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osteoarthritis of the knee occurs in 10 to 13% of persons aged 60 and over.
Knee ost eésatcamotdted kareindyirplereases the risk of loss of mobility, such as
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invention relates to a nethod of treating a degenerative joint disease by
admi ni st @rcoplg in thedd. Sakihrenic ipainnestdistialivod! esteoefthets isvmitadiyuausast by

phar maceut jcal conmposition conprising DA-DKP, ] n aone, aspect, the.
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adm ni st rigbplenged6s hm @aki on. I n one aspect, adm nistration by injection is
by intra-articular injection. In yet anothe spect, .the conposition
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anot her aspect, the conposi'tio es N-acetyl-try
all of which have significant limitations due to adverse effects. Despite these medical

25  treatments, chronic knee osteoarthritis often causes progressive disability requiring total
joint replacement. The increasing prevalence of osteoarthritis of the knee due to aging
and obese populations suggests a growing clinical need for safe and effective local knee
treatments that will delay and potentially eliminate the need for more extensive surgical
treatments.

30 SUMMARY OF INVENTION

One embodiment of the invention relates to a method of treating a degenerative
joint disease by administering to an animal in need thereof an effective amount of a

pharmaceutical composition comprising DA-DKP. In one aspect, the degenerative joint
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(NAT), caprylic acid, caprylate or conbinations thereof In yet another
aspect, the concentration of NAT, caprylic acid, caprylate or conbinations
t her eof iwoOths/ssT8p0OSi ti on may be about 4 mMto about 2@cwmMS2013lom4pet ot her
aspects of the nethod, the DA-DKP is in a conposition prepared by renoving
al bumin froma solution of a human serum al bumi n conposition. For exanple,
the step ficabERRVIHE1EAR be by treating the human serum al bumi n conposition
by a separation nethod. Such separation nethods can include
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precipitation, and.,sonication In addition, ,the step of 20,renmving can be
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menbr ane ghcé Bvaty mMah&ekd. ar wei ght cut off that retains the albumn, and the
resulting filtrate contains the DA-DKP. In one aspect, the ultrafiltration
menbr &ne has dnpel @ticsasneel. die comnoskipn in begdminiercd by kmaousi n st | |
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t he pharmgceuti cal prodyc hat is administered by intra-articul ar
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product, fiHhéMBMpeigEy MATS cabrliedcid Ceprlyladd dondsiephaicteotallf iyef anofeet her
enbodi nent of the invention relates to a kit that includes a pharnaceuti cal
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conposi ti for: g?m’ i i by injection. In still another
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Anpi onTM Q)ngg{n@lﬁgﬁgtﬁ&)eogonbi ned with a steroid

(bet anet hasdne) /1 i docal ne suspension or injected with a saline placebo
conbined with steroid (betanethasone)/ |idocaine suspension. The scores
were conpleted at 6 hours post-dose on Day 1, 24 hours post-dose on Day 2
and 72 hours post-dose on Day 4. 2




Fig. 2 shows the nmean change in pain NRS as described in Figure 1 and
i ncl udes a repeated neasures anal ysis of variance (ANOVA). 5Fig. 3A shows
t he absolwoeotbidstBrence in WOMAC (Western Ontari o McMasPer/US2e1assiss y
Osteoarthritis Index 3.1) pain subscores at 24 hours for the treatnent
described in Figure 1. Fig. 3B shows the absolute difference in WOVAC pain

subscores at 72hdiR& etnto@Imd e f EHe%ﬁ‘{fféﬁﬁBﬁ 1 rinR&GhtitA) p'?écﬁié{ & prlsl hg. 4A
shows the absolute difference in f ness subscores at 24 hours for
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in V\DVACstlff ess ore at .72 . hours . .fo e tr.eatne desgri bed
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absolute difference in C function subscores at 72 hours for the
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provi des a nmethaod of treating a degenerative joint disease. The treatnent
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actin-dependent c el etal events, reduction in vascul ar perneability and

i nhi bi ti o9 ldda, 365 ﬁfalna}ﬁ)ridia, tass thau@@é@abieswhanépéﬂ)aabss than 5ikdpafaadess thanAs
descri beg5 nore detail below, the effects of DA-DKP on degenerative joint
di sease HaVé™been found to be unexpectedly long lasting and in sonme studies

wer e fsound t o [hRet arster hspckt, iR BA-DRIRAHRGDHafmiddatitts §rodfuct heEik0i ds.
The invention also provides for a pharnmaceutical product conprising a

DA- DKP ccpuristeragdrby HIIH@'aDNllBKFnJ eftiontiza sPBERROMRAY A pANEPRIFEONISY Denovi ng
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In still another aspect the product contains the DA-DKP composition that further
contains NAT, caprylic acid, caprylate or combinations thereof. In yet another aspect, the
20  concentration of NAT, caprylic acid, caprylate or combinations thereof in the product may
be about 4 mM to about 20 mM.
In yet another aspect, the pharmaceutical product, further contains a
pharmaceutically-acceptable carrier.
Another embodiment of the invention relates to a kit that includes a pharmaceutical
25  product. In one aspect the product includes a DA-DKP-containing composition
formulated for administration by injection. In still another aspect, the DA-DKP in the kit
is prepared by removing albumin from a solution of a human serum albumin composition.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows the mean change in pain numerical rating scale (NRS) for subjects
30 treated with a single 10 ml injection in one knee of Ampion™ (<5000MW fraction)
combined with a steroid (betamethasone)/lidocaine suspension or injected with a saline

placebo combined with steroid (betamethasone)/ lidocaine suspension. The scores were
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for adm nistration by injection. A degenerative joint disease is a
gradual deterioration of the articular cartilage that covers joints. A
degener atwoeoj3nisst34di sease (osteoarthritis) is a noni nf @CTiusa®i2pFAgF €SSi ve
di sorder of the weightbearing joints. The normal articular joint cartil age
is 10snmooth, white, and translucent. It is conposed of cartilage cells
(chondr ocyhfdied SREEIARIp bR dBsSRPDSE 1| 244G IBHSsk-boSBAEDLY 2 6RA hAGERs pBEOL €1 N
pol ysaccharides, and water. Wth early primary arthritis, the carpllage
becones ydeis¢ omwDapd. opaque with | ocalized areas of softening and roughening

of the surfaces, deggener at i,on progr.e he..sqf.t _areas beco cracked
and vior . expddb i ORIt TPHES ERPD Nets dFRaiROALFHER BRGIRLdpeH

15r enodelrepdagbd MEAsBRS BndlsisleNedriaicoMiNevVay renrining cartil age begins to
fray. Eventually, osteophytes (spurs of new bone) covered by cartilage form

at thé edge ofFigh¥h plsiwitthe slesohue Hefrenar MBI MAcr Wagers, Ontiieo deMasteige needs
repairing....The. car - S - r :
sponge-li]gygggf?§&g%§gﬁﬁg§%%%%Ziﬁ%gggghﬁgé :%gg§¢§§6§ﬁ@§%ﬁ8$tFé%ﬁPFditself
The cartith&garbds no bl ood supply to enhance healing. The majority of
20degenerative_joint disease is the result of nechanical instabilities or
agi ng changes Rigt3 phovydhs absatute qufferencs &) WEMAS] ppin gebsaige plerZaiquistor
arthritisy, HQﬂnkﬁt&%Hﬂ&%ﬁn%” [vidual's, may be the result of injuries,

brui ses, abnormal joint configuration (i.e. hip dysplasia), or nechanical
wear 10r om ant dfig.o¥A shraves tht ebdolgadeference pt W@MASastelieas subsoats @24 hours
osteochondritis dissecans, far. exanple. Degenerative joint disease can
occur atngwaﬁ@ﬁRmﬁggﬁnﬁﬁgmﬁéa eaIi'ncluding without limtation, knee, hip,

shoul der, handrigMB §RjWAGhe absolute HPRYERE iirPWMR@&tffﬁfe@éﬁd&@r%st ?@Q%Biu%s for
a

degenerative jornt disease include acetam nophen, nonsteroi
anti - i nf |fanthattsaymat depsribedSimi dS)re Inar coti cs, and cortico steroids.

ymtons, - 30auné T bbr GedEor ey fifa Fu SAIBA ARCURET R s

conpasi t i fapthe erptmcht A&cEheIiBfretine i nvention is adm nistered to an ani nmal
in need of treatnent. Preferably, the animal is a manmal, such WO

2013/ 055734 PCTiigSidamvosba ssolse diffesimse in WEHMAC @ogtionsbscdioy 8 d2deutsuman.

Effectiv %t%? with the severity of the disease or
conditi oﬁr,opﬁlt%ﬂgl%rgtou e?g%CEB’%@%dPé nri)éslt'rati on, the duration of the treatnent,
the identify dfigahshodishgiotehtiapserlo@l mige acursai stered to the animal, the age,

si ze and species of the aninmal, and |ike factors known in the nmedical and
veterinary artidg G ibemepechanggipanasgineaseosy pl SeReCtivivie Aot B8 provi des a

! Ong'z'oasttié&%n&ftfd@&trib%‘j&1L°'i ul%YlUKtL%taﬁfcds fSAENeLAktae | 0o nt di sease, one

aspect of the present Invention 1s that the cohposition conprising DA-DKP
may be adm ni stered DEBAIANWD HISGRIPBIQNOK THE INVENARIEN t han woul d be
t he present osition

expected for nventi onal therapies. For. exanmple, 0

can be adm ni SHEMEECROHOLEN PROGIBHTS e e GHaE « d5emp s KB once 10
every fi veeRAldkt cOMBAsERUBMNiftQH g IDdTREVe ANGEt BY & bMarhfit&RicAPNt hs, once
every two nonths, once every nonth, once every four weeks, once every three

weeks, orrogpeyigioy comprivieghspatyl-slanel dkdegipeesike (PheDES o ndondust t he
present invention,conprd Si - DKP I be.adm ni.stered to an ani mal
DTy (YL R AP Dt B AR R SR 8 e

| ocal |y, dpregnh&@hdhL¥nHisition of Mbjteed profinfliMinatorAtitokinkarchémplaass M,
intravenously, intraspinally, intraperitoneally, subcut aneousélt%}ie or
i nt r anus cigrakpg molacples sHide Mansayiptian deveb prluhitiop of thoymigrationegnd aslhedont

admi ni str gt 4l S IH&I{O%S’%E:[ Ac?i'(”t? Lt Yl (?—%E)ﬁpqu protein receptor level, activity on
actin-dependent cytoskeletal events, reduction in vascular permeability and inhibition of

30 inflammation induced by platelet activating factor. As described in more detail below,
the effects of DA-DKP on degenerative joint disease have been found to be unexpectedly

long lasting and in some studies were found to increase in time as compared to the use of

4



The conposition of the present invention nmay be a pharnmaceutical solution
havi ng a DA-DKP concentration range with a | ower endpoint of about 10 iuM
about 20 wolp13aB3sambout 30 i uM about 40 iuM about 50 | e®/iBbaatsaEssi uM
about 70 iuM about 80 iuM about 90 iuM about 10011.1M about 11011.1M
about 120 iuM about 130 iuM about 140 iuM about 150 iuM about 160 iuM
about 17Qud.&iNk about 180 iuM about 190 iuM about 200 iuM about 21011. 1M
about 22011.1M about 23011.1M about 24011.1M about 240, about 25011.1M
about 260 i uMThebovntip Blsp phgviddsdorta PBOmaceMtica ipoducP@nririsiig alBAuPKB0O0 i uM
about 310, 25 .about. 3 | bout ,330 i yM about. 340 i uM .about. 350 i uM
Shout 36a°nRrRaBobee BRDRI el Bt e SRS Ry R o P SR T80t 00

| LI M TheoGeisRes htmens@imtalinghesent i nvention may be a pharmaceuti cal

sol ution having a DA-DKP concentration range with an upper endpoint of
about 5600 i uMThetavantiggelsp prgvidasder kisqaprisnig BBAGPKBEompantion fsmulas®sn i uM
about 54Q.j . ahou ] about 520 iuM about 510 iuM about 500 iuM
30 aboutqﬁg%h$ﬂ‘ d%%h%fgﬁﬁgg$uwl about 470 iuM about 460 iuM about 450

i uM about 44 duddneabiodjoirtdDsdasMs agpadial d€ridrtifidn frbeibrtddBr tarlagabout 400
iuM about 390 iuM about 380 iuM about 370 iuM about 360 iuM about 350,
about 340h3teOVeralyne. A302snGRtvaBHRINt dissass MyteoriaEl ApCToNIeei 059455 320

