﬁ%éie@é ArPr &d ou? ’ %Ellqgeo%éﬁlmq&letemus
U1 ek BEBELs M §d?n@%$ﬁtientsnfﬁoamﬁ}ﬂé,yl\1&gﬁm Sy 84lGh s@snach upset,
NSAI Ds. Anti-inflammatory agents are well docunented

f ostorntach ploptsaandies dnteyinehblecdingi AdioppgTeens haying certain
bi gphar.mac [ ' in t t i
L

0S he® alldrpiek,tds Svel T3 epeasdih WhstaradtionntodiavhiSiigBey (imyuding dental
however, cause certain deleterious side effects in
1050 ﬁ’éfgﬁ'éé 2B P ZDITH W GIRGIHAE SUTES APTERUS ecfgfﬁgsefr%rf’ omach

u p%&ﬁiinié&a‘ﬁ%ﬁ%l? 3PS Pﬁﬂﬂér? 5nti-ﬂ$f91§{ﬂ:1ﬁ311y & gse&d A&t-treat an
S0, pe S h as

Al so, rson aving certain conditions, suc

t hyinadriyink smas of thdididoederss. g hdatetiodiigr afenrtilagghndtaodctive
pressure, and allergies, as well as persons who are
ab&§t9%-0 have surgery (including dental surgery) and

pr egnaniGQIRRiMRY ceédiB bedfl inbktighied @s 8pbaghie teh@m®nt for
adm ni stration of NSAIDS. Further, anti-inflammatory

15dr dipsaste chaacterizaibyadeganatation/ofrrge. cearglege ind ¢panective tissues.

disorder, e g.. Cration of . -
conmeir veiefsutdtetndh SolPh swifleicr 35 S B apegein of

| N\gstdsaRhARKES bat PaRSidNoardat BrtdRate itwRIf, 8 i$ RasiERn shown to
characterized by degeneration of e.g., cartilage and
comshmt theypsogressianeef degenarationgngd\ip geao eadlase Hedenent

Wi t | ucosalri j o
o5 QB RTRAT LS s Bhcr ke SRER G MNP Blafly osftourhrts,
20 t S@hbughais isi durfeasy heesgsihedin the (it Stites pr agactissi on

of degeneration and to _re-grow cartilage tissue.

a phageaseniacy] pgredientéfBbet ed to be effective in the

T T
have poor bioavailability as an orally administered nutraceutical. Only a small
percentage of the active ingredient (e.g., 12-13%) is believed to be available to

25  the affected tissue following oral administration.

Subcutaneous injection of a glucosamine has also been investigated. For
example, SYNVISC, a device for administering a hyaluronic acid derivative
available from Genzyme Corp. (Naarden, the Netherlands), is a therapy that is
FDA approved only for the local treatment of pain associated with osteoarthritis

30 of the knee. SYNVASC is often administered to patients “off-label, ” that is, it
is administered to other (e.g., non-approved) joints, thus providing anecdotal
evidence that glucosamine is effective as a treatment for osteoarthritis. Injection
of a drug, however, carries its own potential problems, e.g., injection site

infection, patient aversion to injection, difficulty of administration, etc. Thus,
11



pharmaceutical ingredient (APl). G ucosamne is
typically adm nistered orally; however it is

waeonsilig®sed to have poor bioavailability as anPor/abiogs/011739

adm ni stered nutraceutical. Only a snall percentage of

" the active ingredient (e.g., 12-13% is believed to be
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avanprabtdeddsagd foemafirecitiog gressusod allkowitnef gneglsamine, its
adm ni stration.. Subc taneo

ol GReBsaN Tzt ot paes o rpedhanrd e ipits
SY&%C% arBasiS\ (fiehOlre A6HMed] Stering a hyal uronic acid

derivative available from Genzyne Corp. (Naarden, the
Net her | ahcjpye,sentsm@ntlh@pmydes iﬁmeffegtlmlaf@@r ehalicesamine,

osfné?h-gl,l qgﬁ’lag\t/t%fea%%g Qﬁ%@epegtwﬁéﬁaﬁ) & ?re‘ﬁ'ﬁ the form of a

adﬁlurtﬂa?%) ﬂ?&/ﬁh ﬁﬁbh@nﬁﬁannﬂﬁtf)r}} ahat, to JOlﬁlbaffed:tSd wiith digeases
adm ni stered to ot her non- approved) joints,

t hassopiatsdivdindpsansaiion @ﬁ Caé\ﬂﬁ&'éﬁ@é‘l“ﬁﬁ‘f“@l‘@% amine is
effecti W %d ﬁergﬁleﬁtem “%chosg[ﬂrﬁo?gﬁﬁeksttécﬁi 110 | Bfef S | ON

of a drug, "however, carri ts own potent

pr ghicesmning dgrivativef e luodsagiie anaibgs:bﬁ gincospaifriee atd
aversion to injection, difficul té/ of a m ni stration,

et 81ctaprlites |0ﬁﬁ1r“69@§11’él“oé]§bfés P@F’ﬁ’é‘s Bt ng greater
bi oaval | %th's!ad hotefdl H@LGPSSH ?Ed“g 1@|ﬁ{deYs*?6dth%§m?aﬂcﬁ

anal ogs, nore effectiv s of its delivery to

t hayabtaboegroapéaith @puanq) ateinents @he thaechebon Fdhydrogen,

present invention pro r effective.delivery. of .

01 Secas e RS g ubeps oRiePE b sSsBFd e Hinfatc

t hef ROl eyl bt YorAShhiY& sichlipRatidnd et of ugkaryl
gd&%gcy %&&ﬁpant?-l nf | ammtlgril/ agencg% tgcjug? ﬁ% o

af ha«tamﬂ(y\lvgtdmpebl seases associ ated with degeneration of

cartila £ ctive . fissue. u ' .

term" gﬂf}gg axlgﬂgt csgrawa SEJLS (? aﬁatg(z gglrnlﬂst%gu%tgd hhgﬁ or

9! yeRAH Hb&iro&%ngg}bh% ‘eshiefterfll iy GOSHIH dheompiralaligs, aifenyl, and
gl ucosam ne, and netabolites of glucosam ne, unle

ot hbywykgonpsdfasramplead hedarn Frdkyigiour Heeans @r?ﬁméfiiaih?“ér or

o S P SR P B AR .«

as baxy geptyliddeogesttadeullf aimyl, aFHﬂh}Elhd:ﬂyd: cnyl thehblkte. i Boe term
classified as an aliphatic group clic

ConpIARYLESANEMEnS BRADSANTAIGH, Kisal PLBGRENdYfRicabon group
aI %@fl‘}’(l)nead?%cﬂé abioph- Cglrb%g RiSdible HBRAL, §6idR asd Vik\Xadrbép. The term

oup™ ‘means a saturate unsat urated |inear or
“alkynyl group” means an unsaturated linear or branched hydrocarbon group

with one or more carbon-carbon triple bonds. The term “cyclic group” means a
closed ring hydrocarbon group that is classified as an alicyclic group, aromatic
group, or heterocyclic group. The term “alicyclic group” means a cyclic
hydrocarbon group having properties resembling those of aliphatic groups. The
term “aromatic group” or “aryl group” means a mono- or polynuclear aromatic
hydrocarbon group. The term “heterocyclic group” means a closed ring
hydrocarbon in which one or more of the atoms in the ring is an element other
than carbon (e.g., nitrogen, oxygen, sulfur, etc.). A group that may be the same a
or different from another group is referred to as being "independently”

something.
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branched hydrocarbon group. This termis used to
enconpass al kyl, al kenyl, and al kynyl groups, for
wex@spi@se The term "al kyl group” neans a sat ur Bt BUS2005/011739
| i near or branched hydrocarbon group including, for
exanpl e, nmethyl, ethyl, isopropyl, tbutyl, heptyl,
dodecy| Thepteaete iptentiamptoyvides etroyélexylonnd ot isrempiviak,
The term "al kenyl . group” neans an unsaturat.e | i near
o DK AP B A BIPoRP T B A P G g iye o AFAbe of
ca ?fﬁ@&aﬁﬁﬁ@, QAd 4QLRIn8 BRPERent SHCAhtRMIAMYMANY ag@ERUThe Pigent
term "al kynyl group" neans an unsaturated, |inear or
br arvehiéah fuyidieopraridona ghanpeutical emepasitiopgpeluding the mutual
car ban-carbon triple.bonds. The.term" [ ;
s roBenis Gimgeagt i s 8RB R R uisse gl Qe Wemurnal
cl ?ﬁfahig' @divafedafia thkicoipbiition bAU, cléwvedit vivo ghe fipst component
het erocyclic group. The term"alicyclic group". neans a
cy end heisgennd capPIPeReR PELTSNAGH ﬁ‘{z}l‘ﬁr%‘ﬂé’iﬂit}‘%b’ PrO¥ERIG ng
t hﬁlsé?a %f tié Lél‘[%lﬁ?st SINIARN Hd Tltfc%sgrﬁfn@ anfi? qtﬂ!ﬂ'ogs HPMPivatives,
or a#@F group™ means a Moro- - oF pol ynucl ear “aromat i c
hy&k@@@g@ﬁﬁm@ﬁmwgbmﬁneIhﬁrmmybehﬁmngybﬁh@x@mpthMﬁﬁaﬁs
a cl osed ring.hydrqcarbon in which one or nore of the
10 at MEOKr? Wh@ltﬂ%@e?fg’mbﬁﬁméﬁér?@ﬁt“%?‘lﬁ‘éfa’i%’&iﬁ‘a@g}%%rﬁ agent
(eqs | Y, ith t, as
g sr et Y EERponPAYSITH sl lodr B it fadied Rntiiha
r etterangicinfloamamtdrg indeliveredepeinalbn stystantiolie el ipaigniidleside

present inyentjon provide navel co und that.is.a
eSS B OB BP GG SHie RS o B of Sfhinkiea The
gl g%?ﬁ@ﬁﬁneg and@br Rp&ie bf M&hby fia Qg ARRInQd ceflulgh ereasamdng,

and a

second conponent, an anti-inflanmmtory agent.
15 Thehpuiasegictl progespsi suehfag celheell pmtbqﬁlbg@trgg interactions, and cell

phar naceut i C osition including the .
or SEBgCoMOa e eRor 2o PP HERY o F o Rinoglyen o
agefttSof ERahiRdgNéhnlad the ol tom@ehdnt ef 8d mitaaltgredrug.
conposition and is cleaved in vivo, the first
conponertdditinnatiyevkitecrm vishing neield feanyapraas ey theqrysiae
and tual Vi ' LiES s
AP B RngoRt Rehiheh ' P ARARE KL RAT LGS ifloe

20 depercatane@s, defiviedy cishagglycusamine) dols yoaessingRae biocanyildbdity of
managed, for exanple, via COX/ X-2 inhi.bitiaqn..
o ShFaBIP&qRaIe UDORSHEAY P i B MUt PIOcits B of Jikgaelly. the
del,jye Q‘Pﬂ ¢ BFOAEY SreadM T h
thghggﬁé% §%€¥ﬁtlt gfﬁbggﬁ%ﬁgﬁgﬁyfaﬁﬁflannatory IS
delivered topically, substantially all potential side
effects, particularly gastrointestinal side effects,
are reduced or elimnated. The
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mai nt enance and/or repair of tissues via regulation of
cel lular events and/ or physi ol ogi cal processes, such
w@soosaldoscel | and cell-matrix interactions, aneCT/®1005/011739
proliferation/differentiation may be nmanaged by, e.g.,
~a glycosam nogl ycan or ester of glycosam noglycan as
t he ot hEhe mohpbpedtugdonprendof thelpreseptinyention is represented by
g%%%gﬁglly, while not wishing to be held to any
r theory, the anti-inflammatory conponent of
t he nmutual prodrug may assist in the percutaneous
delivery of the glucosan1ne t hus increasing the
bi oavai l abil ity of t hR2 gl ucosam ne upon cl eavage of
the nutual prodrug in Wv Addi tionally, the
anti-inflammatory ktsel 0 prevides treatnent of
the affected areak 5 drug coﬁﬁ und of the
present invention is re ented by fornula I: wherein
Rl1, R2, R3 and R4 ar eyien%ently H or an
organi ¢ group, as deti X7is an
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N-acetyl-B-D-glucosamine, N-acetylglucosamine-6-phosphate, N-acetyl-
glucosamine- 1-phosphate, uridine diphosphate-N-acetyl glucosamine, 2-amino-
25 2-deoxy-1,3,4,6-acetyl-B-D-glucopyranose, the acetylated analog of 2-amino-2-
deoxy-1,3,4,6-acetyl-B-D-glucopyranose, 2-acetamido-2-deoxy- B-D-
glucopyranose-1,3,4,6-tetraacetate, the acetylated analog of 2-acetamido-2-
deoxy- B-D-glucopyranose-1,3,4,6-tetraacetate, and N-acetyl-glucosamine
(NAG). Particularly preferred embodiments of the mutual prodrug of the present

30  invention include amino-2-deoxy-1,3,4,6-acetyl-B-D-glucopyranose, 2-
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25  metabolites of arachidonic acid, non-steroidal anti-inflammatory agents and

derivatives of non-steroidal anti-inflammatory agents.

Non-steroidal anti-inflammatory agents (NSAIDs) are particularly useful
in view of their wide availability, their effectiveness as an anti-inflammatory,
and, for some NSAIDs, their relatively low cost. Preferred NSAIDs useful in

30  the mutual prodrug compounds of the present invention include, but are not
limited to, for example, salicylic acids (e.g., acetylsalicylic acid (aspirin),
choline magnesium trisalicylate, diflunisal, salsalate, magnesium salicylate,
choline salicylate, choline magnesium salicylate, sodium salicylate), propionic

acids (e.g., fenoprofen, fenoprofen calcium, flurbiprofen, ibuprofen, ketoprofen,
15
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25 Additional compositions of the present invention may include a

glucosamine (e.g., the compound of formula I) in a pharmaceutically acceptable
carrier, wherein the composition is, preferably, formulated for topical and/or
transdermal delivery. These compositions do not include the mutual prodrug;
however, formulations as disclosed herein have been shown to provide

30  unexpected percutaneous transport across skin membrane, which, it is
anticipated, may increase the bioavailability of the glucosamine.

As used herein and unless otherwise indicated, topical administration is

functionally the same as transdermal administration. While not wishing to be

held to any particular theory, topical administration of glucosamine may provide
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carrier may include, for example, normal saline, pluronic F-127 solution, or a
25  generally recognized as safe (GRAS) delivery solution (subcutaneous,
intramuscular, and/or intravenous delivery), or tablets, capsules, powders,
suspensions, emulsions, and/or gels (oral delivery).
The pharmaceutical compositions of the present invention may include
one or more additional components appropriate for use in the composition and
30  that, when included, will provide the desired results (e.g., will provide additional
therapeutic benefits to skin or tissues, or will aid, for example, in the consistency
and stability of the composition). Additional components may include, for
example, antimicrobial agents, gelling agents, emulsifying agents, stiffening

agents, skin healing agents, emollients surfactants, solvents, lubricants, waxes,
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25  Such skin healing agents include, for example, vitamin E, vitamin E-tocopherol
polyethylene glycol succinate (vitamin E-TPGS), ascorbic acid, alpha
tocopherol, beta tocopherol, gamma tocopherol, aloe vera, etc. A particularly
useful skin healing agent in the present compositions is vitamin E. Additionally,
certain useful anti-oxidants include fumaric acid, malic acid, ascorbic acid

30  palmitate, butylated hydroxylanisole, propyl gallate, sodium ascorbate, sodium
metabisulfite, etc.