ILIM ab I 1 LM - bout 270
ILIM Sbabes Aﬂ%%ela[g e %H’%Jﬂ, Gl ?Bgﬂ%wj%‘ﬁ'ﬁ‘?mé%%ﬁ@g% Y
about1022GnidotHyiwhitopartd 2iBlubérttMt isconafoeed o206tilhgd ddlls Achoafifegtes vientadoeit  of
DA-DKP in the conposition of the present invention for 5 treating.a
degener at'P PePPHIHE < dPaExgRAdg 0t e%l#&efi RtcERpP B ceharidhy @nw@wra\%%ﬁgﬂy

endpoi nt Bfm AP QHhritk thdtStiBROMcotrRs Yt w BRPYEaqRO withdocaARO  hreddoft Ug, about
30 iug, about” 35 iug, about 40 iug, "about 45 iug, about 50 iug, about 55

i ug, aboubfteding agd ragbertingsf thagurfadseuts degenergtioraprogtes®s, thagoft atvesit 80 i ug,

about 85.iu about, 90 iug, about .95 iu about, 10Q, i bout .110 i ug,

Sbout 150Fehe BRE antlayot DO ome b i e hade The S B8 it ue0 %) g,

abouti517Geinl@e] and @R in dBRity ﬂea@%k&nalﬁﬁ%ica&ﬁ;ag@tb@ghhs ZDRay. Wen@hopt 210
g, a

i ug, about 220 iug, about 230 iug, out 240 jug, about 250 iug, about 260
i ug, abomstewbytﬁmépura@éuewbeoe)iqqg,ereéﬂaw@mm fping at thp edge G0be jaigf; Aabout 310

i ug, abo U t 330 ] 40. | [ ut 360
v, apodpedaiichiear BRSUAeSHE: daffle ARRHS reffinatBhe itttk 3E ddiihafDR T 352
iug, abouyrodia@ ehoigh Ethbdtitpohgd liktl ghadtix atiotieref?O theufimaked addialt omnoan

ef fective anount of DA-DKP_ 15in the conposition of the present invention

for treatFPRIr docHedBretElags bag v Moodpupdsto eyharesdyrtingnlieamalmEtyaof ange with
i A ] ! i 4 i 470

D 20p o Rl (RO eROR Y feuuROPiccitegh ibRRRWY: B bhihecBREHE 870

i ug, abouhe it Thignchoesbld4e degeperaboutrth880andign yabgat indBodualsy maglbout 370

i ug, about 360 iug, about.350 iug, about 340 jug, apou 3Q iug, about 320
oo b oudhe Bgtph B obibishaordiial BossnieSete s hRrERITIB0o Uy about
270 1 ug, ARYYAicACPear ¥iDm MO r ARGath Mgamggggl%tm?fggaﬂeﬂ'&luﬁ@féﬁﬁ or230 iug, about

220 iug, about 210 iug, about 200 iug, ut 190 iug, about 180 iug, about
170 iug, wtrochont6ils disgrcand bertexample. Udpgeadyatine jou0 diseape caboeaur 43Myijeigt about
120 iug, .about 110 Jjyg, ahout,.100.iu about, 90 i about. 80 iug, about 70
g, Hbouf WhadigelBis Rt g o Bre B thyihigh dfibd 387 or “about 20
iug. 25Dosage &iveBtidral phdi@ad @Bt dherBicd foRr BSHBEMABY e RATIdNadiA¢lLAN Of
conpounds of the invention include powders, sprays, ointnents, pastes,
creans, |asetammophepnonsteigida peshéflapmaatpiesdru HB$. napgpsicacmidve i ngredi ent
may be m sterile conditions with a pharmaceuticall y-acceptabl e
carrier,C%%%D%?%ﬁ&%ny buffers, or propellants which may be required. 30The
oi ntnents, pastiest” Breadhkeréindo grhs tomylucqthaily or parti@tidithd gmptems,he active

i ngredi ent, excipients, such as animal and vegetable fats, oils, waxes,

par af30i nsduration of geverifngfzedipiae: cel | ul ose derivatives, pol yethyl ene gl ycols,
silicones, benfanNitE8acestidd CbGindGh e d_Bkp j ; QL M xtures

t her eof . }%gjmgergscegﬁéﬁ g%r gésg l(gﬂa%o cl%nst ﬁ ]lgn gégli%'t]ﬁgenn 1?’0 1%nhe active

i ngr edi erddmieixierqali teah ansued i asedl deteatseent.t Blefsratdyy | the biinat isdy, madoal, such
hydr oxi de, calciumsilicates and pol yam de powder or m xtures of these
substances. Sprays can additionally corgtain customary 5propellants such as
chl or of | uor ohydr ocar bons and vol atil e unsubstituted hydrocarbons,




such as butane and propane. Transder mal pat ches have the added

advant age of providing controlled delivery of conpounds of the invention to
t he body.w6uets/dssage forns can be made by di ssol ving, ®CISREIR2/089465

ot herwi se incorporating one or nore conpounds of the invention in a proper
10 nmedium such as an elastonmeric matrix material. Absorption enhancers can
al so be uggdabl, LB 885 @at NErsE bHXuRin. I GOEROURE aRBIRR SndyNar i theThe rate
of such flux can"be controlled by either providing a rate-controlling

menbr ane severdy 9pthegiisegsa dreconditipothd raute(s) goldymeistrateoms the duratigslof the

Phar maceuti cal .c si.ti oghs of, this invention suiitable for, parenteral 15
e S S g e S T A R R AR R
conbi nat iMa spédids ke MimaD bed ARAFIREEKidvaRIn the aeaRRL Al \Rt@ingfy 4rg. | SOt oni c

aqueous or non-aqueous sol utions, dispersions, suspensions or enulsions, or
steri be powderBeoamicdhe tragimgat ¢fdbopresint inveatiomproviice p lang-lastjnecaftest en the

ot Tor s, WBPPASAILARRLCHh FERE b 3% ol R n SO 0B 0o 2001

t he i nt endeghokieionh poptisiog DeUHEKENGlaN P adminidtake w ngarA@anitdonger time Exanpl es
of suitabl e aqueous and nonaquequs carriers which may be en*%l oyed in the
phar maceuficeals @wegkdthecﬁweg?d of §OnYRRERRA] Sierimey. Jirs cramRle, the PRAA]Y) |

pol yol s ( : o I and the
Ticdy a0, Bp PV Lm0 BIRR: ALy (RRIONET DO e R MR S ec 2751 1
and i10j ecivalyl feveomgaths, ones terg fous modntlas owtchyveryothemtraont2E Bnopevery twi dity can
be naintaineg, for exanplﬁ% q%fthe se of coatin? nFteria S, such as

| eci t hi n, B0 RBCHRIHY BI94T: BNV EREOPEY 6 e G AV FIPEC N LES PRt A¥ L ase of
di sper si aRe w@RfoP¥ndcRecyseeclf surfactants. These conpositions nmay al so
contain adjuvants such asS wetting agents, enulsifying agents and di spersing
agents. |t maylhslopositide sf thelireschioinverdglondemipsising M A-L30Rgents, such as
sugars, s%dLunlc uorideﬁzﬁnd.tQE u'ke in the ¢o ositigna..Ln ddition,

pr ol onged“ABYSFH ‘BAN SRR &1 H) LUt BHPRY PhARRHEEEITRYF Of BT br ought
aboutysby ih&l@dihg%daﬁ&,%r@fteramﬁ;&g, WhYcEbn, detrayrtREBeIHdton, BHevenagsigl um num
nonosterate and gelatin. WO 2013/ 055734PCT/ US2012/ 059455 n sonme
cases, i nngpsperllyongprsrdensatineubeytancoudy, & iarapuscitarlyy tigasderaplle abé sl ow
t he absor.npf. o] f . 1Nt iscul ar injection.
Thi s may tg]élcgalg'Con*BF%}glﬁéeHdl% §§? c{f%g}n E@%?%#ﬁg?ﬁlﬂ%ua%cd%%gﬁe%@on of crystalline
or anor phous rEicafonfplositian ofithepaesenwiat @ftiod@haybhd 4 pharmadwticaltselutibn absiag pt i on
of the dggﬁ t hen depends upon its rate 5of dis?olution whi in turn, may

ch,
depend ugoAcPScancairzdonigee S edPVPReNdpainP! aoubt G- very), 20deYlay ed
absorpt | oo 3PuRRLEAK 80 AMYmAA B0Vt SR 60140 a:béllngﬁﬁﬂqp%o%:ﬂg? RY, about

di ssol ving or suspending'the drug in’ an oi h ct'abl e depot

forms ar S0nedealippt 100 pvhgbeitdr 6 et apsul 20y atwes 13 uivhebalrt dgo iuM, about

ratio or 120 Gl e bt TAR M B 5P T Bl b el PO ey
enpl oyed,aphie2 11081, QJou@'Q%(Q;iLK/E he&R 230 aM ko sonfor, ! &fut REARSRD501uNL her
bi odegr adabl e pol yners i ncl ude polyéorthoesters) and

pol (anhgdrides).
Depot i njabenadila¥lorhout 371G pivs abous 28 W,wbema?}%diMya@Ntﬁ@%pMmg Quélérug in

| nf ocbapl oL g P DA DRV 70 B AP Bn ekl SR vt 4R 70 r ough a

15bact er i\af; 4Rfued 80 0N, hbdut80 uM, or abditet0b @MIUTTAE t@nsositiy dFehPprs@nt ed in
unit-dose or multi-dose seal ed containers, for exanple, anpoules and vials,

and nay DBVEigR &hyite sphayppeutical selubiemBpdng A DR cogewrtipntmecaddh t i on of
the steri Lo I I I RjreGL . i jately
pror ¢ o BaPbAdoREbEIRL: OLNENRTE R0 WM Gbolu70) 2o la WITRALE! 0

pr epar ed 50N 20sues4d gMpebale 530 uyf,aboltesR0and, dbabt Br0suMdf aidve 50§ pd1,descr i bed

above. Kits canprising the pharnaceutical products of the present
veri orfbariet . St Hba. she B0 b ol SR AR, B a40 on

f or mul at egvif Qio,pEH0 VS hbH 490 LRY, abBleA O abbie4ddAELLRABOOGNVP80R ed as
descri beg’g\ﬂ’ereoiun, s% as by #erﬁ?v?irllg alm’rﬁln fr%a’soﬁt?oﬁ Gt a huran
al bum n A®0Gpodd| abioon3 70T, kbdus 366y M @howti 33 Ouationt 340 uM, about 330 uM, about
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25dose or multi-dose seal ed containers, for exanple, anmpoul es and vials,
and may be stored in a |yophilized condition requiring only the addition of
the steriwe2bigpssb4carrier, for exanple water for injectrcons2enedsat el y
prior to use. The kits may also be stored in a condition, wherein the
contents are ready for direct use or injection. Wiile it is possible for a

conpound P IMEHBLESRNEM, BYRRBOONM, Ab8& BAMTINII ot 84D, 300 RRIPEM, IdboiS
preferable to adm ni ster the conpound as a pharnmaceutical formnulation

(conposi t366mM, abeet piHhwMa eleant 246 LM ehpai30irdhsabofit 22HeuMnglet 2ohubbopri se a

conpound g)r t::@bp%nds of the invention as an active ingredient in adm xture
wi th one GPYnbrd™ WD 2013/ 055734PCT/ US2012/ 059455

phar maceut i cal Ay c@sgaBhaARLA SFADAIBKE iphd coﬂn@béiﬁ@@bfﬂ’le préstit i@ tioh forr e

ot her conpounds, drugs or other materials. Each carrier nmust be

" accept abfaating p degracwine winfdissasany copdipan ra1 ke aanke witk adewer cridpginéaf ent s of

the for i I NLUr ] t i .