Certain other additional components, such as emulsifying agents and
stiffening agents, may be used to provide, e.g., stability and desired consistency

to the compositions. Typical emulsifying agents useful in the present invention
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25 ngﬁﬁhm%d’mg 10 id NelhbsiathiRSoraleliv aeveaRemRONSIth 5@ 3. |,
glycosaminoglycan or ester of glycosaminoglycan, coupled with an anti-
inflammatory agent, such as an NSAID, and the exemplary mutual prodrug is
hydrolysable or otherwise cleavable. Preferably, the linkage is hydrolysable or
cleavable in vivo.

30 Scheme 1 (Figure 4) is a diagram describing the general synthesis of an
exemplary mutual prodrug of the present invention wherein the glucosamine is
linked with the anti-inflammatory agent via a spacer (e.g., a linker or linking
group), such as an imide-ester covalent bound alkyl chain, covalently bound to

the NSAID via the inherently created malonic ester configuration. The linking
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provide therapeutic and cosmetic effects to damaged and wrinkled skin by e.g.,

25 application of the compositions to facial wrinkles and/or other areas of skin
damage (e.g., skin damage caused by sun, salt, and/or wind exposure), to provide
soothing of the skin (a therapeutic effect) and at least temporary lessening of the
appearance of wrinkles in the skin (a cosmetic effect).

Thus, disorders and conditions that may be treated according to the

30 methods of the present invention, as discussed herein, include, but are not
limited to, arthritis, osteoarthritis, osteoporosis, muscle sprains, muscle strains,
joint sprains, joint strains, tendonitis, bursitis, burns, joint pain, inflamed joints,
skin damage, skin tenderness, skin pain, sun-damaged skin, wind-damaged skin,

salt-damaged skin, scar tissue, age-related wrinkling of the skin, and any
20



thereof, and the anti-inflamuatory agent according to
the exenplary scheme of Figure 5. Conpositions
w0 p@badiosg nut ual prodrugs synt hesi zed accor di PQI/US20051€11739
general schene of Figure 5 deliver mutual prodrugs
that are preferably cleaved in vivo to provide the
gLuﬁmﬁamkmsﬂandﬁthe anti-inflannatory wi t hout rel ease
of an ipert conponent. The.pre in ent|
pr ovi deg/le eYmeRt a4y tgstg? RISPT mverq?gn ﬂn%%%e

t hadminfelatee sf ﬁﬂﬁﬁrﬂiaﬁélﬁﬁhl' @mkitioh®f awipo&itonana pafient
t he present invention. The conpounds, caonpositions,

?n@su@amvgmemeuq@r wishout Limiasion; dha predersed erappcimeryy the
rea var |
L

m ni strat

Vmﬁfc@ll dpplit&RINITB @klnldﬁttd) Utﬂleﬁe)ftﬁinhlecfr ifitenral mesbngoteoas defscribed
t he dlsorder (e in_and/or swelling, of a,.
‘Jélni‘et@;?dhc

al mevs Bullyragoze. claubshergpralions e gupugl @ffgdmg TP
d eér/%dhag atb th\%%& fo t?@ﬁlo@@éﬂ O &gmﬁfa{e\ﬂ%yﬁtbﬁl%éﬁ§)

I 'npr ove 2°condi tion e.g, |essening of
t he appaasmiioe eﬁfboﬂammibf thieiimkcingis,. thél' eitwhl poddeg ismay

be the result of d . g. t h [
R oSSRy BT ety
%ﬁsg)gn (ﬂ{ aélﬂﬁl)smnglgeish 81 GurtHeP BmBOMRR AL st tr@zﬁﬁleﬁf@f a
me 0

e present invention are not necessarily
| i disbridr tsochiceed niesubofanpes dswmarsdiler, apgdjnirayenous injection,
osi tjons, of .t resent invention may provide
thé lédﬁﬁaﬁ@gghgvﬁc effects to damaged and

Wr in kl egyisikd i isWhderstbod tRRRN EahpRRticab of (R prespriavéitnamay
to facial winkles and/or other areas of skin damage

15 ( e bg admitistered mgeufm (rs@ent @ylumlmr okdiperders Jad/oF cw%ons

nanaeatind BBt ACHARENY Dashehosen #Rir cromer

of apRBERE AIIAAKE cOiteiplandd that rhanyt differekit addjidorabsomporents
effect). Thus, disorders and conditions. . that X be . .
t r can baiinglided & prgvids foranlaians syatls farkleligyry o6 Acomposition of
I nYh nsl{/é)l{hon%lﬂ‘?ﬁ§§éé§ 258 NROLRIER ok&ﬁﬁl!lt%f iRtdtesatl € not
, osteoarthritis, osteoporosis,
20 rrus cI e $Pr atdispleooaglositiohs of the prisentrinveapipaitres indlusiert

AN NI I T SN N
Pai,B; insHide ARREGH S6ifhg) Mah) be SeePRERFrS vBsious combinations of
additional components, e.g., isopropyl palmitate, isopropyl myristate, a
glycosaminoglycan or glycosaminoglycan ester, a stiffening agent like long
25  chain fatty alcohols, long chain fatty alcohol esters, waxes like spermaceti,
nonionic gelling/emulsifiers like poloxamers, water, and a USP approved
antimicrobial agent, wherein the additional components are selected to provide
desired characteristics to the compositions. Further, certain of these exemplary
formulations may provide enhanced permeability, thus improved bioavailablilty,
30  of the glycosaminoglycan ester.
Exemplary forrﬁulations include, but are not limited to, the following,
wherein an NSAID may, optionally, be included in any of the formulations:

1. Isopropyl palmitate, DMSO, ethanol, lecithin, poloxamer, ester of
glycosaminoglycan
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sal t -damaged skin, scar tissue, age-related winkling
of the skin, and anyconbi nati ons thereof. Methods of
WO e@atin®eé according to the present invention POTUSZNES011739
adm ni stration of a pharmaceutical conposition of the
invention to a patient using any conveni ent route,
wthout imtation. In a preferred enbodi nent, the
mup Usdprepy aligitdits, veder athsid@r ledithio, plpameerdster opi cal | y
angiyessabiipgftannal [y, via local application to skin or
to other external or internal nmenbrane, as descri bed
5 m)g.gscg b Yfe, Vifdn2h RelecfidhMpoletan®RSestdride mut ual
rug. .. l{éctaﬁ met abol i c products, are delivered to
& B160ast €am and circul at ed systemcally. In

anot her enbodinment of the invention, e

pr &F%OPgb%Pﬁtﬂ?’sﬂoz‘?’QBle&r‘ﬁq?@ ?tth%o h]eéghlp%%%gkf or m of

t aBlyeeseminRgli@Rs, capsul es, suspensions, enul si ons,
10gels, etc. In further enbodinents, treatnent of a

di §dselEppylsnyrishite ey legithinppoloRMBYLESICT Hitel YoosarRiBPgly can

and i ntravenous injection, as nore fully described .

abeVvieoprépyllpaliitate swatad dscithing golbkanert, B8 Peppposi eiignirefial

t hgoddf RSRALS bIR¥eAkiifslvay be administered to a patient
;5to %reat a nunber of disorders and/or conditions,

wh '70'{}1&5‘1%{}1 Iji,qgéi{ﬁ%'is ;_g{i?ﬁiyris{a’f@, tati GslyddishaReliche

di sorders and/or co c ‘applications, it is also

copt | at.ed that many different Fid : ents
c aﬁ' ﬁggﬁoﬁxﬁ rﬂ?ﬁrésgg}f’bleﬁlﬂ}é{}’i 157 ](zlao’%ea({)rfe%uﬁsge? ?J{)%lg 9%%%‘%”3% ie ? or
delivery of a conpasition of the inventiagn .wt.h -
201 S plSeRIopY RAHEIHF SUS HAPDIGY L BN HETORH Aoy BHE F leeigpin
ex apigyons ocakydius lanelingister 9é ShCeBHROFY A8t i on t hat
i nclude a gl ucosam ne, derivative thereof, or anal og
t haoelsbpropylgpalmitite, GSPppYEbamsinibebia egenst vilapan Helbydrous
t her patydaduspamdinyeerradylyoesqmniapglyeah f r om vari ous
ssconbi nati ons of additional conponents, e.g., isopropyl

pal{fi {5888 pyll RARABYUSPYPprSyed ftindic@blt agai] vingliy Eakecihin,
gl yGas 1?&&5%{1%%%}1%% er, a stiffening agent |ike |ong
al co S,

charn y | ong chain fatty al cohol esters,

waxes. | i ke rmacet i... .NGREH NI " i
11 0: BRpoRM AT E A degnin L3 ?fgg%eda%&?%é@ﬁ‘*ﬁ 3 Hyirous or
30 an PR P HHRRG R §¥FE Of SIFCSEPHIOBRE X ddi t i onal conponent s
are selected to provide desired characteristics to thg.
cortBolsppioprsmyipte nafamia & USPrapprovef aadmisrahigh ageyt, lecithin,
f othiydtoas poashydeops panslingestes oh ZHcesrmyape¥edi | i ty, t hus
i nproved bioavailability,
35  14. Isopropyl myristate, USP approved antimicrobial agent, vitamin E, lecithin,

ester of glycosaminoglycan

15. Isopropyl myristate, USP approved antimicrobial agent, vitamin E, hydrous
or anhydrous lanolin, ester of glycosaminoglycan
40
: 16. Isopropyl myristate, USP approved antimicrobial agent, lecithin, hydrous or
anhydrous lanolin, ester of glycosaminoglycan

17. Isopropyl myristate, USP approved antimicrobial agent, vitamin E, ester of
45  glycosaminoglycan

18. Isopropyl myristate, USP approved antimicrobial agent, lecithin, ester of
glycosaminoglycan

50  19. Isopropyl myristate, USP approved antimicrobial agent, hydrous or
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of the gl ycosam noglycan ester. Exenplary fornulations

i nclude, but are not |limted to, the foll ow ng,
wobk@saidgs@an NSAI D may, optionally, be includedP¢Tuszgs/011739

of the formulations: 1. Isopropyl palmtate, DMSO,

et hanol, lecithin, poloxaner, ester of
gl yetosleosiagllincesnd. of iIghepsapybglyedni t at e, wat er,
et hanol, lecithin, poloxaner, ester of

gl Y6 asastbpaGhpeadie, DMEER phamyl lepathin] padeamar] ¢samiofi E,
I egjy(tgga%imp@y@gﬁarrer, ester of glycosam noglycan 4.
s | sopropyl nyristate, poloxamer, water, ethanol,

| egi tyl QB[ Alﬁ@af&ﬁxé lin, est
W%ég(%}gpﬁ% ezrtﬁé’l‘g%l}ﬁtqﬁ?hg&p%?ldég%}l ?O{est r of noHn, GSIET
gl JEBYSHPIYSIEYAR 6. 1sopropyl palmitate, water,
| eci thin, pol oxaner P approved antim crobial agent,
080 &11SQOBT Iy B GRS SAROL VAAIEG t PEIOKEBEF AR Ol

10§ sghrcopyninegly¢at at e, ester of gl ycosani nogl ycan 8.
| sopropyl nyristate, |ecithin, pol oxanmer, ester of
gl 98 okapropylghyrisiate DMSED pitemid E peolovamer eesteSP appr oved
anigiysbemghoglcagent, vitamin E, lecithin, hydrous or
anhydrous |anolin, ester of glycosam noglycan 10.

15| SoRr RAYbpPahidiAL SHDMISR caRRFIOVRSMANE,iphldiatler Asteagent

Vi 0, drous or anhydrous lanolin, ester of
gl ?%&arﬁﬁﬁg yc?an 11. Isopropyl palmtate, USP

approved anti m cr.ohi n i i p Es lec] i hi
ot §rf§8?r9§£g€?§§%eﬂ2§43§g§ﬁ“a§}%‘.’ el Bl 16 ol Pafher esierof
| e &IXRPHRIDRBBCUbpr oved anti i crobi al agent, hydrous or
20anhydrous | anolin, ester of glycosam noglyc ri 13. .
| s 8pr bppophnalmitaie ectharjol. degithine pologpmst SFtGK/%fgg ycosaminoglycan
antim crobial agent, lecithin, hydrous or anhydrous
| angl Isbpropglt mrimafite gDYISEY attianoly lacgthim, éster af ghynosgpinoglycan
nmyri state, USP approved antim crobial agent, vitamn
25E, 2!8.91%b%71|@>b9], dﬁ@ﬁﬁt@t&, DM, aRsanpopghyiegsstibof dlgapanmpglycan
nyristate, USP approved antim crobial agent, vitamn

E, ﬁygﬁﬂ%ﬁggalﬁﬂgﬁg&ﬂﬁﬁ)l,l 18081k, Rstef6t 85cShminoglycan
gl ycosa ycan
30. Isopropyl palmitate, DMSO, ethanol, lecithin, vitamin E, poloxamer, ester of
30  glycosaminoglycan

31. Isopropyl palmitate, isopropyl myristate, DMSO, ethanol, lecithin,
poloxamer, ester of glycosaminoglycan

35 32. Isopropyl palmitate, isopropyl myristate, DMSO, ethanol, lecithin, vitamin
E, poloxamer, ester of glycosaminoglycan

33. Isopropyl palmitate, isopropyl myristate, DMSO, ethanol, poloxamer, ester
of glycosaminoglycan

40
34. Isopropyl palmitate, isopropyl myristate, DMSO, ethanol, vitamin E,
poloxamer, ester of glycosaminoglycan

35. Isopropyl palmitate, isopropyl myristate, DMSO, ethanol, lecithin, ester of
45  glycosaminoglycan

36. Isopropyl palmitate, isopropyl myristate, DMSO, ethanol, lecithin, vitamin
E,poloxamer, ester of glycosaminoglycan

50  37.Isopropyl palmitate, isopropyl myristate, DMSO, lecithin, vitamin E,

23



16. Isopropyl nyristate, USP approved antim crobia

agent, lecithin, hydrous or anhydrous |anolin, ester
w@booghywesani nogl ycan 17. |sopropyl nyristate, PCBBES2005/011739

approved anti m crobial agent, vitamn E, ester of

gl ycosam nogl ycan 18. I|sopropyl nyristate, USP

appslovaneraetériof ghebsahinaglgedn, | ecithin, ester of

gl ycosam nogl ycan 19. Isopropyl nyristate, USP

appg. QYo ?h]ﬂﬂlfﬁﬁ@ ) doplop ifistatey DNGSIS, Gitaminh ) polesamer,

| ap@lidt, o1\ mgélygénycosam nogl ycan 20. |sopropyl
5 rryrl st at €, DVSO, et hanol, lecithin, poloxaner, ester

co r
e 9@5% ATt ﬁ%‘é‘%p%%v e L R
gl §%ﬁ?ﬁ%§1 22. Isopropyl nyrlstate DVSO,
et hanol, vitam n E pol oxamner
gl @ dsenip g%f%léﬁﬁe PPIIRS BREsirte, Wé@t ithinpyiggmpin E, ester of
10 vi ghyepsanEnogytadxaner, ester of glycosanlnoglycan 24.
| sopropyl nyristate, DVMSO, ethanol, vitam n E,
pouDﬂaﬂﬁbpﬂkamun@ﬁygkmgmsammhmgEﬁﬂ&ﬂ PEoXaBeTpeBEyl
paFﬁkb@&ﬁnoéﬂ%ﬂ@ ethanol, lecithin, vitamn E,
pol oxamer, ester of glycosanlnoglycan 26. | sopropyl

15 pahﬂ"lts rS H‘ﬁ‘l@&é isopREpyll M yRistARQ IIMB B Tecithin] Eteraff
%&8 an 27. Isopr opyl palmtate, DVSO
et no ester of gl ycosam nogl ycan 28.

aI 0 : r
35 @@%gg @3 LS BB RGBSR sfpler
| e8PCRIFTINQEYED of gl ycosani nogl ycan 30. I sopr opy!
20palmtate, DMBO ethanol, lecithin, vitam
pokdxiapmppylasinatiatefiseirgpss g%yﬁ%@l‘%%rne@&noli @aﬂ}lBﬁWf of
palghsicosanapoglyoqr opyl nyri state, DMSO, et hano
| eci thin, poloxaner, ester of glycosam nogl ycan 32.
| SQBFEQMJO Pajalvhitat Ssopropyimoyistatenwitat ethenol DNBG)in E,
25 €1 @fb@lhmef%ﬁ%bi&ﬁg‘]ycdéhﬁﬁf@gfycﬁn pol oxamer, ester of
glycosan1noglycan
46. Isopropyl palmitate, isopropyl myristate, water, ethanol, vitamin E,
poloxamer, hydrous or anhydrous lanolin, ester of glycosaminoglycan

30
47. Tsopropyl palmitate, isopropyl myristate, water, ethanol, poloxamer, hydrous
or anhydrous lanolin, ester of glycosaminoglycan

48. Isopropyl palmitate, isopropyl myristate, water, ethanol, vitamin E, hydrous
35. or anhydrous lanolin, ester of glycosaminoglycan

49. Isopropyl palmitate, isopropyl myristate, water, ethanol, vitamin E, lecithin,
poloxamer, hydrous or anhydrous lanolin, ester of glycosaminoglycan

40  50. Isopropyl palmitate, isopropyl myristate, water, ethanol, lecithin, hydrous or
anhydrous lanolin, ester of glycosaminoglycan

51. Isopropyl palmitate, isopropyl myristate, water, ethanol, vitamin E, hydrous
or anhydrous lanolin, ester of glycosaminoglycan

45
52. Isopropyl palmitate, isopropyl myristate, water, ethanol, poloxamer, hydrous
or anhydrous lanolin, ester of glycosaminoglycan

53. Isopropyl palmitate, isopropyl myristate, water, ethanol, hydrous or
50  anhydrous lanolin, ester of glycosaminoglycan

24



33. Isopropyl palmtate, isopropyl nyristate, DVSO
et hanol, pol oxaner, ester of glycosam noglycan 34.

WO s@pnopys pal mtate, isopropyl nyristate, DVEEELT/US2005/011739
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45

50

et hanol, vitam n E, pol oxamer, ester of

gl ycosani nogl ycan 35. Isopropyl palmtate, isopropyl
nmyristate, DMSO, ethanol, lecithin, ester of

gl 34 asPIOO Phiyciaite, 3prdpydmyapyte, pater dtlne], posopmepyester of
nyglvedsafrfnogiMal, et hanol, lecithin, vitamn

E pol oxamer, ester of glycosam noglycan 37. |sopropyl

5“ Ly Bﬁ[a@@ygo i slyak@ie, IMRE, eth@l, leBieh of
T hu

ter "of gl ycosam nogl ycan 38.
mtate [ sopropyl nyrl st at e,

oxaner , er o
[ sobliyrus magﬁ SoraEL iy ateg\% rapes %@%%?Qntf’ff%mblal
I e@ﬂelnhl ¢t Bblvﬁﬁlé‘ Hek, DAAQTagIerfisteg O SWB@ Q/'%aéln 40.

| sopropyl palmtate, isopropyl nyrl stat e,

| e&7.tlkoprppytipakmitate, 50 Erny@tﬁtagq y@éﬁga\%ﬁﬁ@gp%%éwafﬁﬁmcroblal
| sagenapytampaEnpdlatameri esoqrod glicosamineglsican DVSO,

pol oxamer, ester of glycosam noglycan 42. |sopropyl

pabsﬂ I&@érspyl ipaRRitAE MbopiyFyil sityaiseate, PMBE®, USBappivived amahierobial
of %ny QeS AT, PRWxHARR eddr of AORIaRYo fitate,

i SO opyl rryrlstate DVBO, vitamn ester of

gl 5& g%ﬁﬁ%at’rﬁ‘?ﬂe Aq‘?r B{ﬂﬂﬁlte Q@a}tép U@P%pro%e@ﬁﬁmﬂcroblal
gl ?/% j{ﬁ?%’blv t@ﬁ‘}f‘ ?qrsoérygg&{rﬁlpa Pﬁ:%Ztg i sopr opyl

nmyristate, water, et hanol vitam n E,

of 6@| JyorsSBYHRAGBIY & FPPIRRY! F%’é%ﬁ‘pw at?IaPS?taBP@VC‘E anticfdbial
i saganbggtithigsresist af gycesamerogl¥@hanol , vitamn E
pol oxamer, hydrous or anhydrous Ianolln ester of

gl ¥t dsagropylgiajmitaie 470promyd prysisyate, yedter U§P@ppr®©® pefpypicrobial
Ny ke acddox anidr Sdster f bignodamipadlyoaaner, hydrous or
anhydrous | anolin, ester of glycosam noglycan

62. Isopropyl palmitate, isopropyl myristate, water, USP approved antimicrobial
agent, vitamin E, ester of glycosaminoglycan

63. Isopropyl palmitate, isopropyl myristate, water, ethanol, lecithin, vitamin E,
poloxamer, ester of glycosaminoglycan

64. Isopropyl palmitate, isopropyl myristate, ethanol, lecithin, poloxamer, ester
of glycosaminoglycan

65. Isopropyl palmitate, isopropyl myristate, DMSO, ethanol, lecithin, ester of
glycosaminoglycan

66. Isopropyl palmitate, isopropyl myristate, ethanol, lecithin, vitamin E,
poloxamer, ester of glycosaminoglycan

67. Isopropyl palmitate, isopropyl myristate, water, ethanol, lecithin, poloxamer,
ester of glycosaminoglycan

68. Isopropyl palmitate, isopropyl myristate, water, USP approved antimicrobial
agent, lecithin, poloxamer, ester of glycosaminoglycan

69. Isopropyl palmitate, isopropyl myristate, DMSO, ethanol. poloxamer, ester
of glycosaminoglycan

70. Isopropyl palmitate, isopropyl myristate, ethanol, lecithin, ester of
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48. |sopropyl palmtate, isopropyl nyristate, water,

et hanol, vitamn E, hydrous or anhydrous |anolin,
wesisni@e gl ycosam nogl ycan 49. |sopropyl pal nPCBUS2005/011739

i sopropyl nyristate, water, ethanol, vitamn E,

| eci thin, poloxaner, hydrous or anhydrous | anolin,

esglgrosamigdglyasani nogl ycan 50. |sopropyl palmtate,

i sopropyl nyristate, water, ethanol, |ecithin, hydrous

or 7 anbye S palaitat,iisopresil efyrisfatg UAFogprd vedgingimdnobiil agent,

| SORLRRYVE, 18&IHTH, 1helRus b AHyaRs 1aRolihSéstdraxf ghbedminoglycan
sethanol, vitamn E hydrous or anhydrous |anolin,

.eSI7§.rI§§Jr gjl_}_gﬁﬁﬁ .,rl?c%Jréf MhyeRtatd, S ¥bvddahiThli@bBial agent,
i sSppr.ogy rirstate .
AR e b
gl ycosam nagl ycan 53. | sqpropyl itate,. 1 sSopro
my 7 Seemrepyaliiate dyipseil RGNS, E@%‘%ppa%g;g&nﬁuﬁcroﬁ%i agent,
10| antstmim, E.dwdequs of aphyrsensdanaiisy psfetaf saycosyBimeglygin
pal mtate, isopropyl nyristate, water, ethanol, )
po U@;dammbpylgmtmitatg,ﬁs@rymd sapristy (Uhaprseved angprerphial agent,
pakithmhat B, ledighpresiy bf glycisatmadeglycant er, et hanol, ester
of glycosam noglycan 56. |sopropyl palmtate,
15| SORrREMbpPaliak AL SsophBh R myridbite, UNE AyRevanintifiiaobial adent,
a9efhmid E,Cés{erf]glg}f%st?a?rﬁhéhlﬁjanpm oxamer, ester of

gl ycosam nogl yc | sopropyl palnitate, isopropyl

nyristate, water. USP r 1] ' . .
T e PSP Sy o
I's By PSR YOS M08 d 5 bpyl nyristate, water, USP
20 approved antimcrobial agent, |ecithin, po]oxaner,.
es {8 Isopropy yRABBHAFE nEQIYRUAT BB RN BRI Y niipiohial agent,
i sbpdopybr mhyidstadanolinagséar of Bbposayppesi¥ertant i ni cr obi al
agent, lecithin, vitamn E, ester of glycosam noglycan
60.78) Bopopplypalipihia] sagrepylisyptapylSPrypirevel aftinverobra] agent,
25 USRiaRRf BVeéitian liydi&isepiaahyd@antnoling polokamer, eseresf of
gl yeReaMineghysan 61. Isopropyl palmtate, isopropyl
rry:rl state, water, fUSP approved anti m crobi al agent,
POL@X ARG hy B ta@l 1s9h% ?ﬁﬁms@ﬁg,l USBAp8ved SRREPBIal agent,
gﬁb%ﬁ%ggg@%g §rr % lldro E n%&lg,t IEJIO)YR%&?reste?%?g%@%a%ﬁgglycan
g , vitamn 'k, ester o
gl ycosam noIglgcan ) ) . )
80. Isopropyl palmitate, isopropyl myristate, USP approved antimicrobial agent,
vitamin E, hydrous or anhydrous lanolin, poloxamer, ester of glycosaminoglycan

30

81. Isopropyl palmitate, isopropyl myristate, USP approved antimicrobial agent,
35  vitamin E, lecithin, poloxamer, ester of glycosaminoglycan

82. Isopropyl palmitate, isopropyl myristate, USP approved antimicrobial agent,
hydrous or anhydrous lanolin, poloxamer, ester of glycosaminoglycan

40  83. Isopropyl palmitate, isopropyl myristate, USP approved antimicrobial agent,
lecithin, poloxamer, ester of glycosaminoglycan

84. Isopropyl palmitate, isopropyl myristate, USP approved antimicrobial agent,
vitamin E, poloxamer, ester of glycosaminoglycan

45
85. Isopropyl palmitate, isopropyl myristate, USP approved antimicrobial agent,
poloxamer, ester of glycosaminoglycan

86. Isopropyl palmitate, isopropyl myristate, water, USP approved antimicrobial
50  agent, poloxamer, hydrous or anhydrous lanolin, ester of glycosaminoglycan
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63. |sopropyl palmtate, isopropyl nyristate, water

ethanol, lecithin, vitamn E pol oxaner, ester of
wa@kysos@ss nogl ycan 64. |sopropyl palmtate, i sPET/OR3005/011739
nyristate, ethanol, l|ecithin, poloxanmer, ester of

gl ycosamni nogl ycan 65. Isopropyl palmtate, isopropyl
nmyristate, DMSO, ethanol, lecithin, ester of
9l YT asepid 10 ghiydiate, Gprdpybpryeistte, PM BO! ataeiniks dgpntbipy |
NV &6 R & anBidiBt0lanolig Gotdxiamer, koot glyEgsapiiogkamer
ester of glycosan1noglycan 67. |sopropyl palmtate,
?f? Bl'nﬁEa% Wy r1§€at@WSO| l%gitlhlh' Wydrous olr
sopr opy
? 018 e S?)(g‘ggfeg %ﬂ@gl? n

€, |so wat er’; ~ USP approved

crobi al en | ecit

éfé wagm%ﬁe e gish yg 1, PNERO: Thamit . s§ a8 pr
nyawfimue lanoliR ol ex B ofSteT noglerasy

10 gl ycosam nogl ycan 70. | sopr opyl mtate, | sopr opyl
my 90.dscprepyl obhaitast, isdpseny m}ﬁlstagsg)é\ASO vitamin E, lecithi,
of hydrowsarinhydroys kmolid.. esles obglapgdanpmgh'qaat e, isopropyl
nmyri state, USP approved antim crobial agent, vitamn
E, 91 a6dprbpy1 paliyiékii®UsSoppspyd iy Rtats) DM 8O0V itaminds thgtrons or

15 9' X %ﬂsﬁﬁghmce?s@er?o% glycoemhiapylycaRl m tate, isopropyl
t at e USP’ approved antim crobial agent, |ecithin,

hyg% mﬁgX&l’tQ 3%)&?@@ Inl;ﬁrst egl]ﬁYIS@f lecithin, hydrous or
é‘fué %\Sﬁ%rr \%&EOML al al gtggnt | sslptr gfnyln

E hydr ous or anhydraqus | an I|n f
20 g1 §EoeTPRETYRH PISC ST BHP. BT EE TS OE BHRBYAS
nykm@haﬁemrQ@éyaﬁﬁﬂbV@ﬁY%ﬂt|n1crobia| agent, vitamn
E, lecithin, ester of glycosam noglycan 75. I|sopropyl
pab4i Is@@repyllmyxmtajp,}dlemyacﬁslegﬂen, hygrouspprapkedious lanolin, ester
anbf giyessabiiddgipgant, vitamn E, ester of
25glycosan1noglycan 76. lsopropyl palmtate, isopropyl
'W B S M%gm@ oM fn, aRtidk ofF eftiyakodgerdlin, beed dthi n,
gsy n%ll? Qagam nogl ycan 77. |sopr opyl palmtate,
ropy I st at e, USP appr oved antim crobial agent,

S or a y‘é rtguo eic aQi% etﬂanoqsbl@fS(P vitamin E, lecithin, hydrous
or anh rous in, poloxamer, ester of glycosaminoglycan

97. Isopropyl myristate, oleic acid, DMSO, vitamin E, lecithin, hydrous or
anhydrous lanolin, poloxamer, ester of glycosaminoglycan

35  98. Isopropyl myristate, oleic acid, ethanol, hydrous or anhydrous lanolin, ester
of glycosaminoglycan

99. Isopropyl myristate, oleic acid, hydrous or anhydrous lanolin, ester of

glycosaminoglycan
40 ‘
100. Isopropyl myristate, oleic acid, ethanol, vitamin E, poloxamer, ester of
glycosaminoglycan
101. Fatty esters, ester of glycosaminoglycan
45

102. Isopropyl palmitate, isopropyl myristate, glycosaminoglycan or
glycosaminoglycan ester, cetyl alcohol, poloxamer, water, antimicrobial agent

103. Isopropyl palmitate, isopropyl myristate, glycosaminoglycan or
50 glycosaminoglycan ester, cetyl alcohol, antimicrobial agent
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78. Isopropyl palmtate, isopropyl nmyristate, USP

approved antim crobial agent, vitamn E, lecithin,
wogesoussor anhydrous |anolin, poloxaner, estepPCDS2005/011739

gl ycosani nogl ycan 79. Isopropyl palmitate, isopropyl
“nyristate, USP approved antim crobial agent, |ecithin,

hydrous or anhydrous |anolin, poloxamer, ester of

gl yehdaprang bylednte Goptapypmypylatep glyedpeatinoglycomropy |

ny gliysésahnodUnn 2pier, Gwaty] attbhol, polokaratr, ageni antivii¢ramahagent

E hydrous or anhydrous | anolin, poloxaner, ester of

5 91 Y693 ic@ S 1so }(ﬁﬁlpﬁﬁlﬁ)ﬂatao lyebsaatifogly&@propy!
nyéqy%s% efmo’_égan%gﬁf %Y 1%%h8@ Qﬁ c%blﬁ%%@ﬁt, vitam n

ol oxdner,” ester of gl ycosami nogl ycan 82.