Phar nac gb%%?%ﬂaﬁh 2 gg%@g?&i% Lé%élérgg?té’r %03?25 aglalrg%tn%)v%’ iaPlo%tﬁg Her ¢ t.)oul&g%ar dl ess
of the raquiebaft 45agnibous50 agj Aous gE taboyt AN, abrpP 66 Pgsateiut Thgg pibesent
invention are fornulated into pharmaceuti cal | y-acceptabl e dosagle forms by

convent i ovate ARYY S 412k pRRMA 52 821 aheEIbre.alpyt 95 4e, ehrut 4 PP negheut ElGyue,

Rem ngt on; r i j Shit f F nt
ovent! on o PR M 136k BOENERRs JpS STRE LT e IRDIOIET. aci o,
capr yloat ebont kSO, Akt dHG g eboet00Re hbsw Rl § uet deul 2 Cogpbsitt230 megray

conpri se T, ositions of th resent Lpvention havin caprylic
aci d, ca;ﬂ[]\j@\ﬁa%‘@o@a %’ﬁﬁ?ﬂ&& %’Hgtf eted Ouﬁgl)z e %Poﬁh%ébrﬂé%ég?@p H€onposi ti on
havi ng a N6ds 30091, ¥bdut 386 Lg, avedP3d @&, ab&Ut 3801 M&Wﬂ%,%é&@%o g,
concentration range with a | ower endpoint of about 1 about él mV  about

3 mM abaobbutBodivle, abou 876 ngiboabit ub ahdut 380 agt abouhdl0 wheboutd2mug, about 9

about 15 H0H Betie A0 v <ARbod Fonbe. BEulblors Rl fHtord oA g Epout

20 mMis | rn @gkddonhRRitiod dMBARSHrEdc@nmveltidner RESMENtdebBimeitvieQbinh@ivéaRgoNAT,
caprylic acid, caprylate or conbinations thereof nay be a pharmaceuti cal
conposi t i@AdINAY caybRa MaEBe Walkipppri endaeintiof dbapt 00 e abputdIRyignehaqubhE0 Keer eof

concentr atl 1 e int.pf a t 39 MM
Sbout 35 ehAoe Sl by 8D HERCEIERAY 4B L ROt 4D DMbo R T
3g mvl  ahbbotit 431% up\Vhba@ahd0o pg,tljabﬂM 3%@4%@% 38Mugazihmut3ﬂ§pg1%oa@60tpg2§ mv
about 27 nmM about 26 about 25 nmM _ about 24 about 23 mM about 22,
or about abﬁumowégwré%yg, aﬁﬁét %@d&%ﬁ?@é@?gﬁgr%}?%ﬂ%“%ﬁéﬁ‘ﬂt A0 t 0 about
20 I idp I £ 4 f res i i | so
R e R e B e RSl s R o

par acet oatoht)230qrg, abdut 220 fLksaboat Didyug, sbah 286 getbvantihas aheyt 130 mgst er oi d

ti-infl t NSAI, Ds t ami_nqphen,. i bupr of en, ,
ond or otier Sepratdedgs, doout 150 eeRhd Bn Eninenb Mtk b B nes,
such as DoKR0 (@ sboMel1D0 kBOoWAE 90 ihebaitso @) dbd g0 §eMBidie8s LB oRESO

enpl oyed to synthesi ze the di ket opi perazi nes of the invention. 30See, e.g.,
U.S. Pat et sbows 40 ug, govt 8@ g, @ 2800, 2034 5, 990, 112, 5,932,579 and 6, 555, 543,

US Patent Appldcatien Publicatio unber 2004/ 00241.80. .PCT appliecati ons WO
06/ 00391 and’ W6y Fmas hf Brichl pn IR At tORp e Ora @R bEfber o 6
2369- 2374n{ k988 InclideroWacR) §RhPH Dindh B/ 145120 1dé I fbvion s QB! &llgridhsscl osur es
of which are incorporated herein by reference. For instance,

di ket opi prafckes.sed drapgc Hha gctpyg ipmpdicpiinanbe proeggamdar Higrile cprditiansmviteai zi ng

di peptid I i . : i y . in the
art - usi ng Eig HcBSELARRIEBDR 1R QhERY SRR o TR MRS ich HR0Y o no

aci ds. 5Reeiisxd ed are solid-phase peptide synthetic nethods. O course,

di peptides are_al so avail able comrercially from numerous sources, including
DM  SPnt hesi s LHePINtMERSgp3sfes, giramy %&% oK cpRiaingin additippedo lchctivg St .

Loui s, N%@?f'eﬁee&éggieﬁ@%{geﬂwmhﬁf%(ﬁ&egeab&efa{sxoiﬁb?fag@s?g&&faffﬁgl _ﬁarch,nc- :
Bel nont , custom synthesis), Fisher Scientific (custom synthesis) and
Advanced tGizecahighc leellwlose devivhiiess, pOlyethylene glycols, silicones, bentonites, silicic acid,
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100nce the dipeptide is synthesized or purchased, it is cyclized to forma
di ket opi perazi ne. This can be acconplished by a variety of techniques. For
exanpl e, WoSo13Rasmat Application Publication Nunber 2002C00BR4M8054965cri bes
a nmethod of cyclizing dipeptides. Briefly, the dipeptide is heated in an
organi c solvent while renoving water by distillation. Preferably, the

organi ¢ sQkeaYincSxlc VBRIt f9rRzeotrope with water, such as
I al '

15acetonitrile, allyl alcohol, benzene, benzyl alcohol, n-butanol,
2- but anol , t - Revaleod andapetys cameindaibunyddigive tg theachoningesdreat ek oipicats,

chl orobenzene chl or of orm .cycl ohexane, 2-..di chl oret.hgne, diethyl acetal,
di ot by 2060 BoigRePIE TGS RIFRORE by reio s BRSO FS iR adtieSne.
3- pent anglowdePbiRNRuIRNO h¥iiBstaddte. BAPSEA dlidaictanebeiaiatubbmatyeact i on
speed at which the cyclization takes place and on the type of azeotroping
agent 5 20ropdigntsheh gsehidarpBroroBy dipesriegnaising velatita lélﬁubililttméff hggoogbans. nor e

r ef er abl - ' range in which cyclization takes place can be
gasily dé%gg%wégg%§H@H§0%%¥SongskiIIed in tKe art. It will agvantageously
be 2-9, prefermbhydednal.patches havdhienaduee advanpiclof pfovidieg asitrdlcddeliserpbft he
di peptide has, or |s derivatized to have, a carboxyl group on. its. side

b .
chai n (e.§Mpoyaggfitheinyentipngp thy brdyniSuich dpsige ferms can bepradady idissolspiget er abl y

cyclized i N , ) i N L hepti de,
Wih tne GRSETRESIAREME b ol POe Mmoo of Bic AL ior R E pfR
condi1oi onseditinpsuchlab yn ckabtemdiip eptiidmatwirial. Aksongameshhatcefs amatdodietus80C t o

about 180C,. preferabl about 120C. The, solyent wi_ll be a neutra
eotvent - Tgindians flediuoffthe SaBM R AcTRsy Mok | Fats Chretr B Bien as
butanol , FRirhRQOhy eiﬁkh?ﬂ)@idin%ﬁ‘ %t@k&f’[ﬁli@é £8R8lSie ob Hfsp&@fng@ﬁheéﬂﬂlﬁoﬁﬂ% an

azeotropic 30co-solvent (such as toluene, benzene, or xylene). Preferably,
t he al cohapolymetmatan-o2gol., and the azeotropic co-solvent is toluene. The

heating is con,inued until the.reactj.on is.conpl and such tines can be
determned enpPIsryo Fympasioh oS mupigt it PR EYE s zed by

ref | uxi NGhdintinik@4tical @uinplsZéhech@Wicre cOMPb@IdR I Yheah@ditiod dn bordbinatid wahl y, the
protecting group is renoved fromthe diketo&%perazine. I n doing so, the use
of st rondPaer dr¢ pharmaggutigelitaccenigbly stsile ispiontd aquepusty deBEHPEMSc aci ds)
strong b . (al kal ] b o |\ i di um

hydr oxi diaﬁﬁ%g%% d F%SQO%%%Bﬁ%%swéyégeeﬁ@é%?ﬁ?e“ﬁ% ?ﬁ%ﬁ({eﬁﬁgﬁgﬁnﬁa@% hydri de)
shoul d beaecamsiithed, intorsteaile @fjedtablevolnfi@isor divgesiving flst piyorad ubdeviiicinmby
conpound. i Di pepti des made on solid phase resins can be cycljzed and
rel eased PPBH M@er@gﬁénbwf?%ﬁ@lugftsez&wls@@,deréﬁ@.?qmwfagonnﬂoﬂt%@ w9 thasbiged, 751
For i3t 851G intdiod RipTor Y elin Bt icheliRE aglrpept | de attached is =
suspended in toluene or toluene/ethanol In the presence of 1l0acetic acid

(e.g., 1% or Exangidsydfanitabde {qiegus andgonaduaoire edrtiyrs wiesh mag pe kimphtyicd m

condi tion re preferred for. their faster cyclization times Q her
mot hods. GFC BYETTGTHIGe OBBRE 1 BBRO LG DT He T G 8 PRl Pl 22 1AL U5 nown
in the ardiy@ps, ﬁr%?yl'éﬁe HIS86, palytthgicRE ERBSI2AAPIMC Bke kel RRLRENRAIBES usef ul
in the practice of the invention. See; e.g., those references |isted above.
| n addi t itbereofrmegetabieipike swughi seliag pHeandsnjectable@rgamic esersisuch hecthyladeate.

i nvenf.i on, can e ..made .as _described bel gw.fr.om prateins and .peptides.
Fur e PR e SR Tnd Ra L P RO BB RECHRSEMEN S can be
obt ai ned |g&athiE g tA htintéranite &F tBe reqiYbd ?&M&ﬂé%ﬁzﬁef‘m tetbase &dishekdionsMnd Bist om
syntheS|sL. The DA- DKP conposition and/ or products of the present invention
can be 20hprwm{seea¢tanin sol utions containing DA-DKP, including fromthe
commerci al l y- I I i . (W risi al bum n, such
as human seruﬁﬁ%%%ﬁ%#ﬁ?ﬂgém&%ﬁﬁﬂﬁﬁgﬁ%mﬁggﬁgﬁg%ﬁggg%gggﬂﬁﬁgbg’iItration,

chr omat ogmaptifyifg sdcne-adaliypsisary Grnemit gy aphpe (eigble tCariudedanonic
filtration), affjnity chropatography (e, g., usjng a columm_ of_ heads having
at t acfed %gﬁlétlsegﬂlﬁfl AhSUeAtS Vn(‘}g{oélﬁ?i gdhelikeinthe FUmPQsHIqns e Inyadditiony

di ket opi peERALAELRSrpRbN BPHRIARLLDR BhaRacBiMdaPRAMSRabE GioLEH abButien
truncateﬁﬁpro%ein &? pgptﬁﬁe@, anigﬁae;%hange or c???on eggﬁange , gucrose
gr adi ent isénsion bfiggenisonhicle Helayralvsogrtaphych sadltmpruet monostraemndgelasioni cat i on,
that will renove sone or all of the albumn in the solution. The resultant
DADKP- cont ai ni ng conposition and/ or praduct can be used and incorporated

i nto pharnmaceuti cal conpositions as descri bed above. 30Usi ng an
ultrafilration separation nmethod, a human serum al bum n conposition can be
passed over an ultrafiltrati on nmenbrane having a nol ecul ar wei ght cut-off
that retains the albumn while the DA-DKP passes into the resulting
filtrate or fraction. This filtrate nmay conprise conmponents having

nol ecul ar wei ghts | ess than about 50 kDA, |ess than about 40 kDa, |ess than

~r~ 1 o I ~~ 1~ o " I A~ 1 o T I T



5 <5000MN fraction or filtrate contains DA-DKP which is forned after the

di pepti de aspartate-alanine is cleaved fromal bum n and subsequently

cycl i zed wot01d3e73di ket opi per azi ne. Physi ol ogi cal | y- acceptraisb@2ead455 of the
DA- DKP of the invention may al so be used in the practice of the invention.
Physi ol ogi cal | y-acceptabl e salts include conventional 10non-toxic salts,
such as sal ts [&pinu@akekiRWddr 98 PRy BE LSt b8 HaR A% DY QGRS the

hydr obrom c, sulfuric, phosphoric, nitric, and the |like), organic acids
(such as asaviien opthodiugifirem ssbwitingpes orghiyaohscolar syjecione Thisavay bs mal i c,

tartaric, citric, glutamc rtic, benzoic, salicyli oxalic, ascorbic
aci . and tHEPHTREPY die i oLe TR s PR ST RySURiTes SoigyR ARl Bl

bi car bonafa@ingfpodr AR BRAGEUt). CEld MtcaFGBRIrptbEoNRE atugthéd @dpehdls @odaRirste
cations 15 derived from N, N-di benzyl et hyl enedi am ne, D- gl ucosam ne, or

et hyl énedifaissplajion Whechs H g, arey dsperpsbnsd arystal szemoe abistAdlc faehner, e. g., by
neut ral i zj r r 0 . W .aci d
nerei o, oL, A8 AERR o RO ol R R R B Rl BT

" conpri sidigolvimcorusponidingi the thgiin asoipehiald  20narrower terns, such as
R e e o
"conpri si:png: . LSt e | . ! i sephrase
T ¢ HaedsERARAOREcR (SR P ol BERAL Bo BECARRE Tiorhdibe B g B 80P Ooe
t hat 1@o nivtg toapadyined, hyd tikfnettre bhthe Ipagicalaapaymey eplolyed, dlot ekd stdrog of t he

i nvention disclosed herein.. . 25Additi onal, objects, advantages and novel
[ eat ur oo TolEeRITN I CORTRIRN FSHEPEA AP BB Lo ERE B W hose. oki || ed i n
the art by ReABARESLhEPoR adhhErida) ] D%dwxgg&gmb 'féﬁﬂdldiﬂ)nﬁ%ﬁrﬂl’ioleﬁepéfg@

fol l ow ng experimental resultS are provided for purposes of illustration
and are rotentmpeingéde drog i pdsomheosmispecnuflsivhewhiehant ¢opmatiBlAxih Fody 30