OB T AL Aot o
poEbRRBIIoR RSBt i EBTAAlC E@‘n} Bkeome, we gl fgirobiel
10 pakgAnf at e, i sopropyl nyristate, USP approved
antim crobial agent, |ecithin, poloxaner, ester of
gl @D dsyiromy iyt dsoprepy mopiplate aliepsamisoglyeassio Y
ny glysbsaitnoglpinaser,aeedtean ialvobolo batahicegpeaitagenti t am n
E, pol oxaner, ester of glycosam noglycan 85. |sopropyl
15 palmg 8 Ropy PARKIEHRY, |1sdﬁ(5py$ hatrBtatd JpR cappiiaugscan or
SRS AL AASRYE » spPPhREBE spe@idcRfi réflacement), poloxamer,
g§ Jﬂﬁ oxﬁﬁggﬁgp Isopropyl pal mtate, |sopropyl

r I'sta wat er approved ant|n1crob|al agent

I , or anh drou m
9@@% e o I i B
20 iy EIS6 DR BNASE 54 984 Fﬂ‘?‘i"r HFE Vppitimicrobial

anBg&itous Ianolln poloxaner ester of

gl ycosam nogl ycan 88. Isopropyl palmtate, isopropyl

my il &t Tadprop DB thie,dharopy)] Nyttt gl yeosaming ghyeansor

| apblcbsamipogloxanster, @sylestesst poloyarosamireogingiocacroB@l agent
251 sopropyl palmtate, isopropyl nyristate, DMSO

VI 12 8o 0 YAIRiuste Qo RO Givisgatd, o dminpglyoxaerer

gﬂé’copy n%?@ﬁlaéﬂé?o&lt %@t@r@@ntlﬂiﬁﬁﬂﬁ Fé%bntpm mtate,

3 |srtgate (L O, V|tamn eci t hin,
gl'ig%?rh pa}/ 1t8§,fs q%] ngynsFﬁ c ammoglycan or
lg% es\)?l t‘gﬂﬁ‘lg@ ng éf antxee};\ﬁ/ tﬁlaias@agﬁﬁl?c@glglal

Iaﬁé@ﬁ ester of glycosan1noglycan 92. |sopropyl

paln1tate | sopropyl nyristate, DVSO, |ecithin,

hydd aulgopyppyl palmitate, isopropyl myristate, glycosaminoglycan or
glycosaminoglycan ester, emulsifying wax, antimicrobial agent

35
Certain of the above formulations of the invention will naturally be better

suited for certain purposes. For example, one formulation to enhance
percutaneous absorption of the composition at a joint, such as the knee, will
Jikely be different from a formulation intended to heal/restore sun damaged skin
40  around the eyes and/or wrinkles around the eyes caused by exposure to sun and
weather. The latter use benefits from the inclusion of vitamin E to promote skin
healing. However, vitamin E may not provide any added benefit to a
formulation intended for penetration of the skin and into the joint, even though

vitamin E would not interfere with the skin penetration process.
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anhydrous | anolin, ester of glycosam noglycan 93.

| sopropyl nyristate, oleic acid, ethanol, |ecithin,
wogesou®sor anhydrous |anolin, ester of PCT/US2005/011739

gl ycosam nogl ycan 94. I|sopropyl nyristate, oleic acid,

| eci thin, hydrous or anhydrous |l anolin, ester of

% I gc os aﬁhumgnlsmeam fcﬁb'luldtmop rfopsHanple.| |as€t exteplified iby Kprulation

ydr Qus ous, l.anolin, .ester

o eSS by et SRt B E t 1 Grating s edier g

et NNk | A aQre é&ehﬁdm@dﬁfor Eeahp1bi By foRmBIaa6s e@kies 102-113. It

anhydrou nol i n, "pol oxaner, ester of

gl s*mkhbﬁ m@tsy@mh@tﬁegms @ﬁshe ipigndet ureof thy cameposition, the

. vitamn r

5 | arrorasi g e aieiot ol Pl breg MR ORI S ar VR AP he
| S QIN@iPY lof M dosipdhents &l B Gls&dlfdrmlﬂhtﬁtamdl—l 1%ydrous or
anhydrous | anolin, ester of glycosam noglycan 99.
| sopropyl nyristate, oleic acid, hydrous or anhydrous
| anolin, ester of glycosanhgﬁgﬁ gan 100. Isopropyl
nmyristate, oleic acid, ethanol, vitamn E, pol oxaner,
ester offhgpwsas axmancigxh yedHnstiddd b)Fﬁnbtfgrllcs)sﬂng e3amples whichfare

10 nydﬁgqtsgim@qo%m B%HOZ |I 338 2(51 q@%o&q&ea@é@ ’i%@ &naprIcatlon
esLe %luicgs%}r%esaine&aﬂi QLPKRTRE est@@ttﬁéreoia Al Jiél?bﬁl’)&pdb@lve It

agen sopropy n1tate i sopropyl nyristate,
gl jsaodanmindagiopd drat dre @kgmﬂwmmp@b yroatnrlelg,t amoungse pyd

Ials g&l?:g(lﬁypg ?%[, :‘fcgnrgl}c g\l)v%gq 89 ent 1048t§fi ?);E(gqqu ﬁ\{‘ acgordzri?lcteav\tnﬁi the
gl X&%é afh Qﬁgilt YEMR iShabn a$i a6l habieo FRkthe Gletxan®les are
ant crobi al agent 105. Isopropyl palmtate

151 Spmvaq}ajzll fonylmlgt(ﬁtwdergtay@gamdﬁbg inyeaonis not limited to the

cOoS 0 an ester, . stear
anEr Aoty o Haga 0 rors Py R el L apparent to one
| sopedy thewrt st ate, gl ycosam nogl ycan or
gl ycosam nogl ycan ester, cetostearyl alcohol,

pol oxamer, water, antimcrobial agent 107. |sopropyl
pal i dratie 1 -NSSORIPOcoRdhids VtRal Ribjlagdevepgieycan Synthesis

20 Combining NSAIDs and glucosamine into a single mutual prodrug

allows delivery of these drugs concomitantly in a form that can target disorders
such as osteoarthritis by either oral or transdermal administration. Transdermal
delivery is advantageous because it avoids side effects associated with oral
delivery of NSAIDs, such as adverse drug reactions and/or adverse

25  gastrointestinal effects, often experienced with oral administration to patients of
NSAIDs (Shi et al., Acta Pharmacol. Sin., 25(3), 357-365 (2004); Benini et al.,
Pediatr. Nephrol., 19(2):232-234 (2004); Wiholm, Curr. Med. Res. Opin.,
17(3):210-216 (2001); Kromann-Andersen et al., Dan. Med. Bull., 35(2):187-
192 (1988); Pietzsch et al., Int. J. Clin. Pharmacol. Ther., 40(3):111-115 (2002);

30 Karch et al., JAMA, 22, 234(12):1236-1241 (1975)) and also the
metabolism/excretion events often observed with administration of glucosamine
(Setnikar et al., Arzneimittel-Forschung, 36(4):729-735 (1986); Aghazadeh-
Habashi et al., Journal of Pharmacy & Pharmaceutical Sci., 5(2):181-184
(2000); Setnikar et al, Arzneimittel-Forschung, 43(10):1109-13 (1993); and
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gl ycosam nogl ycan ester, cetostearyl alcohol,
antim crobial agent 108. Isopropyl palmtate,
WO s@pnopys nyri state, gl ycosam noglycan or PCT/US2005/011739
gl ycosam nogl ycan ester, spernmaceti (or spernaceti
repl acenent), pol oxanmer, water, antim crobial agent
10S:tniksograb pkzneahitiet-BomsehungopH(@p§Po-#yF (200dDe,
gl ycosam nogl ycan or gl ycosam nogl ycan ester,
spermaceti (or spermaceti replacenent), antim crobial

agg%ermtall sopropyl palmtate, isopropyl nyristate,
gl ycosam nogl ycan or gl ycosani nogl ycan ester, cet {I
est er s, Apobisctiner! thaptasent stushyi wiasdp spithesizegdiactlyfinked and

| sqpr opy]. ([Ras! e, 1sopr 1Sk
5 g JRUEa P yRAR SocaPPRASR TP RE T By cery
esters, antimcrobial agent 112. I|sopropyl palmtate,

i sopropyl nyristate, glycosam noglycan or
gl M@@;@éaﬂ@g}%?@aﬁs ester, emulsifying wax, pol oxaner,

vat er, trh%eﬁgsfag}'tdghlvgﬁts i1l dBwerleSRRHARM £rHR/HHHeAS Sentific.

I soprop cosam nogl'ycan or
gl YCOSaaipRa@katbeTIas tiebmargrdphi faeraperfared on Analtech Co.

antimcrobial agent Certain of fhe abqve farmul ations a
10 of UNIBLARESnMIGHIBRPR G ASryinsd o ditigerdghiaprighs on
gﬁ%rtaea}fn@oﬂé&af SREcledrMadBt A Ri Snanl® ?pe{c% Ridr@tedcBfiic @n Varian

nce percutaneous absorption of the conposition at
a OV SGLMHZpetthenéaetor MINMR| dandel @ NMR giiflf er ent

om s Lo aon TLETCRd be el agetens s
t hf& ol ﬂ%ﬂ)ﬂﬁdﬂpﬁﬁé‘ﬁ QsifeBott& AW sfMbtyaalibflet), ti@iplet), m
| att enefit E'to

er ‘use romthe 1 nclusion of vitamn
15 pr afoliplesk onbh@adadringlétpwaRackman D600 Endraherseo Electron

i d d benefi f | at i i ded. .
P g%\(/):gé m&wgﬂﬁ&erfe ﬂ%dgz ir%g%gﬁﬁaeﬂi%p%&%?}%&%fﬁ %t,etﬂeé glglhversuy
t hgpHe oMk b 2hBmbeay i Biotical BERhER Ny SpRctdifetBkFatility

penetration process. Thus cosnetic fornulations, for
ex aomplefeddES] (ebectmpipidsi iodizhijorf) onass Spactien Cottpn giyomatqgyaphs

whi l e formul gtions..suited, for use. eat .09 .
DY RO PO e R v P 2 Rreab Bk ing Calgrietr

20 €X SDBC?wapySeﬂf&Eﬁ'ﬂeﬂ oAtd Rtk @nElinies DSIO2 withTBAC VDX hoilizthgbe
under stood that, regardless of the intended use of the
c o RYGIS tThermalt Aveal ybnPissern (Reis EAMarehetRgdsotarene

present invention are not limted by the
Synthesis
Synthesis of the mutual prodrug models were successfully completed to
25  produce compound products 6 (Scheme I, Figure 6) and 9 (Scheme I1, Figure 7).
Methods were explored that would preserve the carbohydrate’s 3-conformation,
protect the hydroxy (OH) groups to allow the amine (NH>) to undergo selective
addition to produce primary intermediates 4 (Scheme I, Figure 6) and 7 (Scheme
11, Figure 7). Compounds 1-3 (Scheme I, Figure 6) were synthesized from
30  procedures adapted from: Bergman et al., Chem. Ber., 1932, 975; Silvaet. Al J.
Org. Chem., 64:5926-5929 (1999) (Supplemental Material); and Charviere et. |
Al., J. Med. Chem., 46:427-220 (2003) as starting materials towards compound
6.
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sel ection of the conponents in the listed fornul ations

1-113. Exanples The present invention is illustrated
whooshesoBo®l | owi ng exanpl es whi ch are directed POT/UR®05/011739

nmut ual prodrugs and to the topical and/or transdernal

appl i cation of glucosam nes, including derivatives and

esSeﬁemetIhagem‘é) as descri bed above. It is to be

rst ood t the [ '
e oTld b S e Sl PpSre BB B A b
eERRclapCe gMichpyrhise $Co anidb)
s;érﬁfﬁ{ogpegﬁztgﬁ\%%talb%%ﬂas s(g}ta fo%t h IIﬁyerr ei ﬁ$ Fﬁlrp?her
t he exarrpl es are provided for clarity of

5 Ugggfst ARt 209, KNG BRI A0 L8 BBl b ) (RACRRhR 3

s ’shown™ an ny “var’i at|
?90 2R ewhs fivated &ithkiitthgkiniine tohgeld mtwhlE(laﬁppEatQ

Al'D- @ ucosam de Mut ual . Pr od and
Syﬂnqn@rscl@lt@@ ivss filisEp dnand rash %Wltb %ﬂéﬁ%@@gg‘ﬁﬁ%@ (ml)).
sipal &y, drPerdClﬂ{dgﬁvééuh Wor S8hber ¥hebr Géam%%yé}rmsvashed
concom ant y Ina ormthat can tar get I sorders such
aswih beaa (2100} sl dijedsivitth®tg,80al Tior sdlven saererapved via

d tration. Transdermal del | t
10 b meswgpuey raersn et orodbetdisd e A RPN REH
del@c‘éﬁﬁ%g@» od}@% oé&w B r@AVRSPnitl JUdN(BROANS(2), 97%

or adverse r0|ntest|nal effects, often
exypield) e Hd 8MRi (ﬁ’mcctpaé) Rhs, kbt 6.5 |(flhan)o51§§t(§ afps5-88 (t, 1H),

f? 5?2@4 %%0%1 ﬁégn%%@t 5 gﬁ‘ (tmi‘gg 3 of-.‘z RBs: ,\%3541{? 2.25 (d, 3H),

19& 2:2232ng h)( BEAGMR %‘gi&tdﬂe) 0.7 . 170 169%83 16(%91169 0,
17(3):210- 216 (2001) r onmann Andersen et

15 I\/EIS 2@u14| 85, 733@2«;8 6_87&1 90955 ¢00KRI8, 1Pi%st 32 8% ]e9t77aﬂ531 for

g}éﬁézl%Pcﬁvg?%?‘? %lﬁﬁ/égg% g]%i%)ﬂ’)&& %612241

( 1975)) and al so the netabolism excretion events often
o 24Pl roR Prd TR ER RIS B 0 b0k
AgBRzaske nos shi et al., Journal of Pharmacy &
Phar maceuti c 181- 184 OOO) i kar. et
20 al Almazﬂ@pmp@lﬁ@rla@éylﬁfﬂm@ (2(2& @11&)5 @@S iéf%fg yuse to
oSSR Sy RIS S aR e 12
t he.9orel eén50 sil @Chast +19° stymocbmstq:mperemureafw R¢ hiopask ddre
angeactlon mixture was washed with HC1 (1.5 N, 2 x 7 ml), H,O (1 x 100 ml) and
brine (1 x 100 ml). The organic phase was dried with Mg>SO, and the solvent
25  rtemoved via reduced pressure rotary evaporation. The resultant syrup was
crystallized with ice-cold acetonitrile and dried under vacuum for 24 hours to
yield Compound 5 (27.4g, 93.5%) afforded as a white solid. "H NMR (d-
acetone) 7.80 (s, 1H), 7.37(s, 2H), 7.25 (s, 2H), 5.79 (s, 1H), 5.33 (d, 2H), 4.90
(s, 1H), 4.09 (d, 2H), 3.95 (s, 1H), 3.84 (s, 1H), 3.17 (s, 1H) 1.87-1.64 (m, 12H).
30 '>C NMR (d-acetone) 205.55, 16.88, 169.69, 169.18, 168.51, 167.69, 128.85,
128.61 (2C), 127.81 (2C) 91.03, 68.54, 61.70, 60.60 53.13, 19.73, 19.70 (2C),
19.62. ES1 for C14H21NO9: FW [M + H+] 499 found m/z 500 440 [M + H+].

Mp >200(238)° C
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chai ned-1i nked NSAI D- gl ucosam denut ual prodrug nodel s.

Mat erials and Methods Al reagents and sol vents
waiiositzedss wer e pur chased from Fi sher Sci enti fiBCT/URL005/011739

and preparative TLC chromat ographs were performed on

Anal tech Co. UNI PLATES. Melting points were determ ned

onl,a,45-eherQ-dohiypls2-dppar 2t ld 2 dhdsabv ey lphsapbr ect ed.

Nucl ear netic res nce fra [ rded on
VAP B RERA By NG D BRI e PP ISR and 13C
NMRoMbbthd £tasamBillibt eIk a0g), astsaimotatnamesyrad.
Chem cal shifts ( are reported |n(§J§ﬁts er ml]ion

( phsAbutsiphendarstis agideNz epointaalydigus1{ Byl fdlbiy wagptirred at

doubl et Lipd.e | t
5 o1 RoreEfbeabub o s o SR ARl XL B PR B 10 m

AQUAMAT I iR £rotke @vaprateton diten@oruboee (7168 mGOafI% s a
the University of Ceorgia' s Chenical an gi ol Qi aé
Scwite pawdis H §a/é%t(ﬁ1@ﬁ€gw%) TS| 153, 7c”§f£ﬂ (BPESP1 (@,

e r [ ti q :
(PR M. S04 T8, P TR Eampac Gyl o, a0
megh), 201f G e61E) tisdl (s, Jddn hicads,Gaot Sa€s, 3y OIC s, wlly . ~C

10 D NMB (st 205A0r T Tates b 6624 16 a0 8 30
209%%.8%‘12%2" P8 R NLh8s! Fz@mlb:ﬂ.@%i, $5.0f, 7o, mulea68.31, 52.07,

pro s were successfully conpleted to@%roduce
conholl . 1 d86ds §7.96:( SyReFknm, HS lgfer £:474:MQ0 BW(&oHered
I, Fi 7). t ho expl ored that woul d
pr Q@Wﬁé&ﬂa‘%‘m?ﬁ?@ﬂ; b- conf or mati on, protect
the hydroxy (OH) groups to allow the amne (NH2) to
under go ectiye addition to produce primary

15 ngéhe%%f‘dﬁg;‘&r%%(\%cherre |, Figure 6) and 7 (Schene I,
Fi @8rafibn 00RO 2 X3 DehREMsHERYN probhdic &cil)ambes-f-D-
synt hesi zed from™procedures adapted from Bergman et
al gluc@pygamnosBe(Compoysd 9) 975; Silva et. Al., J . Og.
Chem , 64:5926-5929 (1999) (Supplenental Mterial);
and Charviere et. Al., J . Md. Chem, 46:427-220
(2003) as starting materials towards conmpound 6. Schene

| (Fi 6) P ti f
201, %:%gg;ﬁeqr%iao{f 52%%4@8%688&92@3{1-ﬁ[-D{glf@pyranosyl (7

TR PSR L et

dimethylaminopyridine (DMAP, cat.) was stirred in 100 ml anhydrous pyridine
for three hours at room temperature. Chlorotriethylsilane (20.47 g, 136.27
millimoles (mmol)) was added drop wise while the solution stirred on an ice

25  bath at -5° C to room temperature for 16 hrs and at 40-45° C for 2 hours. The
pyridine was removed and the resulting oil was washed with 250 ml of ethyl
acetate and subsequently with 250 ml of 1:1 ethyl acetate and brine. The final
organic layer was dried with Na;SO,4 and solvent removed via rotary evaporation
to give a colorless oil, which was dried overnight under vacuum, affording

30 Compound 7 (21.82g; 97%) as a white foam. '"H NMR (CD30D): 5.39 (d, 1H),
483-4.80 (m, 2H), 3.89-3.47 (m, 3H), 3.09-3.01 (dd, 1H), 1.04-0.53 (m, 60H).
ES1 for C3oHgeNOsSis: FW 636 found m/z 636 [M+] and 522 [M + H+] w/loss
of (Ce¢His).
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2-deoxy-2-amno-1, 3, 4, 6-tetra-O acetyl -

b- D- gl ucopyr anosyl (4) Conpound 3 (100 g, 0.26 nol)
wor@stiidsat ed with triethylamne to yield a whP€BUS2005/011739

precipitate. The precipitate was filtered and washed

wth CH2A (2x150 mlliliters (m)). The filtrate was

dri-debxyrtHa-(3bauopiphary pdofmogicgcidiipingr iBhglsconyyatos e )

carosmted (RlidBatinyed il (RO dul R miThe

evRARRhALilcWh Ade BAAIEEH s@ifam@lvésw ZZS)hZG(Brs under
vacuum t o provi de Conpound 4, afforded as It
{ohietonay

s dbeindoylpirengDgropanoi¢ g5id (bl g 44-21 eymoly iy Igvrl wt%

5 ?]_.%]i‘re gg’anllgﬁt’)aﬂi%@%}\ggk% @%@,fﬂzg_r@gb}()tlﬁe%@a bl mi,

3. ABmandPpurftil the HDHtionde2dmé diear3 I-l)qth Rolbfos @@re(mip{e@ Bfd stirred
3C NWR (d-acetone) 205.7, 170. 169. 87, .169
16‘9 09 C tggogp tempergigre gver 33 hoglg a"ile ang@]@’lle S 3;%1‘hoved via

agy ﬁ%%’ gajg)nl %h@ %%u]itﬁlgh/érmﬁhs H e FTATRARGE0 WM BthA1
é ?ﬁ?m/ﬂ?}})(aadalhﬂ @Igani2 lepylaewy\kl)edmlyil antiOfonl brirg; The organic
etr
0 A Bt CITSRGBHLHg PSP O Bh RO e SExting sygRp dhisd inaguo
gﬁgg%ﬁ?{% thﬁ% A @eoas,lzr (. {ngelagbyubha{ylggsmgﬁmm@aﬂm 1 3,

trie m ne 0.90 nl)
| n4d Eﬁ)tetrh—@lfﬁaﬁﬂl)’ﬂsml Bmgtu@opxr@mswla(ﬁmnmundéi) {6t g4

I&ogl%%%ta-;lg% é§ F&ﬁ 60 %jH nkg)t # ?7 r | ﬁeg? [ﬂ%'q H&éaﬁioss of
M rL)TRe RIS g‘x}uﬂ’ e onas 8d)l7ds€2ﬂrew1j? Be- W&m wittl tbheyl

sol vént reane via reduced pressure rot

15 evanpmoatur@ﬂumﬂﬁél\’ﬁe@ébﬂotam whije Hﬁcmtec,‘h@lé’( aél filfesesy Washad

ot 6 e gRERE s bfliAR s bl YRE CUmLBRA S (17 3 s
ths%) §§£ui @ba &HSMM? l(HJIHMER ADE)SOLAB)7. 63-7 M, SH) {8 (s, 1H),

(o651, 178, §56 (ot 11Deg44 6 3804631 (spg 3 Gus . 210 .

20%1.7{%52,3'8 i Bt A g A o 3, SEIRNUIDISCE o) 2913,
20 é§871§39,(11§¢)76g, 1?736432)13(725@) 13215433168, 50.6%RCI01 2%, 488.47,
.13, . : 9 S \
(i Hnda Ll 0 35856700 TSI S S0y Dt S
gor?C ONCE! v A189@Ind!n2 496 9wy B, Vip 164° C
{[ 271 Sobut yl phenyl) propanoyl ] oxy}( phenyl )acet yl]
am no }-b-D gl ucopyranose (6)

Results

25 Compounds 6 and 9 are projected to be mutval prodrugs to treat disorders
such as osteoarthritis via the delivery of both a NSAID and a glucosamine (or
ester or derivative thereof).

Compound 6 is ibuprofen covalently bound via a linker to the amide of
glucosamine, and compound 9 is a ketoprofen molecule directly linked to

30  glucosamine, each a model MP. Physiological, enzymatic, and hydrolysis
reactions are expected to affect eachmutual prodrug’s ester and imido-ester
linkage respectively, thus making them ideal mutual prodrugs used to target the
associated pain and perhaps root cause of disorders such as osteoarthritis by

either oral or transdermal administration.
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Compound 5 (653 mlligranms (ng), 1.45 nmol) and

a-net hyl -4- [isobutyl]phenylacetic acid-Na salt in
wandgdiemss 10 m CH2C 2 was stirred at room t ePQEUSI005/@11739
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20 |"’£]a}ji@bbﬂ§ﬂla%lu(:@hﬂ® and analogues thereof such as NAG as well as
eoxy-2-[ 2- (3 benzo opanoi ¢ Cld
b- BlugRsRRIRg PARCEYYE O %%ﬂﬁ SHibhs Yooy & o3t ﬂﬂ%‘f‘?an
an%h%gcﬁg ad11 JulRS Wik ¥RnAtRAx Mtk gene expressmn in vitro
(Poustie et al., Pharmacol. Exp. Ther., 311(2):610-616 (2004)). From the

pharmaceutics perspective per review and taking consideration of Anastassiades

25  patents and patent applications (United States Patent Application Nos.
20040152665 (2003) and 20020045597 (2001); International Patent Application
Publication No. WO 2002017890 A2); our assumed hypothesis states that by
protecting the glucosamine’s amide, the half-life of the glucosamine molecule is
increased which affects its activity. Chain linkage effects have been shown in

30  numerous literature studies such as coupling a polymer to a molecule via an ester
bond to increase its half-life as method to modify a chemical entity’s dissolution
properties and/or biopharmaceutical properties (D’Souza et al., Journal of

Pharmaceutical Sciences, 93(8):1962-1979 (2004)).
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acetonitrile on an ice bath. In a separate vessel,
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associ ated pain and perhaps root cause of disorders
such as osteoarthritis by either oral or transdernal

w@diwsni®@se at i on. Though gl ucosam ne is not cur reeL/U§2005/011739

10

recogni zed as a pharmaceutical in the United States,
studi es have shown that orally admnistered =
gl ucos dhiese prdsivhekowgtver bawmeasn ghade Basesyam the Sinssiliged

the production of proteo an at e .

| tleded e PR BRSOy b Ref BARgdrep vty
cafid hagrb Jiund 16P caramBbes oft dodaiodun@ 6 9edre obtiatned iab b sésult
root cause (McClain et al., Diabetes, 45: 1003- 1

009
( 198D/ angh0%esing the AFRAdbonligy seryiss (avggable sphg ynternet
A uco and gl ucosam re substrates of gl ucokinase
(§tr‘i‘§‘i‘a %-Coé?)gﬁnﬂﬂf%%se °Q§YV950: 2355- 2362 (2001)).
Phosphoryl ated gl uchsami-fB; gl ucosanm ne- 6-phosphate
i nhi bits glucoki nase ghd alters both glucose and
subsequent gl ucosani ne, met abol i sm (Van Schaftigen et
al ., Biochem J., 308:i23429 (1995); Virkanmaki et al.
Di abetes, 48:1 101-1 107‘(1999)). Mwa et. al reported
t hat gl ucoki Pegse %ﬂ&ha/L@mLaffinity for NAG Thus, NAG
ki nase nedi at es Yhe' pHosphofyl at i%n of NAG to produce
NAG- 6- phosphat e tlhat does n¢t afflect gl ucoki nase
activity (Mwa ef; glwr ~Enzymesproteip, 48:135-142
(1994)). Concl udi ngiot hat :NAG- 68 phosphat e does not

af fect gl ucoki nase h\%i ity thus al | owi mge.gl ucgBe and
gl ucosani ne toxgc6geg‘ fﬁ$%fgﬁ“netabo|isﬁﬁqms a8

unrestricted. Thé‘bio§°nthe2is of glycgsaniigglycans
fromthis perspectiygs u.d'%eobettq&fﬁronnfed Wi th
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anal ogue rat her that byggaregpy | uc ntge (Gouze et
al ., FEBS Lett., 510$iﬁ -176/(2 ) . “Anast assi ades,

et al reports that glucosanihe anb anal ogues t her eof
such as NAG as wel | as gl ucosam rfghwi th varying
N-1inkage-chai ns have shown degrees of human
chondrocyte cell culture growh via matrix matri x gene
expression in vitro (Poustie et al., Pharmacol. Exp.
Ther., 3 11(2):61 -61&F§ﬁ 4)). From the pharmaceutics
perspective per reHe aki ng consi deration of
Anast assi ades pat?Rg§agmm}m§@¢atuampgnnalions (United
States Patent Application Nos. 20040152665 (2003) and
20020045597 (2001 pKap (HEr/Hatile 92 -Pét/en?®-7Qppl i cati on
Publ i cati on No. 0020.1.789( ). r assuned

hypot hesi s statez%%#éég%gboﬁﬁgpg%fiﬂggthe gl ucosam ne's
amde, the half-life of the glucosam ne nolecule is
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i ncreased which affects its activity. Chain |inkage
ef fects have been shown in nunerous literature studies
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bond to increase its half-life as nmethod to nodify a
chem cal entity's dissolution properties and/or
bi ophar TimcusilicgiKpamddeg Pi oaku(anoswfz@nmouad 9 werealspal
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trg@%ygﬂkmgpr certain disorders is its
bi oavail ability, which is typically accepted to be
apprOX|nateI 12-13% al t hough sonme studies seemto
|nd|cat% soﬁ% effective potency in mld to noderate
cases of ost arphritis (Setnikar et al.
szneinitteI/Forgghung 36(4):729-35 (1986);
BiopharH@ceﬂiics BrQlg D sposition, 25(3): 109-1 16
(2004) ; e\_al ./ Bi bphar maceutics & Drug
Di sposi tion, J5(3): 109-1 16 (2004)). Al though not
i nt endi ng be héN@ to any particular theory, it is
our belief that thege two synthesized nutual prodrugs
wi Il undergo in vivoisapdrol ysis to give the parent
conmpounds. Thﬁ& ea h ﬁ _fﬁaxconpound may provide its
I e

t her apeuti cal zgecong fect. Studies have not
been conpleted to dete et her of the new nutua
prodrugs dissolution pr 17|I is faﬁLeg than their
hydrol ysis or enzymatic degr dat| é{e constants.

Al t hough this is expected, the—+ t are predicted to
vary since the |inkages depqﬁd oﬁ%the chem cal nature
of the coval ent bonds, stru€ture of THe conpounds and
t he surroundi ng conditions in vivo/in vitro. Conpound
6, the tripartite entity nay undergo hydrol ysis nore
easily than the bE ar%;tegﬁﬁﬂpound 9. The i buprofen

nol ecul e of conpo e potential to undergo

hydronS|s due to Kgpaﬁbmhqu)grpyp3+Thﬁ)l|nk|ng
group' s benzyl nnlety cou ossi bly then undergo an
i ntranol ecul ar re@K@z@ﬁﬂdﬂﬁfﬁr1éh29ﬁé@r€ 078acti on t hat

rel ease the glucosgﬁlgﬁgﬁﬂég . ﬁpﬁp 6@% 9, the

bi partite conpo. uf to hydro[yze to the

parent conpounds %ghgg&ﬂyﬁn}ﬁndogEu@qsanone These
predi cti ons however have been made based on the "in

silico" cal cul at e@KeKeHYHds 8dF Ebbbothts 6 and 9
(Figures 6 and 7 S Yoy _1BE ol N lico pKa and
log P caIculation§&%ﬁaﬁgg%%3ﬁﬂs% mggg o glned as a
result of ACD pKa ufu@ded'Rigo 3td1e. AGRY | - Lab onl i ne
service (available on the |nternet

Predictive calculations may provide an estimation of the
biopharmaceutical properties. The pKa calculations reported are derived from
algorithms derived from known pKa’s or various chemical groups. Here we
mainly focus on the pKa of the amide and/or ester linkages. The negative pKa
of the amide in compound 6 suggests a large Ka value, which implies that the
equilibrium constant lies to the right for the dissociation of the imido-ester bond
via a hydrolysis type cleavage lending itself more to enzymatic cleavage, which
can also be the case with the imido-ester of compound 6. On the other hand, the
amide also has a high pKa value and, depending on its ionization, the imide-ester
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protonation of the ne atively ch

pr &8Peqtivels WhHeRAY Itll?eé g %rsy ? ﬁ%ﬁ%gﬁlsﬁ% g%
eSt.8fiechion of ﬁ%?ﬂl‘:al%)/r%ﬁnds'%ﬁhfate@qﬁim Sétudﬂnﬁﬁlg\/\e E| using the
determ ne t true pathway of whether or not these

mut'tdd ofpfiieed ol gstehame “éwlgsltklemsé ”sPeg ithlecqftdy states that poor

hydy ophilicity and/ar _oth | uences that affect the
r e PRSAERIGILQTRCTIYPatORdS Flofe el%l fhﬁs Devel opnent based

A) There are more than 5 H-bond donors (expressed as the sum of OHs
and NHs);

B) The MWT is over 500;
C) The LogP is over 5 (or MLogP is over 4.15); and

D) There are more than 10 H-bond acceptors (expressed as the sum of
Ns and Os).