Exanple 1. A clinical.trial .was performed. o investigate.t ef fect of
oy o st SpiedhERlapfsiralbrial SRS SERE o ERS b A ik B F o ol buri n
(al sasr eftRefcgdl-tetui 2023/ 055734PCT/ US2012/ 059455 herein as "Amp i on Tm')

for inprovi ngﬁ}oi nt function and reducing the pain of osteoarthritis of the
knee. A randon hedarmyptienspeayckmpresinfeddn uadueseonnpkiddoss spded eantaagrgly wi t h

60 evalu j e r-opri . i . tjmate the
treat ms\nt6f18 %e agﬁ)?é’gﬁ{é)%g'g?é?@t)%fs ’ ?%@2%gg6%?gé&%ﬁlé\%ﬁzﬂg@%laﬁfa@%ﬁrj&gct ed

i nto the millythy akdieien ob Biei starily ligi[d @airicy,&for example Watet forésjeetipat éntbdiategduct i on
of pain in subjects with knee osteoarthritis of a single 10 m intra-

arti cul arPTiRRRY S CBRATAISIH HUSTHEN SSlHHOMAANE SHRNBANT BAH DR BEFPRTed Hrom

| i docgi n i i <5 0 0 OWN Fraction
com?%ed%m&?%ﬁggggﬁeﬁﬁé%ﬁegﬁggggﬁ%%%&%@?gg% th a saline placebo
conbi ned 10 wiKits ¢ondocaigteé peirarmettimsiopredsiisplieths ponent Secohdanse allv) ect i ves:

To investigate, joint. function and pain in subjects with knee. . .

oot coar r rppet) he el SaPiy Y RePRkE ot grluia st e iootyy,

Gst eoar t Nhjctiich. (MAMREIDK PREX bé BRbhREMSs Bbsclibed herVml Liudatak 8 r&théidig of WOMAC:  a
heal th status instrument for 15 measuring clinicaily inportant patient

rel evant aungiorfesn g olatien phebwaen elbumiycanpastjoy. | Rhaiatsi raast eonfdin lnit-

hriti . the hi k. .~ J Rh | 988: 15; 1833- 1840 f
O e | Moskbomli-iS sBBs vl BES, for e TR And TR, 0 BT B 30HY ' 2

| i docai neh lae%@pmma%@ﬂdiﬁ&usdq@ﬁﬁigmhlﬁmmadﬁdn\&ftﬁ@ skdiite 11§uiQ crri ¥y Fracti on
conbi ned with bet anet hasone suspension or conpared with a saline placebo
conbi ned SXempjerHatey 196 EugGhien HietaeBatRl 108 e usep disikifh may also bepiprpdhifest i gat e

t he requi { I | . jects . w.th knee
ost eoart thO??ﬁs%’ %ﬁ?{rg&ﬁg&%ﬁ%ﬁg gér:é%{;dr(gq grr %Peccﬁjff%r&ﬁfﬁlj%gc "on of the <5 0 0 MW
Fracti on conbiWede Wit podsibitofoa b reimpetmhetthapesent snigpeos todse clonipateesti wi t h t he
<5 00 0 MNFractign conbd' ned wi th betanet hasone suspenfsi on Qr conpared
with3® s a’]l(?rﬁ)eltﬁq %r@%b%ple to administer the compound as a pharmaceutical formulation

(composition). The pharmaceutical compositions of the invention comprise a compound or

compounds of the invention as an active ingredient in admixture with one or more

9



25conmbi ned with |idocai ne/ betanet hasone suspensi on. To investigate
the effect on the range of notion in subjects with knee osteoarthritis and
limted rwogelsnisstsati on in the study knee due to pai n amdTiustéianssss on,
after a single intra- articular injection of the <5000MV Fraction conbi ned
wi th |idocai ne/ bet anet hasone suspensi on conpared with the <6 0 0 OM W

Fraction p?QnﬁéU%’Qﬁéh@lS‘-é%éﬂMh@E%ﬁ@ﬁsQﬁﬁPd}ﬁioﬁMﬁQ%ﬁ' S RO BRRF 88hmMbunls,2

sal i ne pllacebo conbined w th |idocaine/betanmethasone suspension. To conpare
saf ety anbugsodrentladsinhdteniald fagbenrrior satshientascepsabde'sie slestnkyofeprg t ed WO

2013/ 055734PCT/ US2012/ 059455 adverse.eyents in the stud | ation.
Cosor i pt 1 GAGPPERATRE AgeD Periret SN HllenicR abi{Ge il R Bhiri
pl acebo- qotrh@lchachllydRusienlbbamidss patall ikabwh initht axd eaiggriedds botRvahiare the
effect of intra-articular knee injection of the <56 00 OM WFraction in nale

or fefal edsubipeeton sslegdyibg cemppendiiof hogyrpgsnbimentionme faapylateriato
osteoarthpi ti i cr I t i d of a3
week sor dLpihE el Rt e P ECHRE 55 U H Ay S S INaGOREERFC 5] et
was randaokilz@dhé artr 8egics Rensingighs PhArmacckties Scighest i on of one of the

foll owi ng: 10the <5 000 MA.Fraction conbined with |idocai ne/betanethasone
suspensi on t hel EFoPPOSIPNPEMS N F AL IBYFHSTORERNAUFRCFOIITEE AdGHE- suspensi on

sal i ne pl i it 0 i i . j ubj ects
were all 3@@331’?’8% eavZ’eﬁaﬁﬁal%laflrﬁif %?%‘Hgg{\fmle%ﬁgﬁggﬁg agits' B@gﬁg@é@ I?:le(?se 15
revi el bycotrtpesitinn estyi cgatpoise NAAI. | Compgsitiss ef sogntentiaventpartfaoingedAdr 6
hours, 24 hours (Da ), and 72. haurs, (Day 4 ost-injectipn. These
nseas e B e AL B8 CaFtbIaoR il iy BEE Shirare sl oy s t)
at the diggtd nm%gaptrﬁeczalcrfaéﬁgé{ga&@é &fc]?n@ﬂﬁa%fohﬁ)ﬂle@of%ﬂt@ﬂtrgf?dﬂﬂaﬁé@@hhQW

- y -

Scr eeni ng: Bet'ween 20Treat ment Period: A single

i nj ect i orlowar ertdgoist atiyboah&enMi atiput il catiouf diiNywboup4 oWdrabpat hoMs,

i ncl udi ng,dosj ng, o and foll ow u isits on Pay, 2, a 4. The

t ot al du%&??toim%’ a@?%m&raﬁr}%ﬁ %@M&R Oﬁk%lmi}bp%% 8&%%9&?%4’3%9@%?&&% B each
subj et , Mihb, absarieemNabdudtl 8Nl attfut UP ndNG, ebbutl By ;M. byl 7TTHPR LGRS
25Each subject received a single 10 nL injection_in one knee of one of the

f ol | owi ngniVk abauid AtaM, esgRolA mMc i Ehlittansempepiignsief the present invention
| i docai h i on < i i i 1L
| docai ng/,bel aTRY: @a%@?%na%i&? RENS L br c%%%grgé]‘{}’iog% %%{e'oggﬁg%g%:%% %‘eﬁvﬁ%a}]

bet anmet hasong suspe a I ne
| i docai nebbglositieh hasiage NAE apsilioncliDcdpryidy dPepubaiatiois thercof cobidentsitiody

popul ati on was, 60 patients, e or femal e, 40-85 years ald, fully
anmbul at orgneeitha YRRsr e OEEL%W RMeabyE s aalYly thauf P MM rabost &/ han 6
moNt % Prdpght 36 mM, about 35 mM, about 34 mM, about 33 mM, about 32 mM, about 31 mM,
about 30 mM, about 29 mM, about 28 mM, about 27 mM, about 26 mM, about 25 mM,
about 24 mM, about 23 mM, about 22, or about 21 mM. Preferably, the concentration
range is about 4 mM to about 20 mM.
In addition, the composition of the present invention may also comprise a second
25  drug such as an analgesic (such as lidocaine or paracetoamol), an anti-inflammatory (such
as bethamethasone, non-steroid anti-inflammatory drugs (NSAIDs), acetaminophen,
ibuprofen, naproxen), and/or other suitable drugs.
Methods of making diketopiperazines, such as DA-DKP, are well known in the art,
and these methods may be employed to synthesize the diketopiperazines of the invention.
30 See,e.g., U.S. Patents Nos. 4,694,081, 5,817,751, 5,990,112, 5,932,579 and 6,555,543, US
Patent Application Publication Number 2004/0024180, PCT applications WO 96/00391
and WO 97/48685, and Smith et al., Bioorg. Med. Chem. Letters, 8, 2369-2374 (1998), the
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WO 2013/ 055734PCT/ US2012/ 059455 to screening with Kell gren Law ence G ade
Il or Ill. Description of Investigational Product Sterile 2 nL <5000 MWV
Fracti on WO 20180136134St opper storage vials was prepared bycsysh@rossPiy Ltd.,
Dandenong, Victoria, Australia. The <5000MW Fraction was 5 conbined with
ei ther |idocai ne/ bet anet hasone suspensi on or betanet hasone suspension in a

bl'i nded faafhandREISred 8 WhiBSid iRBorpsiatddRrdh 8¢ &FercgQTbI ned wi th
| i docai ne/ bet amet hasone suspensi on was adm nistered as a third treatnent.

See Tabl e 1 Tdirenstancavdkttopyatiaoned, sihosUA-[oPyon dapscpared3HODMNV Fr act i on
E’etnr_]age En_hs%ﬁﬁ nSelﬁiII_liﬁL ?&%ﬁg&nﬁ%igﬂgﬁggéaﬁgkyﬁﬁési% b2y rglic'thgdsn\!velll\ulov;rlg l%aﬁlge nt B

art using L-amino acids, D-amino acids or a combination of D- and L-amino acids.

5  Preferred are solid-phase peptide synthetic methods. Of course, dipeptides are also

available commercially from numerous sources, including DMI Synthesis Ltd., Cardiff,

UK (custom synthesis), Sigma-Aldrich, St. Louis, MO (primarily custom synthesis),

Phoenix Pharmaceuticals, Inc., Belmont, CA (custom synthesis), Fisher Scientific

(custom synthesis) and Advanced ChemTech, Louisville, KY.

10 Once the dipeptide is synthesized or purchased, it is cyclized to form a
diketopiperazine. This can be accomplished by a variety of techniques. For example, U.S.
Patent Application Publication Number 2004/0024180 describes a method of cyclizing
dipeptides. Briefly, the dipeptide is heated in an organic solvent while removing water by
distillation. Preferably, the organic solvent is a low-boiling azeotrope with water, such as

15  acetonitrile, allyl alcohol, benzene, benzyl alcohol, n-butanol, 2-butanol, t-butanol, acetic
acid butylester, carbon tetrachloride, chlorobenzene chloroform, cyclohexane, 1,2-
dichlorethane, diethylacetal, dimethylacetal, acetic acid ethylester, heptane,
methylisobutylketone, 3-pentanol, toluene and xylene. The temperature depends on the
reaction speed at which the cyclization takes place and on the type of azeotroping agent

20  used. The reaction is preferably carried out at 50-200°C, more preferably 80-150°C. The
pH range in which cyclization takes place can be easily determine by the person skilled in
the art. It will advantageously be 2-9, preferably 3-7.