Poor absorption or permeability is possible since neither compound
satisfies more than two criteria. Though more drug likeness is indicated for
compound 9 than compound 6 in regard to their aqueous solubility and intestinal
permeability based on the “rule of 5.” In light of this, mutual prodrugs
containing carbohydrate moieties, compounds such as these potentially fall into
classes that are substrates for biological transporters, which are exceptions to the
rule.

This study was primarily commenced as a pharmaceutics study to

synthesize and evaluate the physicochemical properties of two proposed mutual
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transporters, which are exceptions to the rule. This
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eval uate these mutual prodrugs' dissolutio

c hawedovnd thet the sompoeshiadsublimed ppd degompesst nust be
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The DSC thermographs of compound 9 (Figures 10 and 11) were
difficult to obtain. Compound 9’s uncorrected melting point was determined to
be 164°C. Representative DSC thermograph of compounds 6 and 9 show
exothermic activity (Figures 9 and 11), and many phase transition points
indicative of sublimation, which was proven upon visual inspection. The
uncorrected melting point is actually the decomposition point in DSC
thermograph. Visually, compound 6 was obtained as a syrup, which was
recrystallized under high vacuum pressure and/or solvent recrystallization as
opaque crystals with elliptical surfaces. To obtain a clearer, picture of
compound 6, we tried x-ray crystallography, which failed due to the opaqueness
and complexity of the crystal structure(s). No distinct polymorph and glassy
transition states were observed. Pikal et al.’s hypothesis, “....because physical
and chemical degradation processes require atomic and molecular mobility, just
as structural relaxation requires similar mobility, instability processes are
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25  is considered a poor partition coefficient of about 0.017 in octanol/water.

Compound 6 has a partition coefficient (calculated in silico log P) of
6.45, and compound 9 has a partition coefficient (calculated in silico log P) of
3.81, indicating an expectation of greater lipid solubility and greater possibilities
for transport to occur. It has been shown that both ibuprofen and ketoprofen are

30  transported across shed snakeskin (US Pat. No. 6,368,618 B1; Phar acta Helv

1996, Aug, 7(3):205-212; boll Chim. Farm. 2000 Mar-Apr, 139(2):67-72); both
ketoprofen and ibuprofen are lipid soluble NSAIDS. It is expected that the

NSAID-glucosaminglycan mutual prodrug will also be transported across shed

40
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and together glucosamine and chondroitin therapy demonstrate therapeutic
efficacies over time, (McAlindon et al., JAMA, 283:1469-1475 (2000)).

25 Initial data shows transport of certain topically delivered glucosamine
compositions of the present invention (esters of glycosaminoglycan) as
compared with glucosamine-containing creams of the type currently available.
These creams typically include glucosamine salts (HCI or sulfate), which are

monovalent (uncharged) chemical entities that do not cross and/or penetrate the

30  skin unless an electrical charge is applied.
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skin unless an el ectrical charge is applied. The
conposi tions anal yzed i ncl uded gl ucosam ne HO ,
wok@saiapBe gl ucosani ne, and gl ucosami ne- pent aacECYUSAB5/011739
descri bed below, in a solution of DMSO @ ucosam ne
HC Mol ecul ar Fornmula = C 4H22CI NO9 For nmul a Wei ght =
383. 778GluCosmpusé pémancetyC( 43. 8199 H(5.78% d (9. 24%
N(BofaMar BBul52% OMHBNORef ractivity = Not avail abl e
MofHuVotvengit = Noi 389.ab4@bl e Parachor = Not available
| ndgap&ditidtef r act i (3. Dot) BYRDE BhNE3 60%H ae1 Densi on =
5 Wo%%ekﬁ&h\ﬁty[)ens'%)éli datcnfvai l able Dilectric
avalzb QI%BQB{;\H zability = Not

agh%l e n0| sot 383. 098312 Da Noni nal
&achoskg3 pg Aver 2 383. 783195 Da N-acetyl
gIIH’é@’Sﬁf‘rRﬁféa%Pecul Fo la = C 14H2] NO 9 Fornul a

ViePface Tegsion 3179=d3ppoSitdyBRCR C(48. 41% H(6. 09%)

10 N(Befi89) O 41. 46% 1K) P. IRapmger’i vity = 77.50 + 0. 4
ceDiledtat €ossthctm) 3=DMoltavaildbleune = 266.2 5.0 cnB
Papgighibility 703. 1 =6405ca8.51nmEX caf Refraction = 1.493
0. QR nSkbiodkaviignsiego 3348t 5.0 dyne/cm Density =
1. BBt Masg" am coBghipectric Constant = Not avail abl e

15  Average Mass =389.359811 Da

In vitro transport (diffusion) was evaluated by Franz cell diffusion

experiments using shed snakeskin. Shed snakeskin is widely recognized as a
20  sufficient model membrane to human skin for preliminary permeability studies
due to the similarity in its composition to the human stratum corneum.

The shed snakeskin was hydrated in 0.1% aqueous sodium azide solution
for 48 hours at room temperature. The skins were mounted to three Franz
receptor cells filled with 0.1 M pH7 phosphate buffer. The receptor solution was

25  maintained at 37°C and stirred with a magnetic stirrer. The donor cells were
clamped to each receptor cell, with the skin mounted between the receptor and
donor cells, and the donor cells were filled with 100 milligrams (mg) each of
glucosamine HCl (e.g., cell 1), N-acetyl glucosamine (e.g., cell 2), and
glucosamine pentaacefyl (e.g., cell 3) in a 1 milliliter (ml) DMSO solution. The

30  skin surface exposed to diffusion was 2.54 cm? (1.8 cm diameter) and the
receptor cell volume was 6 cm’. The system was allowed to equilibrate for two
hours before samples were taken.

Twenty microliter (u1) samples of receptor solution were taken at 5, 10,
20, 40, 80, 160, and 240 minute intervals and replaced with fresh buffer. A ten

35l aliquot of each sample was analyzed by high performance liquid
chromatography with pulsed electrochemical detection.

As shown in Figure 12, there was no observable diffusion and/or
transport across the skin membrane of the glucosamine HCI salt composition.
The compositions of esters of glycosaminoglycan (N-acetyl glucosamine and
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15 gl B&Q%Wﬁﬁ &ﬁv@trans%@hlfro%) ploBAGhto articular cartilage. (Milewski,
Biochimica et Biophysica Acta , 1597:173 — 192 (2002)). Furthermore,
exogenous glucosamine is understood to promote glycosaminoglycan synthesis
toward the production of proteoglycans by avoiding the rate-limiting steps of its
conversion from glucose to glucosamine, and ultimately to N-acetyl-D-

20  glucosamine by glutamine (fructose-6-phosphate amidotransferase) (McClain et
al., Diabetes, 45:1003-1009 (1996)). Glucose and glucosamine are substrates of
glucokinase (Singh et al., Diabetes, 50:2355-2362 (2001)). The phosphorylated
glucosamine product, glucosamine-6-phosphate, inhibits gluokinase and alters
both glucose and subsequent glucosamine metabolism (Van Schaftigen et al.,

25  Biochem. J., 308:23-29 (1995)). Miwa et al. reported that glucokinase has a low
affinity for NAG (Enzyme Protein, 48:135-142 (1994)). Thus, NAG kinase
mediates the phosphorylation of NAG to produce NAG-6-phosphate that does
not affect glucokinase activity (Miwa et al., Enzyme Protein, 46:135-142
(1994)), allowing glucose and glucosamine to proceed through metabolism

30  unrestricted. Thus, the biosynthesis of glycosaminoglycans from this
perspective was believed to be better promoted, in certain embodiments and for
certain specific uses, by the use of NAG or some other rate-limiting glucosamine
analog rather than by glucosamine (Shikhman et al., J. Immunol., 166:5155-
5160 (2001)), although the use of glucosamine is not precluded.
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25  with 0.45 micrometer (um) filters in a solvent filtration apparatus (Waters-

Millipore, Milford, MA, USA) that was degassed under vacuum. The mobile
phase system was run at a gradient concentration of 16 mM NaOH at a flow rate
of 0.5 milliliters per minute (ml/min). A standard calibration curve of NAG
(Figure 13) was obtained with linear regression and value of R*=0.9936. Each
30  sample set was run with external standards. The sample concentration values
were obtained via the PEAKNET software. These values were compared with to
those obtained by calculations of the peak area and peak height observe as
functions of the standard curve’s linear regression equation. The instrument

sensitivity was approximately 10" units.
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with an extended conformation, and demonstrate high
viscosity and | ow conpressibility ideal as a

wo mmsito@sé ng fluid for anatomi cal joints. The PEj/082005011739
of GAGs in the body are linked to core proteins, to
form proteogl ycans or mucopol ysaccari des, which are
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N6 S QLY G propyl by s8] .aﬁg RpAIPYB pAIM¥aRY, Saturated solutions of

NAG in water and in phosphate buffer; as well as in a saturated DMSO solution

and phosphate buffer (pH 5.5) containing ethanol at 2%, 5%, 10%, 25%, and
25  50% solutions.

The skins were hydrated in 0.1% aqueous sodium azide solution at room
temperature for 48 hrs. Franz-cell diffusions experiments were carried out. In
general the receptor cell was filled with 7.4 pH 0.1 M phosphate buffer and the
donor cell filled with a solution or suspension. For the phosphate buffer (pH

30 5.5) containing ethanol at 2%, 5%, 10%, 25%, and 50% solutions in the donor
phase, the receptor phase consisted of phosphate buffer (pH 5.5, 0.1 M). The
receptor solution was maintained at 37°C and stirred with a magnetic stirrer.

The snake skins were mounted between the receptor and donor cells.

The surface exposed to diffusion was 2.54 cm?” (diameter 1.8 cm) and the
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Release Testing and In Vivo Bioequivalence Documentation. US Department of

Health and Human Services, Food and Drug Administration, Center for. Drug
Evaluation and Research, May 1997).

25
Results

Initial permeability investigations were carried out using shed snakeskin as a
model membrane to human skin; a widely recognized and sufficient model for
preliminary studies due to its similarity in composition to the human stratum

30  corneum (Itoh et al., “Use of Shed Snake Skin as a Model Membrane for In
Vitro Percutaneous Penetration Studies: Comparison with Human Skin,” Pharm.
Res., 7:1042-1047 (1990)). Negligible NAG transport was observed from
suspensions of membrane permeability enhancers; ethanol, oleic acid, isopropyl

myristate and isopropyl palmitate. No permeation was observed from the
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26:1131-1140 (2000)). From the plot containing cumulative NAG concentration

20  per unit area (mg/cmz) versus time'? (hour”z) NAG’s in vitro release rate was
shown to be 73.48 pg/cm? (Figure 13) with high linearity in transport thus
exhibiting no lag time, as indicated in Table 2. The assumption taken is that
NAG’s high polarity and its low permeation coefficient, as shownin T able 3,
contributes to its inability to be transported efficiently by means of single

25  permeation enhancer or in aqueous solution.
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Jgs (mg/cm’/h) 112.61 119.53  211.61 205.93 7796

In Vitro release rate 286.03 303.61 537.49 523.06 198.02

(ugf/em’)

tlag (h)
R? 0.9778 0.8751 0.7966  0.9924 .9836

The study shows that DMSO allows NAG to be transported immediately
and continuously with a linear concentration increase over time, as evidenced in
Figure 13, which shows the effect of DMSO on the cumulative permeation of
NAG at 37.5°C through shed snake skin (cumulative concentration vs time i

each point representing the mean +/- standard deviation, n=3).
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gggogrggrlltgzggn%%gwﬁé]}vga@i?n? %ﬁfA@ %t 3?’P§ @ ilhrd':@gzl 424 snake
skin, cumulative concentration Versus time'?). Beyond 50% ethanol
concentration in buffer, the NAG precipitated. The flux values for 10% and 25%
ethanol concentration are similar, whereas the 5% is half that of both.

20  Graphically, each has a slightly different linear permeation profile up to the
approximate experimental mid-point. At the conclusion of the 24-hour endpoint
each solution had delivered similar amounts of NAG.

These results overall suggest that thermodynamic and solubility effects
affect the permeation of NAG in correlation to use of DMSO at 100% (Kurihara-

25  Bergstrom et al., J. Inv. Derma., 89:274-280 (1987)) and the varying
concentrations of ethanol in buffer solutions. NAG’s in vitro flux and release
rates from ethanol in buffer solutions overall exceeded those permeation values
obtained from DMSO. This shows that 5-25% concentration of ethanol as an
enhancer in delivery vehicles to be a useful starting point towards the

30  formulation of a transdermally delivered/percutaneously absorbed NAG
composition.

The current study also shows DMSO to be a skin penetration enhancer
for NAG. DMSO is generally used in veterinary drug delivery, (Magnusson et

al., Adv. Drug Del. Rev., 50:205-227 (2001)). The use of DMSO in NAG
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pelorabdl-waenpariidG coefficents] Edydnundthaswydecibiumsgmproved the
10%06/?’H(16§%{ﬂt9 %% aa.l_l the drugs including procaterol and oxymorphone which both
25  have a comparatively low octanol-water partition coefficient of -0.37 (pH 7.7)
and 0.0 (pH 7.4) respectively. The most impressive finding was that the soy
lecithins enhancement effect was the highest for procaterol, which has the lowest
octanol-water partition coefficient of the drugs studied (Mahjour et al., Journal
of Controlled Release, 14(3):243-52 (1990)). As for vitamin E, it is postulated
30  to act as a permeation enhancer by intercalating within the lipid bilayer of the
stratum corneum, which alters the membrane’s permeability (Trivedi et al.,
European Journal of Pharmaceutical Sciences, 3(4):241-243 (1995)).

Vitamin E has a two-fold effect within biological membranes as an

antioxidant and membrane stabilizer. Structurally, vitamin E’s chromanol ring’s
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partition coefficient of 0.017 (pH 7.4) (Bernacki et
Supr anol ecul ar Structure, 7:235-250 (1977)).

g ARGt 3, i o, ot e
Twenty percent poloxamer 407 (PLURONIC F127; Polyethylene-
Polypropylene Glycol) gels were made by standard methods e.g. dissolving the
25  poloxamer into cold water under refrigeration for 24 hours to produce the
pluronic gel phase. NAG was incorporated into the pluronic gel phase. The
final formulations were prepared via the emulsification of the select organic

phase with the pluronic gel phase using luer-lock connected syringes.

30  In-vitro Membrane Permeation Studies
Shed snakeskins were used as the model membrane for these permeation
studies using the NAG semi-solid gel formulations. The skins were hydrated in
0.1% aqueous sodium azide solution at room temperature for 48 hrs. Franz-cell

diffusions experiments were carried out. In general the receptor cell was filled
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Mobile phase (A) was degassed and prepared with deionized water. The mobile
25  phase (B) consisted of 0.02 N NaOH prepared with deionized water and filtered
with 0.45 pm filters in a solvent filtration apparatus (Waters-Millipore, Milford,
MA, USA) that was degassed under vacuum. The mobile phase system was run
at a gradient concentration of 16 mM NaOH at a flow rate of 0.5 ml/min. A
standard calibration curve of NAG (Figure 16, showing the effect of soy lecithin-
30  vitamin E on NAG permeation across shed snake skin, cumulative concentration

12

(n=3) per unit area +/- standard deviation as a function of time"'“) was obtained

with linear regression and value of R?=0.9936. Each sample set was run with
external standards. The sample concentration values were obtained via the

PEAKNET software. These values were compared with to those obtained by
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doubl e distilled and deionized by a MIlipore

purification system (Continental Water Systens Corp.,
wbkooRasmse TX) . Vehicl e Preparati on Twenty per CBOIL/US2005/011739

pol oxamer 407 (PLURONI C F127; Pol yet hyl ene-

Pol ypr opyl ene @ ycol) gels were nmade by standard

medalmiisions gf thdipsalohnen agd péw lmﬂhb)olam‘fe dsrfpactians @f Wst er

d f t f 24 h
SFwS{siﬁ{dic%é?g? Rrredtrmer e ik oFsor SR e iy ves

%{9&51&13& ¢/ iPh@se. The final formulations were
ared vi‘a the enmulsification of the select organic

phase with the pluronic gel phase using |uer-I|ock
58 co nect e%ﬁ ringes. In-vitro Menbrane Perneation
d snakeskins were used as the nodel
menbr angeh@y sthB ERR (ROMIENAIDINgtmihpwasisilagated EoNAG

sem -solid 'gel formulations, The ski n dr at e
| nmorem%laqme@nﬁgnébﬁﬂeewt%zm%U%B@@? aﬁ% goﬁﬁ

gfe%)lpfngrt LU £6.5 95 (f'§9§|j i 1t)dc':cfe?ﬁ'§é19r(§p) in cm/h was

nment s-'were ca n geéneral the fYeceptor
C e&dlcumsa friohd leshwirt Ilshyalozhetnpai rdméters{Heggraftet pluf Feasibility

The recept | ut
10 st A.sseé@?&t?&réﬁﬁég%aé&%’?sé? 1 Defvae Bindbaiseh Maggtsgna o

%H‘c? SroBRE VG g'rgtﬂg@ed{]‘% B o D Phedy 0Npa. MigldeBDekliRe, Inc.,

ace expose was” 2.54 cn? (]dl amet er
é Bagen)l- 2|$:1(d0031)¢ Legepmnag):\eas dejerimingst gvaghlea bnfgomthte

onor ce was cqQver tic. f

S hy B amo g 6 s pieaed bef ud ilef Ghetel) HSuRE A olors.

eagn GxREebbIBN 6i209sursEhtive Mes et b ihgdelshsed par b
m of the stg?n El?)eml\\/lAG égluuronllc orgargo- h@de par buit

15 f omw(mglcuﬁ) wBanpihied (NERYitoiN & Gt ik @ﬁlgqsmaé? (mg/sm”)

eri
SofavBHe ferdREer EAG s Shab P HE R R B ap.and
eXP@itéBﬁmaﬁ OMRh £es€ THAHBEBY Mdhutdctyplnige aieCorite; uvimot s
hat perneated through the_snakeskin
deB@h@qﬂ}@tmg aFMEVPMBwF{PA@l@NB Ragpmeptafqgy Rﬁ@%pwnt of
I [§
o el fol R SE Ak PRI e QDB bt May RO 2
20 Hi gh- performance ani on exchange chromat ography wth

pul sed anperonetric detecti on (HPAE-PAD); D onex,
m‘%l&l e, CA USA); on a Dionex DX-500 HPLC system

C onsi st ﬁﬂiﬂaﬂ NAGK éfgnsport was observed from lecithin-isopropyl palmitate,
vitamin E, and lecithin-vitamin E (1:1) suspensions (100 mg/ml). Negligible
(below the limit of detection) transport was observed from all of these

25  suspensions, excluding the permeation of NAG from the lecithin-vitamin mixed
E (1:1) suspension shown in Figure 17, showing physicochemical data obtained
for the permeation of NAG in pluronic gel-organic phase vehicles through shed
snake skin, cumulative concentration (n=3) per unit area -+/- standard deviation
as a function of time"? (IA: 1:1 w/w of pluronic gel:organic phase 1A

30  (lecithin:vitamin E (1:1 w/w)); IIA: 4:1 w/w of pluronic gel:organic phase IIA
(lecithin:vitamin E (1:1 w/w)); ITIA: 0.93:0.07 w/w of pluronic gel:organic phase
IIIA (lecithin:vitamin E (0.93:0.07 w/w)); IB: 1:1 w/w of pluronic gel:organic
phase IB (lecithin:isopropyl palmitate (1:1 w/w)); IIB: 1:1 w/w of pluronic
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gradi ent punp, ED40 El ectrochemnmi cal detector, AS3500

aut osanpl er and PeakNet Chronat ography Wrkstati on was
waitiositze@se The HPAE- PAD was equi pped w t h CARBEPACSINR011739

(3 x 150 mm), analytical anion-exchange colum for the

rapi d, high-resolution separation of nonosacchari des

angt] 9 gaicpiasé HBY ecitbinnigopyabyd odinaitase f lo st wi)e iRt @83:0 6

and a RBOPAC _PA20.anal yti cal..quard . .
iy AP Ba s Dot T ity BB gL Bt gf B
phase (AMaASydaRassafdpaeapobRayadoth it Keitldniviethin mixed

water. The no iIe‘AdEhase (B) consisted,of 0.02 N Na?—|
pr Bk pshspinsiord NASRis Zeldasrapier ] habLeiom eteadyiiatnlpx ds=4-23

mmfilters.i.n a_so Nt fdl L 3
s (e ereBran i perRl barththRE-SRATRERE Y s et
ungesrdé@crabr 4)flhe nobi |l e phase systemwas run at a
gradi ent concentration of 16 nM NaOH at a flow rate of
0.5 mM/mn. A standard calibration curve of NAG
( Fi.gur . X : | dgnvi tam n
E Jg%&fi&é@&cﬁ%@%&% (%ltgare %@élfng(ﬁgoé Q@engéggleg%ﬁn(?ﬂgunul ative
COonGeylpladdaaiing (N805) pea levithin-vitagén plurors¢-argdaicphase vehicle
deviation as a function of tinmel72) was obtained with
10 | | heayehrsbgd 8adedinand val ue of R =0.9936. Each sanple
set was run with external standards. The sanple

ORGORLEat-o - i
gon‘Wéﬁl%. Thbs@8(Fat E@:s we rigeie@f‘ﬁfﬁtgrzg’g it h igpt icm{lﬂ ose e ™)

obt ai ned bycal cul ati ons of the peak area and peak

hei ght observe as functions of the standard curve's

| | NeRhh€0r €533 goméFUat i oni3.7ihg/dniist r ument.(densic viot y
wasyamRhrexi mtely 10~4 units. Data Anal ysis Steady
stagienflux (Jss) for NAG (ng/cm 2/h) was cal cul at ed
fromTtTs T ncreasi ng anount 1n the receptor nmedi um
(Bach et al., Eur. J . Pharm and Bi opharm, 46:1-13

1998 G er neabi | | i el j ;
vas onl Eol e BFS Ebas A GE i s el B plionic
( "%nga[n@fdrgzﬁﬁc phase, askBawh i Thtily 5 Adlers wirhiits respediopi cal
and Transdernal Delivery: Mathenmat.i c%t Model 5 and I n
Vi physigchemics! datp gbtpingd Serdheraprpsatign PeNrareyBIuhTAmES
Mar.cel ' . : '

1 R A R e e R A A B v
ampuiiilaifve donugntratiaageshspene pini to dtan tnyheshpwiedsus
time (h lots. A are root of tinme (t1/ er
curmsPiative B Sitiork . OF ar o peredeal e bip rch oS e

square root of time plot shows a comparison of all the vehicles. Overall

graphically, the pluronic gel formulations containing organic phase mix of

20  lecithin and isopropyl palmitate out-performed the pluronic gel containing
lecithin and vitamin E organic phase vehicles. Formulation III A, which
contained the pluronic gel to lecithin-vitamin E mix at a 0.93:0.7 exhibited the
best release rate, steady state flux and permeability coefficient values (Table 5).

The data shows that as the organic enhancer phase is decreased, NAG

25  permeation increases for both formulations IIT A and HI B. However, the release
rates of formulations II B and III B are comparable. Correspondingly, in
experiments not reported here, NAG was not transported in aqueous only

vehicles.
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area (mg/cm 2) was obtained to nonitor NAGin vitro
release rate (ng/cm 2) (Quidance for Industry:
WGPATIEBS Semi sol i d Dosage Forns. Scal e-up andPCT/US2005/011739
Post approval Changes: Chem stry, Mnufacturing, and
Control; In Vitro Rel ease Testing and In Vivo
Bi oequi val ence Docunentation. US Departnent of Health
and Human Servi ces, Food and Drug Administration, My
1997). Resulys Initjially NAG transport was observed
fromlecithifp-jsoprigpyl palmtage, viganm ngE, an
l ecithin-vit s E E |(<l: 1) suspensi ons 100 hsg/ mM )i
Negligible (pelowthe limt of detection) transport
was obsgrved| from algl of cvhese %uspersl ons2 excl &di ng
the pergeat i bn ©f NAG frozmthe (Iemthjsn wf,am n fi xed
E (1: 1)_%susplhsfl’/on shown n Figure 1% showiRg © «
physi coghem fal datja obtained for the perneation of
NAG i n ol uropi c gell-organi c phase vehicl es through
shed snmgke skjn, cynul ative concentration (n=3) per
unit arga +/ | ccssLancard deviation as a function of tine
172 (1A 1:1 /& of| pl uronic gehorganic phase | A
(lecithEn: v|Eawmin B(Lkww)y I1Ag4 1l ww of~
pl uronig gehpEdani phases| LA @ecitin: viganin § (1:1
ww); $1TA10.93:0.07 W w of pl uroni c gel :organic
phase BEA (Ipcighin: vitamin E (0.93:0.07 ww); IB:
01 vv/v?of p] usoni ¢ gehorgani c phase |1 B (Iecithi n
|soprq®yl ppl @ tatie (1: 1 ww); ILB: 1:1 w w of
pI ur oniZ,gel : pr,gani cophasesl | B (meC| thin :iZopropl
palmitate (W 1Ww)" M:™0.9370.07 Ww of‘opl ur oni ¢
gekor gani ¢ phase I B _(Ieci thin:isopropyl palmtatg (1:1
ww ). té&el atjvely, B nearBtran@ort was obgervedgfrom
the leghthin vitam(i& mi xeéd E (131) sulpensEon. NAG s
rel easé rat efF13. 71 gp/cm:?, st eady state f-gux Js§—4 21
ng/cm Bh and its pernealk ity goeffiTi ent2kp=5.812 x
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For the pluronic organo-gels, each vehicle was

conposed of a pluronic gel and organi c phase, as shown
WO pooFaidoes 5, along with its respective physi coRtIEIRZNE$/011739

data obtained for the perneation of

N-acet yl gl ucosam ne (NAG. Each NAG vehicl e exhibited

| ag ti rfehe @snplepdisciduien offalbpaess, prtant eppliskEensy provisional

concentration versus .tine plot to tain .t | 5 _.nat

ST P icafis PrkFprEp ooty hAfsiaPitR

CONCEALIAh A BoREdd B Veferéic@a THE & Foih hdemned@d@cripiin oid

time plot shows a conparison of all the vehicles.

Ovexaadplesgraapheanaprbyided frs cpiriy ehprdegeanding orly afNogmgecessary

cont ai ni ng_or gani a ] f =1 1.0 B

5 pameig st RapRsPRd Tkl TAEFIRln R HEARG 0k
| eSlathidiainBowh taadidescEbed; gadriyovapiadses wihbecdppsrent to one
Fornulation 111 A, which contained tqg ﬁ%uronic %§¥ L&
| eskiidsd in-the arhandhare infendegito e gnaduded withay ey @fop figtined by
bqi% F@I ase rate, steady state flux and perneability
c f1%8nt val ues (Table 5). The data shows that as
the organi c enhancer phase is decreased, NAG

perneation increases for both fornulations IIl A and
10111 B. However, the release rates of forrmulations Il B
and Il B are conparable. Correspondingly, in

experiments not reported here, NAG was not transported
i n aqueous only vehicles. Tabl e 5. Physi cochem cal data
obt ai ned for the perneation of NAG in pluronic-organic
phase vehicles through shed snakeskin. Vehicle

Graphi cal Organi ¢ Phase Jss Release rate kp tlag Labe
(mg/ cn2/h) (mg/cnk) (cmih) (h) Pluronic Gel: Organic
Phase | Al A Lecithin: Vitamn E ( 1 :1 ww 1.01 6i
3.2x1 0 6.45 (1:1) Pluronic Gel: Organic Phase Il Al
A Lecithin: Vitamn E( 1:1 ww 1.06 8.94 3.1x10O3
3.98 (4:1) Pluronic Gel: Oganic Phase 11l AIlll A
Lecithin: Vitamn E (1:1 ww 10.3 74.9 3.2 XI O 0.85
(0.93:0.7) 1 Pluronic Gel: Oganic Phase | B I B
Lecithin: Isopropyl palmtate E 2.16 14.6 3.I1xIO 4
5.33 (1:1) (1:1 ww Pluronic CGel: Organic Phase Il B
Il B Lecithin: Isopropyl palmtate E 6.98 38.5 2.5 x10
6.98 (4:1) (1:1 wwi4
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Pluronic Gel: Organic Phase Il B 1l B Lecithin:

| sopropyl palmtate E 4.46 43.1 6.8 Xl O 2.49
W@ 00083108¢) (1:1 w w 4The conpl et e di scl osur espof/uatos/011739
pat ents, patent applications, provisional patent
appl i cations, publications, and electronically
aviH AabIeChIHIalS:ci t ed herein are i ncorporated by
reference. The foregoing detail ed description and
exanpl es have been provided for clarity of
under st angi Egum&nprmyﬁﬁﬁﬁ esEpdnent tavialeatly dinkedaroe deoond
be understood therefrom The invention is not [imted
t cconfymnextastid dempdunst hevingrformdadescri bed; many
variations wll be apparent to one skilled in the art
and are intended to be, included within the invention
defined by the clai mRWHAT IS CLAIMED IS 1. A
compound conprising a fY conmponent coval ently
linked to a secongsco id conpo havi ng
formula I : mhereﬁﬁs / ﬁéﬁand R4 aggpeach
i ndependently H or an o ic group; L is an optiona
l'i nki ng group; and X an i1kl ammatory agent. 2.
The conpound of claim1l wherein the anti-inflamatory
agent is,selected fromthe group consisting of a
nonsterWP@ﬁF‘antl-lnflannatory agent and a derivative
of a nonst er Qi gl RABAA R Bfel cabirBidependeg@nil or3n ofgmmic group;
compound of claim 2 wherein the nonsteroida
10 ant i - i nf | anhtivayoptipnat linlgng e1o8gt @4 f rom t he group

consi sting of, difl uni licylic acid,
chol i ne magné(s R |1§?14 | cjg/tl gweé ﬁfsjlal sal at e,

di cl of enac, etodlac, indonethacin, glucanetacin,
sul i ndac, tolnetln f enopr of en,

bu ket o] rofen,
na@r oxemhe ex@apewd of cla W1@EWGP%ﬁmPH§&EWBﬂPE %%
mecl of e t o ent and
nastirfORER G pNGREA A oLl AR InfTR) i
15ac atdaﬂwm@hﬁra noﬁaemdmﬁ emj-idlanfireataryetgent enoxi cam
chol i ne magnesi um salicylate, choline salicylate,
fenoprofen cal cium indoprofen, ketorolac, ketorolac
et haf, ?] Hﬁgi kﬁsdlé*lm Sahbew @k %onﬂa@icﬁf gnaflagmatory
ium so sa I cylate, |ornoxicam ninesulide
r eragém mszmﬂmstedfﬂrm uhd ghoyp corséstiogiob difbiansab @sz¢tulsalaﬁ¥érc acid,

Valcgglg:ne mzki)gnesmm trisalicylate, salsalate, diclofenac, etodlac, indomethacin,

—

20  glucametacin, sulindac, tolmetin, fenoprofen, ibuprofen, ketoprofen, naproxen,
oxaprozin, flurbioprofen, mefenamic acid, meclofenamate, phenylbutazone,
piroxicam, meloxicam, nabumetone, pirprofen, indobufen, tiaprofenic acid,
acetaminophen, carprofen, etofenamat, tenoxicam, choline magnesium
salicylate, choline salicylate, fenoprofen calcium, indoprofen, ketorolac,

25  ketorolac tromethamine, magnesium salicylate, meclofenamate sodium, sodium

salicylate, lornoxicam, nimesulide, remifenzone, flosulide, rofecoxib, celecoxib,

and valdecoxib.