When one or both of the amino acids of the dipeptide has, or is derivatized to have,
a carboxyl group on its side chain (e.g., aspartic acid or glutamic acid), the dipeptide is

25  preferably cyclized as described in U.S. Patent No. 6,555,543. Briefly, the dipeptide, with
the side-chain carboxyl still protected, is heated under neutral conditions. Typically, the
dipeptide will be heated at from about 80°C to about 180°C, preferably at about 120°C.
The solvent will be a neutral solvent. For instance, the solvent may comprise an alcohol
(such as butanol, methanol, ethanol, and higher alcohols, but not phenol) and an azeotropic

30  co-solvent (such as toluene, benzene, or xylene). Preferably, the alcohol is butan-2-ol, and
the azeotropic co-solvent is toluene. The heating is continued until the reaction is

complete, and such times can be determined empirically. Typically, the dipeptide will be

11



4 m. 10 A single 10 nL injection of study drug conbined with

| i docai ne/ bet amet hasone suspensi on or conbi ned w th bet anet hasone

suspensi onowas/isaj3ect ed i nto the knee joi nt space under PETAIS2é12/0pY46H
conditions using an 18-21 gauge needl e. Study drug was stored at
roomtenperature (59 - 77 F or 15- 25 C) in a secure 1l5area with restricted
access. %@M%ﬂ@ﬂngﬂ%ﬂﬂo@@elzu%u%sopl%?éf%/l IpSAURTERLSURA LG Sover e
allocated’to a sequentially nunbered treat man%, in accordance Wth the
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time of dose dbleptidet h&hbcﬁsommphaeé ughihsicag éc ced iy and femeaesd frgatthorsin
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Cst eoar thr i ti SOhVGNAEbdd m'%hﬁng di@@ﬁu&é@%h SF Bk oﬁkmﬁﬁérﬁzﬁés RE Rnglose, 24

and 72 hours post -dose. e pain nunerical rating scale (NRS) in the study
knee was ig @mpﬂremehcaatbepxsed lnltbe teperatign hf)dukstopmstaznﬁegwﬁdnn Oeypracticeafhour s

post-dos our ost s.dose, on . ain nunerica

ot g sauf iR Siier &r wihiTaPRRs 1lARSTy TEretali®eBll o And vovac
occurisat dik@orsipérzihtdBitadlooPaic in M3PréseninNeHi®hi @ be hitlde BYd@kriBedlbblowi th 0
being no pain, 5 being noderate pain and 10 bei ng worst possi bl e pain. The

range of FRSE DEHCIg it Rapsides. Hureher, ikesndpeaaaipadPowe in thamactee@ffhknee was 15
d h i et f
exam ne 1R¥ ntnBE chil¥ES 5&%@ ?('Sm& {d”"aﬁﬁ) @ {)g Dytﬁgé&ﬁhﬁe%ls"ﬂt@ o \Ma%ﬂfaﬁﬁ range o

motion due t pain an yte basel i ne,
24 hours (pmctrndsmhe@sr) Day 2 and 72 hours post- dose on Day 4. WOVAC | ndex

3.1 was conpl et ed by subjects withjn 1 hour or to.injection, 24 hours
post - dose on DHiF RAZNIP Pompeyitian f-ﬂdé@r ryadust Qﬁ&preaentwénm Bendex

20asspss ?e%a?é&ﬁorﬁﬁﬂﬁh’oﬁ@c&ﬂﬂnﬂﬁg'D1A IDKP LH?&I? fﬁMﬁ ﬁie Qbﬁnfé'irmgl 2Bvailable

ost eoart measur es aramet €rs stions) ch paraneter
(questi orphab*eaqagtlcraéwedpd)mmm@owbpmgtal‘tmma, sswhihehmhamseiﬂn aTIEmmie, tareell hr ee

332:{? ?gﬁzﬁnoe/%l rnetfl sq guec as u r fl ltra?t}olnf E:I?rgrsn%to rap y?ss;[zle Oeg](gl)usm Hrofnya?oc g,;[rglp%n (17
(e.g., Centricon filtration), affinity chromatography (e.g., using a column of beads having
attached thereto an antibody or antibodies directed to the desired diketopiperazine(s) or an

25  antibody or antibodies directed to the truncated protein or peptide), anion exchange or
cation exchange), sucrose gradient centrifugation, chromatography, salt precipitation, or
sonication, that will remove some or all of the albumin in the solution. The resultant DA-
DKP-containing composition and/or product can be used and incorporated into
pharmaceutical compositions as described above.

30 Using an ultrafilration separation method, a human serum albumin composition

can be passed over an ultrafiltration membrane having a molecular weight cut-off that

retains the albumin while the DA-DKP passes into the resulting filtrate or fraction. This
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The data were anal yzed using the Student's t-test: mean (SD) difference

bet ween 25 treatnent groups A and C for the follow ng: Mean change in pain
NRS at 6 wouns/0s27B4hours and 72 hours (Figure 1); MeanPchasge2i0s0458VAC

pai n subscores at 24 hours and 72 hours (Figures 3A and 3B);

Mean change in WOMAC function subscores at 24 hours and 72 hours 30(Figures

SA and SBjjira@Rghy %ﬁﬂm@'@@ﬁl Endnfl §1%b1fl§rn\§e°1 hi3 YRS GRMmeDodt 503D RoKEs and
72 hours (Figures 4 WO 2013/ 055734P /U82012/ 059455 Al so,
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Fraction (An8| onTM was observed. This trend increased with tinme versus

st er oPds =¥ W@tlpapéﬁltfﬁapomth@saf%&ﬁ% vafich kreformod @y Hicadiversidear e | ong
| asting. P
anal yzod. 10 e i B RE RS AR R ey bR b 0TS

on rescuelikeebipaurions and range of notion were only collected in a snall
percentage of patients _and we not anal yzed eroid Potential Ti

course is shovﬁ%yﬁlﬁqgil V@C@ptdﬂiﬁ‘e tﬁ@éfhe A&@@f&e lgvﬁfqtleaegﬂwéwrwsgg 12-24
hour's a8l p &L LEH lSinl GREAC Bhl HorboWERK bR RS i Géwn Rneum

D s 2004, g@pr C%Og) élghort ter%ﬁ%égl ner egsagge r%m‘%glase }Fv:leélt rough day
3 andodearoadaseis salfy, emkmsdalts(@eﬁv&dﬁonhmprgaﬁwhdech&@@gglrocHJBﬂe,S1). Table 2

R AT, SN A S G
(1.69) propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric, glutamic, aspartic,

benzoic, salicylic, oxalic, ascorbic acid, and the like) or bases (such as the hydroxide,

carbonate or bicarbonate of a pharmaceutically-acceptable metal cation or organic cations

15  derived from N,N-dibenzylethylenediamine, D-glucosamine, or ethylenediamine). The
salts are prepared in a conventional manner, ¢.g., by neutralizing the free base form of the
compound with an acid.

As used herein, "a" or "an" means one or more.
As used herein, "comprises" and "comprising” include within their scope all

20  narrower terms, such as "consisting essentially of" and "consisting of" as alternative
embodiments of the present invention characterized herein by "comprises” or
"comprising”. In regard to use of "consisting essentially of", this phrase limits the scope
of a claim to the specified steps and materials and those that do not materially affect the
basic and novel characteristics of the invention disclosed herein. .

25 Additional objects, advantages and novel features of the present invention will
become apparent to those skilled in the art by consideration of the following non-limiting
examples. The following experimental results are provided for purposes of illustration and
are not intended to limit the scope of the invention.

EXAMPLES
30 Example1
A clinical trial was performed to investigate the effect of intra-articular knee

injection of a <5000MW fraction of human serum albumin (also referred to

13



0.32 WOVAC Pain 4.09 (1.95) 3.99 (2.07) 0.91 WOMAC Stiffness 3.86 (1.78)
3.93 (2.05) 0.54 WOMAC Function 5.15 (2.10) 4.69 (2.26) 0.89 20Anpion +
St eroi d wbidoasss n=20, safety popul ation; n=17, effi eatySanaloysiss
popul ation Steroid + |idocane: n=20, safety popul ation; n=18, efficacy
anal ysi s popul ati on 25 WO 2013/ 055734PCT/ US2012/ 059455 Tabl e 3 Mean Change
in Pain NRS.eigead (S ibnm A %ﬁMvh(g?‘o%t'f@&tfbn'ah&i?&%bﬂg t@%@ﬁﬁ’bfﬂ +
| i docane T-test p value 6 hours -2.31 .36) -2.06 (1.86) 0.

osteoarthritis of the knee. A randomized, placebo-controlled, double-blind, parallel study

with 60 evaluable subjects was chosen as the appropriate design to estimate the treatment
effect and safety of the <S000MW Fraction when it was injected into the study knee.

5  Primary Objective:

To investigate the reduction of pain in subjects with knee osteoarthritis of a
single 10 ml intra- articular injection containing the <5S000MW Fraction combined with
lidocaine/betamethasone suspension compared with the <5000MW Fraction
combined with betamethasone suspension or compared with a saline placebo combined

10  with lidocaine/betamethasone suspension.

Secondary Objectives:

To investigate joint function and pain in subjects with knee osteoarthritis, as
assessed by the Western Ontario McMaster University Osteoarthritis (WOMAC) Index
(Bellamy et al., "Validation study of WOMAC: a health status instrument for

15  measuring clinically important patient relevant outcomes to antirheumatic drug therapy
in patients with osteoarthritis of the hip or knee." J Rheumatology 1988;15:1833—-1840)
of a single intra-articular injection of the <5000MW Fraction combined with
lidocaine/betamethasone suspension compared with the <5000MW Fraction
combined with betamethasone suspension or compared with a saline placebo combined

20  with lidocaine/betamethasone suspension.

To investigate the requirement for rescue medications in subjects with knee
osteoarthritis, after a single intra-articular injection of the <5000MW Fraction
combined with lidocaine/betamethasone suspension compared with the <5000MW
Fraction combined with betamethasone suspension or compared with a saline placebo

25  combined with lidocaine/betamethasone suspension.

To investigate the effect on the range of motion in subjects with knee
osteoarthritis and limited range of motion in the study knee due to pain and inflammation,
after a single intra- articular injection of the <5000MW Fraction combined with
lidocaine/betamethasone suspension compared with the <5000MW Fraction

30 combined with betamethasone suspension or compared with a saline placebo combined
with lidocaine/betamethasone suspension.

To compare safety and tolerability between treatments as assessed by reported

14



24 hours -2.12(1.58) -1.61 (2.15) 0.43 72 hours -2.50 (1.83) -1.82 (1.74)
0.30 Exanple 2 A clinical trial was perfornmed to investigate
t he ef f ecwoah13ossT3a-arti cul ar knee 5 injection of the <POOASKVIEBOSBIES ON
(also referred to herein as "Anp ion Tm" ) for inproving joint function
and reducing the pain of osteoarthritis of the knee in adults with

synptonagk@mggba@ﬁymﬂﬂgﬁugéﬁﬁ&ﬁﬁkmr|t|s A random zed, placebo-controll ed,
doubl e-blind, parallel study wth 43 eval uable subjects was chosen as the

approprlaﬂélmmguguﬁlhgﬁsimxhte the treatnment effect and safety of the

<5000MWV Fraction 10 when it was injected into the study knee. Study Drug
2 arms; each sUpj &udy pas@irgedpnyzed. ﬁb‘lcéb%c%tmiﬂﬁiié@ﬂlblé’rbllnﬁ palled 3BWywi t h one

of ei her T I tion was
23 pat el ERBPRILRAORY G GBHEKa IR RhiORIARINBEEh b BOPMAT,
devi at i orf(aSbjo® 1r6)na1&80w@nmlm&ajbgaec&nz:| 405 cwsrodd vithalymptothaticpulnpaey kseener e

Caucasi an. The subj ects' hei ght.ranged fr 162 to 192 c average 175. 3,
SD 8.1) \AStRaRtEHET @%&Séﬁégﬁ aigrsa%amﬁg fhe ﬁﬁ“é% C?Ib@l%efiwf?é 1RGEE8. 8,
SD 13. 89), erf&]!ﬁn@h'm(ﬁgtsﬁld%'éﬁlcfﬁdhbﬂ SRU | IR b Wik %ﬁﬁl@ﬁﬁ’i%t ﬂocregél'vémdr y
knee osteoarthritis nor e 8 20 nonths prior to screening with

Kel | gr en sirzghe dfiael Bneedejertiorpef dniel of{ thedpdewingg il d or noderate

osteoarthritis). g;ad |1 for 6 subjects an ngge .1l for 36 subjects. One
subj €€ did have 'Geade0POM W Fgae ki ainerrabiged Wit ligpeadne/hatsraetsaoss oar t hri ti c,
one knee g sghected for study while the other knee received standard of
care. Excl ion Criteria: 25The following is the exclusion criteria for

the study popul atiQni sho Wity fr ?t@m{@oﬁml{lecf&uﬁ%geaﬁfa A8 sﬁxfegm screeni ng

investigation 2 hi story of erglc reactions to a A hi istory

ntraar i cul ar or RS EP B ET L et sl o8 sur gery to
the index kneeSubpsic&vvetesalfowddtdhve the chmc following a satisfactory post-dose
15  review by the investigator. Follow-up assessments were performed at 6 hours, 24 hours
(Day 2) and 72 hours (Day 4) post-injection. These assessments were conducted at the
clinic or externally (e.g. home visit), at the discretion of the investigator.

Duration of Study Participation:

Screening: Between Day — 21 and Day — 1.
20 Treatment Period: A single injection in the study knee with clinical follow-
up over 72 hours, including dosing on Day 1 and follow-up visits on Day 2 and Day 4.
The total duration of study participation was approximately 72 hours for ecach
subject, with a screening interval of up to 21 days.

Study Treatments

25 Each subject received a single 10 mL injection in one knee of one of the following
treatments:
<5000MW Fraction combined with lidocaine/betamethasone suspension
<5000MW Fraction combined with betamethasone suspension
saline placebo combined with lidocaine/betamethasone suspension

30  Study Population

The study population was 60 patients, male or female, 40-85 years old, fully

ambulatory, with symptomatic primary knee osteoarthritis for more than 6 months prior

15
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5 tines tlhecanegetambibbioreishiepcpsivo fivals admatistendd zatitlind tréatmemtr S¢cDsilet oi ds >10

ng predni sol one equi val ent per day 25(previous 30 days), g. Any al bumn
treatnent (previous 3 nonths) 17. Fenal e subjects who are pregnant or
lactating. 18. Fenumle subj, fet PIIR;CS %Jtio‘ﬁQFPfddﬁQt %Bﬁﬁghﬁﬂ who have a
positive pregnancy test on 5v Assessnent
30The stludy consisted of a three meek screenlng period and| an 84 day st udy
participation period assessnments wer erforned| at..6 hours,| 24
hours and 72 hours po§%: 040 &et i or} Begigethasengye Iéd Git%ct by § 1Eteephone at
Day 8, y 30 and WO:2043 055734PCT/ US2012/ 059455 Day 84 to eval uate
overall [pain and nobjlity and tolnonitor adverise events. The subjects were
of fered fheﬁnmhtﬁn of4nﬂtra artlc@haL betanetha%mme inject{bd to the
i nvesti AL, at-r—+eH-eft—after deered—hecessary
follomtnghﬁﬁn§§% ssneﬁpﬁby t he |r35§¥|gat 5<¥ﬂ|nary out Lo The
pai n nuneH%Qﬁkn{@tlngN@cale (NRS)[ i fr.the study KkRpge was conpiated at
pre-dose_(we-injectipn baseline), 6 hours post|- dose on Day 1, 24 houris
post -ldose on Day 2, 72 hours post-dose on Day 4, and at Day 8, Day 30 and
4 - . fs Th [ r I n
E?yo?lopo\%[ t ﬂofg%&%lzeﬁ 1%% 1551%&1'0% ft sélé(%%%}'ug cgmgglleg w1th%1&ocame)%léltg%lelth%gone rating
suspension or combined with betamethasone suspension was injected into the knee joint
space under sterile prep conditions using an 18-21 gauge needle.
Study drug was stored at room temperature (59° - 77° F or 15° —25° C) in a secure
15  area with restricted access.
Randomization and Allocation to Study Treatment
Subjects were allocated to a sequentially numbered treatment in accordance with
the randomization schedule following confirmation of eligibility at pre-dose. Each
subject was assigned to one of the three treatments, i.e. active <5000MW Fraction
20  (either combined with lidocaine/betamethasone or betamethasone suspension) or saline
placebo combined with lidocaine/betamethasone. The allocation of treatment was
performed using a block randomization algorithm.
If both knees were osteoarthritic, then at Screening the investigator selected one
knee to be the study knee, being the knee that best satisfied the requirements for the study.
25 At the time of dose administration, the study knee received investigational product in

accordance with the randomization schedule. The other knee received normal standard of
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10 noderate pain and 10 being worst possible pain. Safety endpoints

The safety endpoints of the study were incidence of adverse events, vital
si gns at woeetbose7sand study Day 4, twelve | ead ECG r eadiPnGaiSati2®s6946&ni ng
and 24 hours post-dose, and clinical blood safety tests (biochem cal and
hemat ol ogy) assessed at screening and 24 15hours post-dose. Secondary
endpoi nt s.4rcfhe secondary endpoints of the study were percent responders at
Day 30 and Day 84, defined as an inprovenent in pain NRS of 2 or nore

poi nts, tHfécadyavigesufasom pre-i njecti on baseline in WOMAC Osteoarthritis

Index 3.1 (conplete scale,. pain subscore, 20stiffne bscare and function
subscore) at aieanies st NPl TS HURR PSS AN gHiaAd By BT TERIEHY Whange
f'rom pre-rionjiR&t fo? Bub)a&eWith@inkiRNd raRGUTRTRIM duk@s pAiaSad e TRt in Hpsc-
(paracetanol) to 24 hours and 72 hours after intra-articular injection and
changés clpse. 2diang 72 homsiiosti-égpe and thpyelebal pain aggesgnent (egin sumptes] refoie
conpar ed W = t i i - e peri o L to
Treat 111y ehud B RaA R dhrn 2 2RSS BRRORF RS Prosfih Ui
random zevcilaster Badicnity @dtedaedhsitis OWONACH [adex Bhewat vshiplerdibgatbjects at TT
refers to subjects éhag?rret i ncl usion/exclusion criteria. Per protocol
Popul at i gie-dose, 24 and 72 bourg poy10¢.ci pants in the | TT set whose pre-dose pain
score did not W 3 ' ' ' ' ' ul ation
Study part i of paktet A AEL AL R e Pl Sl R Gy SR ALBRY o
rescu® \Wos@GUBBSHRBAIRCT bluSRY 12 20 hiodss Dosedise anilday Hetdvé2 hods and-dd6e days.
Anal ysis of covari A) nodel

Statistical _Anal yses . .Primary:

o exan 6 PHG Tl PEERBr L FORE SR FOrPERBHE bt DU o Fenn
change i mhapakd]@hnPRORA @BELUPAYh84armé EHS) ThaPhisNRY if Lhub@Ral tmggpai N NRS.
Additional: X2 testfor differences in percent responders. Cochran-armtage

trend tedt-10,ovithdd béieg enpeis, b heimkinmdsedt¢ paigiagahil @ beiagtwarstpossidmpains .

Student's t-test: nea SD) djfferepge .in in NRS.at 30 d . _Safety
analysi s, 10ATvarSE /et Gt LA Bl aBErRh iR FOLPE et Rathy

subj et . RUATRE I EShYaTvestiiags R heshil¥ b @dfdaRNYitIDfimAdy eirpe of Rifibs dak assi fi ed
by MedDRA System Organ Cass and Preferred Ter for overall incidence and

: . m
by sever iRaji gidinflamgationaefi by esteophyigeromst athaseme, 2hbows pew-dese on Day 2
t reat nent - r t adyer ents were conpared between treatment groups.
Al cli niaggﬁshgﬁgtpf a%%eﬁ)gll%&azgi lity data was listed for each subject and
summari zed by WOMAE€amdeNns.1 Wat adonpil@eds barab)EEwithim dioar privetoeinfjaation,at ed
and surmariﬁed by treatnent, L$borator values were listed, along with
PR

y
coment s “Asheuss Bes-dpen Rryapnd éakews pov-dar oeDaydt gV PR dbdat ory' s
nor MBly T ARERS:s iGHARGESo ARMPAE ERD|RE WIRH FipR? RASSGTedaRhrifL. | Rhf@bures 24

significance.
parameters (questions) with each parameter (question) being rated by the subject on a

scale of 1-10. There are three subscores: pain (5 questions); stiffness (2 questions); and
function (17 questions).
The data were analyzed using the Student’s t-test: mean (SD) difference between
25  treatment groups A and C for the following:
e Mean change in pain NRS at 6 hours, 24 hours and 72 hours (Figure 1);
e Mean change in WOMAC pain subscores at 24 hours and 72 hours (Figures
3A and 3B);
e Mean change in WOMAC function subscores at 24 hours and 72 hours
30 (Figures 5A and 5B); and
e Mean change in WOMAC stiffness subscores at 24 hours and 72 hours
(Figures 4A and 4B).
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Results: 20Tabl e 4 Popul ati on Anal ysis Set Study Size(n) AnpionTM (n)
Saline (n) Safety Set 43 22 21 ITT Set 43 22 21 Per-protocol Seta 41 20 21
Ef fi cacy woabwsalsbB4Set b 32 17 15 a: 2 subjects in thepramrpiseonZNsgsdup had
baseline pain NRS <4 points b: 5 subjects in the AnpionTM group and 6
subjects in the saline group required rescue nedication 25 Use of Rescue

Medi cations  Algo, repeated measures ANOVA were calculated: mean (SD) difference between
treatment groups A and C for mean change in pain NRS with time (Figure 2).
Results
Results are presented in Figures 1-6, Tables 2 and 3 and are summarized here:

5 e A trend in improvement in pain NRS with the <5000MW Fraction
(Ampion™) was observed. This trend increased with time versus steroids
and demonstrates that the effects of the <S000MW Fraction are long
lasting.

e WOMAC —no differences were observed in the three subscores analyzed.
10 e The <5000MW Fraction does not increase adverse events.
e Data on rescue medications and range of motion were only collected in a
small percentage of patients and were not analyzed.
e Steroid Potential Time course is shown in Figure 6. The onset of steroids
efficacy is rapid: 12-24 hours maximal effect is reached in 1 week and lasts
15 4 weeks (Ann Rheum Dis 2004; 63:478-482). Short term pain increases
from baseline through day 3 and decreases afterwards (Am J Orthop. 2007
Mar; 36(3): 128-31).

Table 2 Baseline Efficacy Variables, mean (SD)

Efficacy Ampion™ + Steriod | Steroid + lidocane | T-test p value
Variable + lidocaine
Pain NRS 4.29 (2.28) 3.61 (1.69) 0.32
WOMAC Pain | 4.09 (1.95) 3.99 (2.07) 0.91
WOMAC 3.86 (1.78) 3.93 (2.05) 0.54
Stiffness
WOMAC 5.15(2.10) 4.69 (2.26) 0.89
Function
20 Ampion + Steroid + lidocane: n=20, safety population; n=17, efficacy analysis population

Steroid + lidocane: n=20, safety population; n=18, efficacy analysis population

25
18



Bet anet hasone injection: there was no apparent difference between the use
of bet anet hasone injections between subjects who recei ved Anpi onTM (5 of 22
subj ect s,WO\MDI3AB31BA055734PCT/ US2012/ 059455 23% conpar e#Chiuskoizog4ett s who
received saline (6 of 21 subjects, 299%. Rescue nedi cations
(paracetanol ): rescue nedication for pain relief in the study knee wthin
24 hours of injection qGeW 3§ §fbahTRante'h Pain NR@bﬁ{eagf(sgybj ects receiving
Anpi onTM (6 of 22 subjects) conpared with su |ects recelving saline (6 of
21 subj ects)| Témwi t h si ni Aswpiond¥n- Sesied |Stermd adistogamd  J<B-test p vaheeh of | t he
treatment groups. Efficacy,.Results: Table 5 Pain NRS by treatnent, nean
(SD) pre-protocol popul at%/Bﬂ Cf}at ment |Pre- dose 6 h Pdst dose 24 h Post

dose 72 h Posk hdege Day [82Hagb.3dpse Day |38 doqsikefiose Day B/ Post dose

24 hours -2.12 (1.58) -1.61 (2.15) 0.43
72 hours -2.50 (1.83) -1.82 (1.74) 0.30
Example 2

A clinical trial was performed to investigate the effect of intra-articular knee
5 injection of the <5000MW Fraction (also referred to herecin as
“Ampion™?) for improving joint function and reducing the pain of osteoarthritis of
the knee in adults with symptomatic primary knee osteoarthritis. A randomized, placebo-
controlled, double-blind, parallel study with 43 evaluable subjects was chosen as the
appropriate design to estimate the treatment effect and safety of the <S000MW Fraction
10  when it was injected into the study knee.

Study Drug

2 arms; each subject received a single 4 ml injection in one knee with one of either
Amipon™ or saline.

Study Population

15 The study population was 43 patient, male or female 40-83 years old (average
63.0, standard deviation (SD) 9.6) 28 were male and 15 were female. All subjects were
Caucasian. The subjects’ height ranged from 162 to 192 cm (average 175.3, SD 8.1) with
weight at screening ranging from 56 to 117 kg (average 88.8, SD 13.89). The subjects
were fully ambulatory, with symptomatic primary knee osteoarthritis for more than 6

20  months prior to screening with Kellgren Lawrence Grade 11 or III (indicating mild or
moderate osteoarthritis). Grade II for 6 subjects and Grade III for 36 subjects. One
subject did have Grade IV. If both knees of a subject were osteroarthritic, one knee
was selected for study while the other knee received standard of care.

Exclusion Criteria:

25 The following is the exclusion criteria for the study population:
1. Unfit as a result of medical review and screening investigation

2. A history of allergic reactions to albumin
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3. A history of allergic reactions to excipients in 5% human albumin

4. Any intra-articular or local periarticular injection, injection or surgery to the
index knee (previous 6 months)

5. Operative arthroscopy (previous 3 months)

6. Surgical procedure to the index knee other than arthroscopy ( previous 12

months)

knee.

7. Any investigational knee products ( previous 12 months)

8. Kellgren Lawrence Grade I or IV (doubtful or severe) osteoarthritis of the

9. Inflammatory or crystal arthropathies, acute fractures, severe loss of bone
density, bone necrosis.

10. Isolated patella-femoral syndrome or chondromalacia.

11. Any other disease or condition interfering with the free use and evaluation
of the index knee

12. Major injury to the index (previous 12 months)

13. Severe hip osteoarthritis ipsilateral to the index knee.

14. Any pain that could interfere with the assessment of index knee pain

15. Any pharmacological or non-pharmacological treatment started or changed
(previous 4 weeks)

16. Use of a. any topical treatment (previous 48 h,) b. All analgesics and
NSAIDs except paracetamol (previous 48 h), c. Anticoagulant therapy
(previous 48 h) d. Any systemic steroid treatments (previous 14 days), e. All
immunosuppressives within a period of 5 times the drug’s half life prior to
randomization, f. corticosteroids >10 mg prednisolone equivalent per day
(previous 30 days), g. Any albumin treatment (previous 3 months)

17. Female subjects who are pregnant or lactating.

18. Female subjects of childbearing potential who have a positive pregnancy

test on Day 1 prior to treatment.