4. The compound of claim 1 wherein the anti-inflammatory agent 1s
30  selected from the group consisting of a prostaglandin, an arachidonic acid, and a

metabolite of arachidonic acid.

59



4. The conmpound of claim1 wherein the
anti-inflanmatory agent is selected fromthe group
wa@oensiisdoseg of a prostagl andi n, an arachi doni cPerU82005/011739
and a netabolite of arachidonic acid.5. The conpound
of any of the preceding clainms wherein L, if present,
is an organi c group. 6. The conpound of any of the
precedi ng cl ai ns erein.the first . conpgnent i .
seﬁecteaﬁ?F%ﬁP@H@WSPB&8P85ﬁ§?§9Vﬁdﬂ%Fméﬁﬁ@%§%ﬁ?ﬂ%f“mnISan
9'5§95ﬁ2$ pent aacet ate, glucosam ne- 1-phosphate,
gl ucosam ne- 6- phosphate, N-acetyl-b- D gl ucosamnm ne,
N-acet yl gl ucosani ne- 6- phosphat e, N acetyl -gl ucosam ne-
1- phosphate, uridine di.phasph - N-. . .
5 gl ficosark™hEOMPOUH oa-nﬁ-og 8)?35%6,%%%{:!1%-%%%%&6111 the first
ac gbyborenPrsakleeRp YR Ao Cnssthy biglacosane gluobsamine
2- am no- 2-deoxy-1, 3, 4, 6- acetyl - b-D gl ucopyr anosf\?,
2- pedbaneiatn shicgemxipe- 1 Osplatk GBPsATREe-O1physphage. N-acetyl-p-

t ety aacet at : 0 ine-1-

LRSI B PERR R O s gucosanin.

1, Bhésphategiridine eipabpharid-abbtgtgnydsagiine; 3samnod-depxyA.3.4,6-

phar maceuti cal conposition cogpri Si ng a . 13.4.6
10t haepebrD-garoRyrErsedhs st uaist ARalas ohg-apunye-dsaey-1.3:4.6-

co el P 2 1§10 4 lu@Bpyranose-1,3,4,6-

phareq c@gélgg%ﬁ%g%’g?%% eagazp(%ocek?. BJgj.igTh!(’)ehgy

phagtraacaattj thahcaglapdsintlog nf 3facethmidn-2-deox - HelP-glucopyranose-

conpri sing one or re addjti onal conponents sel ected
frérﬁ"f’ﬁ‘éetéaraﬁﬁﬁtecﬂﬁgg???tﬁgg O %%t i mi crobi al agent, a
gelling agent, an emnul sifying agent, a stiffening
agent, a skin healing agent, an enollient, a i
15sur7f act anpharmasoiticeltompesitiob cpmarnising 4 thggrpeugically effective

hunmect ant ski n penetratjon . .
anerBRnHe et BRBTHAT LAY P BpLain Biipns, and o
PhahaReREiGAY QPO tdrdet. of claim 8 wherein the
antim crobial "agent is selected fromthe group

consi sting of ethanol, paraben, salts of a paraben,

sorpic acid ' . ’
oo Ay Rl T AREAR ot BHRPY 0, B lingone o
20phansre aaditivedlcoapopass tdlanedfromltis gno8pwhesiging of e ski n

heal i ng agent is selected fromthe group consi.sting o
vi taatipacrpbiabagest Bigellmg; a(g,entaprbﬂgu]?g@glﬁﬁg?% 231 Qttfge!‘:néng ggenI, a
tE? $g@?eraglﬁ% a QBT nRARBNES QhrfacBhO8 s¥RkR:, aVibrRFh)a wax, a

humectant, a skin penetration enhancer, an antioxidant, and combinations

thereof.

25
9. The pharmaceutical composition of claim 8 wherein the antimicrobial
agent is selected from the group consisting of ethanol, paraben, salts of a
paraben, sorbic acid, potassium sorbate, propylene glycol, glycerin, and
combinations thereof.

30

10.  The pharmaceutical composition of claim 8 wherein the skin healing
agent is selected from the group consisting of vitamin E, ascorbic acid, alpha
tocopherol, beta tocopherol, gamma tocopherol, aloe vera, vitamin E-TPGS, and

combinations thereof.
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conmbi nations thereof.11. The pharnmaceuti cal
conposition of claim8 wherein the enul sifying agent

WO g008ali@sé ed fromthe group consisting of chol eT/@smNN5/011739
pol oxamers, |ecithin, carboners, polyoxyethylene
ethers, fatty acid esters, stearates, and conbi nations
thereof. 12. The phar rraceuti caI corrposi tion of claim3$8

V\/nereinthe skin etratl ncer m

t hbl-gr ol REHRRC] gl C&mpgﬁ Pﬁ f:laa f\%liere SeheE rhlglglog;l'hg

p o%ﬁéﬁ{ ﬂ%kl%@t%d Q}OY& e grwpﬁcﬁmsﬂtlﬁ@bif%ole%&@@laﬁbldﬁam&@ dicirhin,
fate, Spans, Tweens, terpenes, azone

aceirlme&;rsmoéy@iyathylﬁne atherss 631 asid ¢S SteaErtep ANd qambippiions
&]Ir ma?euti cal conposition of claim8 wherein the
BRfdant is selected fromthe group consisting of
furmrl c acid, malic acid, ascorbic acid palmtate,

butyl ated h dr oxyl ani sol e, propyl .gall ate, sodi.um .
astdr baifbe p asEIageH Ivak Gaspsiton (g claim ‘iél?fr’fﬁ‘ﬂlﬁg? gﬁﬂgenetrauon
t her,eof n
of e g eI BRRL AR UrERIRARLhy ARG RMLAR
f opolyediyleat ghiepl, ugat dlmthy15cetéﬁhﬂlep$miwm¢wﬂl swifhte, Spans,
conposition of claim14 vvh?relnth %& er é’l
10 5 e T BEERse TP ARG AESHRPR Oleic ffl, ang combiafions B§Teet on,
a lotion, a suspension, a mcroenul sion, an enul sion,
a Ilposorre or a transdermal patch. 16. The
phasmac&ut phaimacem;malsmmmmm dw&almrifewmreml the ppfioxidapt is
wher ei n ositian.is fornulat.

suﬁﬂﬁﬁt%é’ ﬁe RPN et fugpnt ﬁ?ﬁ’a’e}% Co?fsld ascorbic acid
gld g}d I%I%&é’i %{lfy@zﬁed ﬁydro;ﬁﬁmﬁ)ch@ Iprese whil&a) soafip asotatd) sedium

3 Wwherein the conposition is fornmulated for
15 or aletabivvilfitie sandatondnnatiods thprefphar maceut i ca
conposition of any one of clains 7-17 wherein the
first conponent is present in the conmposition in an

amynt qhe @Bﬁ’x‘xhﬁacéut‘i@l ghthp@eicesttany @nabdcihintS7 MR ivgietein the

percent.19. A pharmaceuti cal conposition conprising a
t hepmpesitive isl foymalaied dor lopicalAPRHEAN- 2 compound havi ng
formula I'l: wherein R1L, R2, R3, R4 and R5 are each

i ndependently H or an organic group; and a o
20 phasmac quieiphatnhaceatad poapbsitiaaofidlans 14 wherein the carrier is

selected from an ointment, a gel, a cream, a solution, a lotion, a suspension, a

microemulsion, an emulsion, a liposome, or a transdermal patch.

16.  The pharmaceutical composition of any one of claims 7-13 wherein the
25  composition is formulated for subcutaneous, intramuscular, or intravenous

administration.

17.  The pharmaceutical composition of claim 7-13 wherein the composition
is formulated for oral administration.

30

18.  The pharmaceutical composition of any one of claims 7-17 wherein the
first component is present in the composition in an amount of about 1 weight

percent to about 75 weight percent.
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wherein the conposition is fornulated for topica
application. 20. The pharnaceutical conposition of
wa@bk@smieb8e f urt her conprising at | east one PCT/US2005/011739
anti-inflammatory agent. 2 1. The pharnaceuti cal
conposition of claim19 or 20 wherein the carrier is
seliect ed flraommtdneicgroomposions compngingf tharapsuAeatfiecive
gel, a cream a sghutioF, allﬁtion, a suspension, a
mi APEBRLATS ORPOYRT BRUIPE VYA i posone, or a
transdermal patch. 22. A nethod for treating or
preventing a disorder ,or condition in a mammal, the
nmet hod conprising ad (stering to a mamal a
therapeutically effecti @mount of a conposition
according to any e OR'21. 23. ({He nethod of
claim 22 wherein the di r or condition is selected
fromthe group consistipg arthritis,
osteoarthritis, oste@ﬁ@rosiéﬁ scl e sprains, mnuscle
sstrains, joint sprains, joint strains, tendonitis,
bursitis, burnsg, joint pain inflanmed joints, skin .
danmage, véierain RENReRieR sanddk are gaghindenshdentiydd o am Riggnic
w nd- damaged skin, salt-damaged skin, scar tissue,
ag&r T8 8%€d wrinkling of the skin, and conbinations
t her eof .o phArmddeatitilyhecepidbletation, 22 or 23 wherein
treating the disorder or condition fo ri ses
al Ivéherein thegcomtposiingts fr@ulaadfon ippgR PI'P@IC&EI% rder. 25.
The nethod of any one of clains 22-24 wherein
adm ni stering the conposition conprises topica
adrmoni stTtpharmmacbtical bempeditiadofoflaiol B far®sr eumepresing atHeast
conposition is fornul ated for use as a cosnetic. 27.
Theongaadeflamaioyy 888t of cl ai ms 22- 25 wherein
adm ni stering the conposition conprises subcutaneous,
intranmuscul ar, or intravenous adnministration. 28. The
metHod SFhegriproaeuéal chmpostiopodaipwh &} ei 20 wherein the carrier is

adm pi stering the conpositipn conprises o :
IsadelFGTT 2108 TRBU D haLS BTy Shet Fum &olation.

22188\ e sibh e MFH@hulsiSn farh i Bion 3lipaAome, or a transdermal

phar maceuti'cal conposition conprising a

t haratgbeut i cal |y effective anbunt of a conpound havi ng

formula I1:

10

22. A method for treating or preventing a disorder or condition in a mammal,
20  the method comprising administering to a mammal a therapeutically effective

amount of a composition according to any one of claims 7-21.

23. The method of claim 22 wherein the disorder or condition is selected
from the group consisting of arthritis, osteoarthritis, osteoporosis, muscle

25  sprains, muscle strains, joint sprainé, joint strains, tendonitis, bursitis, burns,
joint pain, inflamed joints, skin damage, skin tenderness, skin pain, sun-damaged
skin, wind-damaged skin, salt-damaged skin, scar tissue, age-related wrinkling

of the skin, and combinations thereof.

30 24.  The method of claim 22 or 23 wherein treating the disorder or condition

comprises alleviating at least one symptom of the disorder.
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wherein: Rl, R2, R3 and R4 are each H and R5 is an
acetyl group; and a pharmaceutically acceptable
W@ a00si1ed086 sai d conposi tion fornul ated for topieet/US2005/011739
application. 3 1. The pharmaceutical conposition of
claim 30 further conprising an antiinflammatory
agent. 32. A pharnaceutical conposition conprising a

th f |1 ff .
L e T i R e s

sﬁﬁiﬁ%ﬁ%%fses 28lcdl &pARAUAGohavi ng formula |:
wher e )

and R4 are each H L is an acetyl
group, and X is ibuprofen or ketoprofen; and a

5 Do e e R0l SRS WP T Afipositinls RAIMARL fePRse as

aI g@ygn:;gtg a condition treat able wth gl ucosam ne
conprising: adm nistering to a manmal an effective
am)unt of a conpound conprising a first conponent

! Sl et b pfe SPARAR PSP ARG ol RTRALINC

ormJ and R4 are
e a@dihl éﬂﬂﬁﬁ@ﬂﬂ[ﬁlshy sUbcoranesuspingamuscudaroopintravansuan
opti onal | inking group, and X is an anti-inflammatory

10 agé@ﬂﬂnﬁraﬁﬂnrret hod to alleviate a condition treatable
with an anti-inflammtory agent conpri sing:
adm nistering to a mammal an effective anobunt of a
coapoundhe amgirddsifragy ané bf elaintoifhdhemerepoadiniartdripg the
linked to a second c?g)onent sai d conmpound havi ng

f oFARIPESIfion Coppfsss Aral BImIniflion. “pu3t " g nd TR 4
are each independently H or an organi c group,

15 29. The method of any one of claims 22-28 wherein the mammal is a human.

30. A pharmaceutical composition comprising a therapeutically effective

amount of a compound having formula II:

R2
o)
R0 OR’ (ID)

4 5

20 RO NHR
wherein:
RI, R2, R® and R* are each H, and

25 R’ is an acetyl group; and

a pharmaceutically acceptable carrier;

said composition formulated for topical application.

31.  The pharmaceutical composition of claim 30 further comprising an anti-

30 inflammatory agent.
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L is an optional linking group, and X is an
anti-inflanmatory agent.
WO 2005/116086 PCT/US2005/011739

32. A pharmaceutical composition comprising a therapeutically effective
amount of a compound comprising a first component covalently linked to a

second component, said compound having formula I:

5
R
0]
R°0 OR' @
RO NH—L—X
wherein:
R], R2, R3, and R*are each H,

10 L is an acetyl group, and

X is ibuprofen or ketoprofen; and
a pharmaceutically acceptable carrier; said composition formulated for topical

application.

15 33. A method to alleviate a condition treatable with glucosamine comprising:
administering to a mammal an effective amount of a compound comprising
a first component covalently linked to a second component, said compound

having formula I:

R0 OR! @

20
wherein:
R!, R% R, and R”are each independently H or an organic group,
L is an optional linking group, and
25 X is an anti-inflammatory agent.
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34. A method to alleviate a condition treatable with an anti-inflammatory
agent comprising:

administering to a mammal an effective amount of a compound
comprising a first component covalently linked to a second component, said

5 compound having formula I:

R0 OR! @

wherein:
10 R', R% R? and R? are each independently H or an organic group,
L is an optional linking group, and

X is an anti-inflammatory agent.

15
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