Study Assessment

The study consisted of a three week screening period and an 84 day study

participation period. Follow-up assessments were performed at 6 hours, 24 hours and

72 hours post injection. Subjects were contact by telephone at Day 8, Day 30 and
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(2.2) 4.81 (2.3) Table 6 Least Squares (LS) Mean Change in Pain NRS:
per-protocol population Treatnment 6 h Post dose 24 h Post dose 72 h Post
dose Day WORost0sa8mge Day 30 Post dose Day 84 Post dose BClAspéianIMps - 3. 06
-1.69 -2.31 -2.00

Day 84 to evaluate overall pain and mobility and to monitor adverse events. The

subjects were offered the option of intra-articular betamethasone injection to the

investigative knee for pain relief after Day 8§, if deemed necessary following an

assessment by the investigator.

5  Primary Qutcome

The pain numerical rating scale (NRS) in the study knee was completed at pre-
dose (pre-injection baseline), 6 hours post- dose on Day 1, 24 hours post-dose on Day 2, 72
hours post-dose on Day 4, and at Day &, Day 30 and Day 84 post-dose (EOS or End-of-
study). The pain NRS is a numerical rating of 0-10, with 0 being no pain, 5 being
10  moderate pain and 10 being worst possible pain.

Safety endpoints

The safety endpoints of the study were incidence of adverse events, vital signs at
pre-dose and study Day 4, twelve lead ECG readings at screening and 24 hours post-dose,
and clinical blood safety tests (biochemical and hematology) assessed at screening and 24
15  hours post-dose.

Secondary endpoints

The secondary endpoints of the study were percent responders at Day 30 and Day
84, defined as an improvement in pain NRS of 2 or more points, the change from pre-
injection baseline in WOMAC Osteoarthritis Index 3.1 (complete scale, pain subscore,

20  stiffness subscore and function subscore) at 24 and 72 hours after intra-articular injection,
the change from pre-injection baseline for requirement for rescue medications
(paracetamol) to 24 hours and 72 hours after intra-articular injection and changes over
time in mobility at Day 8, Day 30 and Day 84 post-dose compared with pre-dose and the
immediate post-dose period.

25  Intent to Treat (ITT) and Safety Population

Study participants who were randomized and received at least one dose of the
study medication. ITT refers to subjects that met inclusion/exclusion criteria.

Per protocol Population

Study participants in the ITT set whose pre-dose pain score did not violate
30 inclusion/exclusion criteria.

Efficacy Population

Study participants in the pre-protocol population who did not receive rescue
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-2.16 -1.60 E (Saline) -2.28 -2.11 -2.22 -1.76 -1.09 -0.36 P value 0.15
0.42 0.89 0.71 0.12 0.07 10Scale: -10 =l argest possible inprovenent in
pai n fromvbasslisemss 10 = smal | est possi bl e i nprovenent @Caruses2/059365 ease)
in pain frombaseline. Day 1. 6 hours post-dose *adjusted for baseline pain
NRS 15 WO 2013/ 055734PCT/ US2012/ 059455 Table 7 LS Mean Chance in Pain NRS

ef fi cacy gual#RALBHIRNY Akizon.TE eat rent 6 h

Statistical Analyses

Primary: Analysis of covariance (ANCOVA) model to examine the mean (SD)
difference between treatment groups for mean change in pain at Day 30 and Day 84
5 (EOS), adjusted for baseline pain NRS.
Additional: X” test for differences in percent responders. Cochran-armitage trend
test for differences in clinically significant improvements. Student’s t-test: mean (SD)
difference in pain NRS at 30 days.

Safety Analysis:

10 Adverse events and serious adverse events were listed by subject. Summaries were
presented by treatment of adverse events classified by MedDRA System Organ Class and
Preferred Term, for overall incidence and by severity and relationship to study medication.
Incidence of treatment-emergent adverse events were compared between treatment groups.
All clinical safety and tolerability data was listed for each subject and summarized by

15  treatment. Vital signs and ECG parameters were tabulated and summarized by treatment.
Laboratory values were listed, along with comments as to clinical significance for values

outside the laboratory’s normal ranges. Changes from screening were assessed for clinical

significance.
Results:
20 Table 4 Population
Analysis Set Study Size(n) Ampion™ (n) Saline (n)
Safety Set 43 22 21
ITT Set 43 22 21
Per-protocol Set” 41 20 21
Efficacy 32 17 15
evaluable Set”

% 2 subjects in the Ampion™ group had baseline pain NRS < 4 points
®: 5 subjects in the Ampion™ group and 6 subjects in the saline group required rescue
medication

25  Use of Rescue Medications

Betamethasone injection: there was no apparent difference between the use of

betamethasone injections between subjects who received Ampion™ (5 of 22 subjects,
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Post dose 24 h Post dose 72 h Post dose Day 8 Post dose Day 30 Post dose
Day 84 Post dose D (AnmpionTM -2.91 -1.99 -2.94 -2.45 -2.29 -2.22 E
(Sal i ne) wd.263/0527361 -2.79 -2.22 PCT/US2012/059455

23%) compared with subjects who received saline (6 of 21 subjects, 29%).

Rescue medications (paracetamol): rescue medication for pain relief in the study
knee within 24 hours of injection occurred in a similar number of subjects receiving
Ampion™ (6 of 22 subjects) compared with subjects receiving saline (6 of 21 subjects),

5  with similar mean doses of paracetamol used in each of the treatment groups.

Efficacy Results:

Table S Pain NRS by treatment, mean (SD) pre-protocol population:

Treatment Pre- 6h 24 h 72 h Day 8 Day | Day 84
dose Post Post Post Post 30 Post
dose dose dose dose Post dose

dose

Ampion™ 4.70 2.00 3.20 2.60 2.90 2.90 3.21
(0.7) (1.3) (1.5) (2.1) (2.1) (1.8) (1.8)
Saline 5.29 2.67 3.00 2.86 333 3.86 4.81
(1.4) (1.9) (1.7) (2.1) (1.9) (2.2) (2.3)

Table 6 Least Squares (LS) Mean Change in Pain NRS: per-protocol population

Treatment 6h 24 h 72 h Day 8 Day 30 | Day 84
Post dose Post Post dose Post Post Post
dose dose dose dose
D (Ampion™) -3.06 -1.69 -2.31 -2.00 -2.16 -1.60
E (Saline) -2.28 -2.11 -2.22 -1.76 -1.09 -0.36
P value 0.15 0.42 0.89 0.71 0.12 0.07
10 Scale: -10 =largest possible improvement in pain from baseline, 10 = smallest possible

improvement (largest increase) in pain from baseline.
Day 1: 6 hours post-dose
*adjusted for baseline pain NRS

15
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-1.17 -0.46 P value 0.62 0.19 0.79 0.71 0.19 0.04 Scal e:
I n pain from baseli ne,
I ncrease)

possi bl e i

I mpr ovenmawo 2013zsgsst
post - dose 5*adj usted for baseline pain NRS Percent
per - pr ot ocol

(ECS)

npr ovement

in pain from baseline.

10

-10 =l ar gest

= smal | est possi bl e

Day TAIS2@ 21080455
responders at Day 84
popul ati on (see Table 8) Responder:

decrease in Day 84
pain NRS of -2 tloamélﬁ)lﬂqw%ﬁdl%g@m ﬁﬁn@ﬁk@%fh@fcy’ Falfble POATATRE

i mpr ovenent e resSpype casge a| y -1 to
10 (with 10 E%aggl Fﬁe | ar gest [possi Ie [ ncr ease | nz{}pal n ﬁl&rag)a IZL&H ends in
pai n at 30 days from baRmk dos, | byPéstear Posttdoge oupPoskr eat ansstt Non-IRasponder
Responder [P val ue AnpiionTM 47. 4% 52. 6% 0. 06 Sal{i ne 76. 2%
dose dose dose dose
D (Ampion™) -2.91 -1.99 -2.94 -2.45 -2.29 -2.22
E (Saline) -2.62 -2.61 -2.79 -2.22 -1.17 -0.46
P value 0.62 0.19 0.79 0.71 0.19 0.04
Scale: -10 =largest possible improvement in pain from baseline, 10 = smallest possible
improvement (largest increase) in pain from baseline.
Day 1: 6 hours post-dose
5 *adjusted for baseline pain NRS

Percent responders at Day 84 (EOS): per-protocol population (see Table 8)
Responder: decrease in Day 84 pain NRS of -2 to -10 points (with -10 being the largest
possible improvement in pain).
10  Non-responder: decrease in pain at Day 84 of -1 to 10 (with 10 being the largest possible
increase in pain).

Table 8 Trends in pain at 30 days from baseline, by treatment group:

Treatment Non-Responder Responder P value
Ampion™ 47.4% 52.6% 0.06
Saline 76.2% 23.8%

Percent responders at Day 84 (EOS): efficacy evaluable population (see Table 9)

15  Responder: decrease in Day 84 pain NRS of -2 to -10 points (with -10 being the largest

possible improvement in pain).

Non-responder: decrease in pain at Day 84 of -1 to 10 points (with 10 being the largest

possible increase in pain).

20

Table 9 Trends in pain at 30 days from baseline, by treatment group:

Treatment Non-Responder Responder P value
Ampion™ 35.7% 64.3% 0.10
Saline 66.7% 33.3%

Summary of findings: Efficacy:

Overall pain (as assessed by the pain numerical rating score) and WOMAC scores
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23.8% Percent responders at Day 84 (ECS): efficacy eval uabl e popul ation
(see Table 9) 15Responder: decrease in Day 84 pain NRS of-2 to -10 points
(with -10wbebrsysstse | ar gest possi bl e i nprovenent in pai RCT/USeoR2nespdNder :
decrease in pain at Day 84 of -1 to 10 points (with 10 being the | argest

possi bl e increase in pain). Table 9 Trends in pain at 30 days from

basel i ne, &y rédu%@&gi% tdog:r ¥ Bach UreRd f8hhe Mc% &m@%{na'ﬁ%ﬁ%@ﬂﬁ%%ucg (pad ue
Anmpi onTM 35. 7% 64. 3% 0. 10 Saline 66. 7% 3 % Summary of I hgs:

Ef fi cacy:0. Oi)x/@rcapﬂ plpbn a By 84 Jesddidonythedeevaai trendumra signdicantdiffagnecor e)
and V\DVA%e woen c?lanées flyo\lr% ga(l)s%l?’ne a?t%ay% add%%%%ﬁ% su%J ects who received
Ampion™ compared to subjects who received saline placebo (Day 30: p =0.12; Day 84: p
5 =0.07). This trend became statistically significant in subjects who did not receive rescue
medication (p = 0.04). There was a trend towards a higher percentage of responders at the
end of the study (Day 84) for subjects receiving Ampion™ vs. Placebo (p = 0.06). Use of
paracetamol rescue medication up to 72 hours post-dose was highest in the Treatment E
group (saline). See Figure 7.
10  Adverse Events (AEs)

Treatment-emergent AEs were reported for 20 of the 43 subjects (47%) following dose
administration, with a total of 27 AEs. Commonly occurring AEs were headache and joint
swelling and stiffness in the knee. Most subjects reported AEs classified as mild only (16
of 43 subjects, 37%). Only 4 subjects (9%) reported AEs of moderate severity:

15 — Ampion™: Joint injury and hypertension
— Saline: Back pain and vessel puncture site haematoma

There were no apparent differences in the incidence of moderate AEs between subjects
who received Ampion™ (2 subjects, 9%) compared with subjects who received saline (2
subjects, 10%). These AEs were all deemed to be probably not or definitely not related to

20  study drug.

There were no AEs classified as severe.

AEs deemed to be related to study drug administration (possibly) were reported in 3 of
43 subjects (7%). There were no apparent differences in the incidence of related AEs
between subjects who received Ampion™ (1 subject, 5%) compared with subjects who

25  received saline (2 subjects, 10%):
a. Headache of mild severity which commenced 5 minutes after treatment
administration and resolved 1.8 hours later (Ampion™)
b. Headache of mild severity which commenced 5 hours after treatment
administration and resolved 0.5 hours later (saline)
30 c. Joint swelling of right knee (study knee) of mild severity which commenced
2.4 days after treatment administration and resolved 21 hours later (saline)

Overall, a higher proportion of treatment-emergent AEs were reported in subjects
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wer e reduced post-dose for each of the treatnent groups for the duration of
the study (p < 0.05), except placebo at Day 84. In addition, there was a
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effe of St udy drug, w i [ cent,age 0 bj.ect s ponded at
ey 8 1 oraianh sty dfh s YehmeiE) SRR SheRURLES TMBROERER T

overal | paNA®Rsn PBIUsEOhAaSk 3TTS eAf Bk chd6f thdhidubior) the YDkt fitslyion Wher eas
subj ects 15 receiving saline did not have a reduction in pain post-dose at

Day 84. Usdatsd bpardrepandmicresntafugaldilicahpong apnalecurr waghttsuiodsel 3k was

hi ghest iR, .t - | ¢ | | d f d

51 gt Bl 8 o 24P ELORS R R IMRS, g 0 oo
chromatograph-mass spectrometery (LCMS) method for DA-DKP analysis.

30 The results of the analyses are shown in Table 10.
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Exanpl e

3

Thi s study denonstrates that DA-DKP and N-Acetyl

Trypt ophan (NAT) of the 20 <5kDa fraction of 5% HAS binds to coll agen.
NAT bi nds nore troTwseadizasdstol | agen

parti cul
IV than

awoQ 2013/861814 ol ar concentrati on,
DA- DKP. Met hods

Col | agen source:

In

1 nmg/m Collagen IV form

human pl acenta in 0.25% acetic acid (SigmTm. The col |l agen was oxi di xed

‘("'} th |500' MLRAPPH R0 diaY Eﬁdﬁl@' of INRPUM A A DEP 6 M2 ¥ ied HEHak @ dIRGED I V
inal = 0.2 ng/mM) was then incubated with 2 |uM DA- DKP
PBS for |Sampple at 37C. At the end of the| Avenaigat’hon, the| Stahdard r act i on was
isolated by a Vivaspin 2 mcrocentrifugal .filter having mal ecul ar wej ght
cutof f df 5,000. The <5kDa fraction was pfdl$%%€d for DA- ék?’lﬁﬂ?ﬂ or NAT|
cont ent [us)IODA-DHK AL ColEHpeR MRt 0gr aph- mass spechg gaet ery | LCVBy xwet hod for
DA- DKP gnalysis. 30The results of the analyses are shown in Table 10 WO
2013/ 055 7Z314MCLTAEMB]:@¢61@455V'W;{@I }d\/IZN)ATPOt enti a]ZS B%ndi ng Of NA'ﬁ 7%d DA- DKP
to H202 agehn \JQII}JI e—Av age "Ci'ease St-an Peviat i on
2 ILIM Dﬁg Wérf&ﬁ?}é YV 26.0% 4. 2% 2 I LI M &Q.WP + Col | agg(rj’ljJ PV w 2
| LI M NAT ZEvEUa g 0o R YNGR IVGORLBRPN TV 48287, 3% 2/ TLT MoNg] +
Col | age |5‘5/]vv/2|L|Mg5-DKP28 e ’
The results provided in Table 10 demonstrate that DA-DKP and NAT bind to
oxidized forms of collagen and hence block the oxidized sites from triggering immune cell
5  activation.
While various embodiments of the present invention have been described in detail,

it is apparent that modifications and adaptations of those embodiments will occur to those

skilled in the art. It is to be expressly understood, however, that such modifications and

adaptations are within the scope of the present invention, as set forth in the following

10  exemplary claims.
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The results provided in Table 10 denonstrate that DA-DKP and NAT bind to
oxi di zed fornms of collagen and hence bl ock the oxidized sites from
triggeri ngoi2otamss73eel | Sacti vati on. Wi | e vari ous pemtusdeinesdsss of t he
present invention have been described in detail, it is apparent that

nodi fications and adaptations of those enbodinments will occur to those
skill ed iWwgAeIQeiAIMED:S to be expressly understood, however, that such
nodi fications and adaptations are within the scope of the present
invention, as set forth in the following 10 exenplary clains. . WHAT IS

CLAI MED: 1. LA dvitcthed dttreptinge fdeggnarafigionediicpirecqnyi pingpdgtniserias fht si ng

adri ni stering t Oy Rl ddedIGRLi0RER0ANEL HREHaUSRIRMA kiR

pharmaceutical conposition conprising DA . 52. The met aim1l,
wher ei n t he degepenptisingDjAeDKIP. di sease is osteoarthritis. 3. The nethod of

Claim1 whereip the c Ltion is.adm ni stered.no re frequently than
once every §ix ?th%(?ggﬁ@gnévgp?/mgl tﬂﬁﬂ?w,eragﬁﬁé”% ?eﬂseélfsr‘?ﬁ%P?fgf“t nce every
3 nonths, o8 OfEn&UEd ¥f ClaRNtWiserein the collfsBhROSRhisHrad /b hordtherei n the
conposition is adm nistered by an 10admi nistration route selected fromthe

group consi sti ngfrefudngy shanzahet nvey skt morths,oops eedry 4dmintliss pnestdvery, 4 and
injection. 5. The %md of C|3ai mtﬁ wher ei n agn‘i ni,stration by injection is
by intra-articul arn ]%Ibcteieg?{y M@ty oL ORest RS fnoa‘%ﬁ m 5, wherein the
conposi ti on4adriethehed 66CHRYm i1Nvharc the cohpssitl&i BjageliniGBredHyancomposi ti on
having a concentration of DA-DKP from about 50 iuMto about 350 iuM 7. The
net hdd@ of O ai m admighdiaiph rquiksdenigsolsemithmeoup consistiog 9 kgcgbadministration,
N-acetyl trypt ophan. Y |l G.aci capryl ate or conbinations thereof.
8. The met hod of %@%%1?1Smg§%ialﬁlatuﬁg&%'grrposi tion is a conposition having a
20concent r abj orheahethdd of Capm W wher@in aimiadphtydrabeinfuction idbyniatra-anicutdier eof
fromabout 4 MM tqQ about 20 M 9. The nethod of Caim1l, wherein the
DA-DKP is in a cBWFdSPti on prepared by renmoving al bunin froma sol ution of

a human ser gmg|dy '6'% ?P@Bﬁﬁiﬂ v88reintBe cdid oﬁérhélgniﬁfste%l(ﬁwn%’a-am&ﬂeﬁj n the

step of renoving the bum n conprises 25treating the n serum al bum n

conpdsi ti on by aigepanata compaesitimchayelgectoaderftration bh ® AgbEUpfrennbostiOng of

ultrafiltration, crose adi ent centrifugation, chronatography, salt
preci pitation, aHﬁ}H?@?WBTa%OOﬂY" 11. The nethod of C aim 10, wherein the step

of renovi Ng7COoMMIh&RSd BRSRIMT, WABcHARBRoRBEHTdPHBPHET FOrgRRONLiL]N over an
ultrafiltration nenbrane with a 30nol ecul ar wei ght cut off that ‘retains the

al bumi n, and whefgEptaphdne(NAeB karirplge 4did,toppiyéate ohgnnilyeaiioDAtiDrERT.

8. The method of Claim 7, wherein the composition is a composition having a
20 concentration of NAT, caprylic acid, caprylate or combinations thereof from
about 4 mM to about 20 mM.
9. The method of Claim 1, wherein the DA-DKP is in a composition prepared by
removing albumin from a solution of a human serum albumin composition.
10. The method of Claim 9, wherein the step of removing the albumin comprises
25 treating the human serum albumin composition by a separation method
selected from the group consisting of ultrafiltration, sucrose gradient
centrifugation, chromatography, salt precipitation, and sonication.
11. The method of Claim 10, wherein the step of removing comprises passing the
human serum albumin composition over an ultrafiltration membrane with a
30 molecular weight cut off that retains the albumin, and wherein the resulting

filtrate comprises DA-DKP.
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WO 2013/ 055734PCT/ US2012/ 059455 12. The nmethod of C aim 11, wherein the
ultrafiltrati on nenbrane has a nol ecul ar wei ght cutoff of |ess than 50 kDa,
| ess t harwoQoisBas73hess t han 30 kDa, |ess than 20 kDa, | es3/ush@n/0i9skDa,

| ess than 5 kDa or | ess than 3 kDa. 13. The method of Caim?9,
wherein the conposition further conprises NAT, caprylic 5acid, caprylate or

combi nat i ong; tiRiiRafod 6f CLR 1TP4AGnhe ChakiMaldn risiehmAhansieamas tion is

a conposition having a concentration of NAT, caprylic acid, caprylate or
conbi nati ons t hewewht fytofhodbweithan 58N lcabthan 49GDaMess thas 30 ke, leet thed of

Claim1, wherein har mac ical ¢ ition further, conprises 10a
second drug sel e%{) g@&?@ﬁ%@%b&ﬂ?%ﬁ%ﬁ?ﬁ%r?@peg? Hﬁﬂgg?%ﬁ‘gesi c, an anti -

i nf | ammat or y3 driégnetBdlo ORI DaivhaR e thbes@pbsitén fufthehamimiesNiAGakbapyREuCt
conpri sing a DA- DKP-cont ai ni ng conposition fornul ated for adm nistration by
i nj ecti on. acid.jcapryfate oppinbaeieansiteeirofpr oduct of C aim 16, wherein the
product is ryul ] Lnistrafli intra-arti. .] njection.
18. The phafrlﬁajé%u]ﬁ%tgg? B%@(%f]ﬁ?? m&&%@aﬁ%‘%@?&%@ﬁéﬁ%oﬁﬁé&%% %Zﬁ%é] lé pr epar ed
by renovi ng al busdntehti@ivnaofNADidaptyliafacil, bapiplatcse comibalabionm theileofNfromi t i on.
19. The pharmaceutical product of C aim 18, wherein the step of renoving
the al bumin conprf@éd BMVdaePy 20H8BMhuman serum al bunmi n conposition by a
20separat | ofs MRINRANSELECREH 1f LRRCHTR. BhadRCGRRA! Soifidiidh il Abiphtal | on.
sucrose gradient centrifugation, chronmatography, salt precipitation, and
soni cati on. 20. Thecophdrupeiutdddadim dreqptog cafsisGhabfad fhalgelher & mti-he step of

renovi ng conpri se assi ng, the hunman. serum al bum n conposition over an
ultrafiltration WEWB}‘%%WVQW% 8¢ B, E]ﬁ‘_flooﬁs ieﬁﬁt cut off that retains the
al bumi n, a”%%@%@rhﬁ'céht{cﬁﬁ%ﬁﬁédﬂ|cganHsiBg btn_meamfnﬁgsw%oaﬁ%n 21. The

pharmaceuti cal product of aim 20, whérein the ultrafiltration nmenbrane
has a nol ecul ar Weinghteccior efihinpdtration by ijeetioB0) kDa, | ess than 40 kDa, |ess

than 30 kDa,-less.than 20 kDa,, |l e than 10 kDa,, | ess th 5 k r |less
than 3 ko 17 B DR RRe BRup b Do e e g 3R PR ER 18 e

DA- DKB adm ni st en@dinXfraB6h BY fdraddrtitwlbit iajecﬁm'ecti onis a _corrposi tion having
et ob oo e s . PRI SR e ot |

phar maceut i ¢al ! fj§r ¢ ’ rt her
conpri ses NAT, c ] i r ] iLnat | . t f. 24. The
pth maceut i cal p?egﬁdatyé#tlé: %lﬁﬁgéﬁiaﬁr(?ﬁﬁ%% lu\?\}tggrogfnl%uﬁiﬁgg%%ﬁlp%gﬁ%noﬁgl{@ggon'

conposi ti onlharenhamaentepratutiost @hinNAY,, witagin yikd gepef lmoeamgrtlyd at e or
5conbi nati ons thereof from about 4 HMto about 20 nM 25. The

phar maceut i cal pR SR CORPIEses fRsting, the HrmpRserubhynain ggmgosition by a

phar ngceuti cal | yéﬁo%%gh%tﬁo(&%[erciteﬁrfrom the group consisting of ultrafiltration, sucrose

gradient centrifugation, chromatography, salt precipitation, and sonication.

20. The pharmaceutical product of Claim 19, wherein the step of removing comprises
passing the human serum albumin composition over an ultrafiltration
membrane with a molecular weight cut off that retains the albumin, and

25 wherein the resulting filtrate comprises DA-DKP.

21. The pharmaceutical product of Claim 20, wherein the ultrafiltration membrane has
a molecular weight cutoff of less than 50 kDa, less than 40 kDa, less than 30
kDa, less than 20 kDa, less than 10 kDa, less than 5 kDa or less than 3 kDa.

22. The pharmaceutical product of Claim 17, wherein the DA-DKP administered by

30 intra-articular injection is a composition having a concentration of DA-DKP

from about 50 uM to about 350 uM.
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26. A kit conprising a pharnmaceutical product conprising a
DA- DKP- cont ai ni ng conposition fornulated for adm nistration by injection.
1027. Thewbi213nissB4ai m 26, wherein the DA-DKP is prepar @dThis201em804559
al bumin froma solution of a human serum al bum n conposition.
23. The pharmaceutical product Claim 16, wherein the DA-DKP composition further
comprises NAT, caprylic acid, caprylate and combinations thereof.
24. The pharmaceutical product of Claim 23, wherein the composition is a
composition having a concentration of NAT, caprylic acid, caprylate or
5 combinations thereof from about 4 mM to about 20 mM.
25. The pharmaceutical product of Claim 16, further comprising a pharmaceutically-
acceptable carrier.
26. A kit comprising a pharmaceutical product comprising a DA-DKP-containing
composition formulated for administration by injection.
10 27. The kit of Claim 26, wherein the DA-DKP is prepared by removing albumin from

a solution of a human serum albumin composition.
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