-1- Methods for Providing Oxidatively Stable Ophthal m ¢ Conpositions
FI ELD OF THE | NVENTI ON The present invention relates to
nmet hods for providi ng ophthal m c 5conpounds that display oxidative
stability, during processing, autoclaving, packaging, shipping or
storage. BACKGROUND OF THE | NVENTI ON Therapeutic agents for topical
adm nistration to the eye are generally 10fornulated in either a
liquid or gel formand nust be kept sterile until adm nistration.
Accordi ngly, ophthal mi c therapeutic agents are either packaged
asceptically, which is cunbersone and expensive or are heat
sterilized. Unfortunately, many therapeutic agents are not

oxi datively stable, especially at el evated tenperatures. 15EDTA has
been used to i npr ddetholefatRroviding/Oxiflativelyt StabletGphthalsmic Compyeitioss
during autocl aving. However, there remains a need for processes
capabl e of stabilizing unstable therapeutic agents that are
suscepti bl e t oFEXDAAE THE MN@ENIUIAN on. SUNNARY OF THE INVENTICN 20The
present invention rglates t.o a . nmethod co Ieast

n

about 80% oxygen f r ot EEFCRIRYSREPHT ‘Fslt?/nl’f %1 oF Toé" o ‘P,Rqﬁ
conprissi ng at {@awlin@NBatWdpiatdxidtive s:zibsmtgttimg pRicbatng] mmm&g;nd
DETAI LED DESCRI PTI ON OF THE | NVENTI ON 25The present 1 nvention
conpri ses, conkickaging FhigpiHe E6$8128¢s essential |y of stabili zi ng at
| east one oxidatively unstabl e ophthal m ¢ conpound dissolved in an
ophthal m cally conpatible solution by renoving at | east about 80%
oxygen from saBACKARQIIND QB [[EN: INVEMHFION e sol ution conpri sing at
| east one oxidative unst.abl e . I
enbodi nents at |eas ltrxa%%eu%lc %e&ts fgm"g%%‘%xg‘&‘%g{r?ﬁ?@ %dthe o &8 ghnerally

10 formulated in either a liquid or gel form and must be kept sterile until

administration. Accordingly, ophthalmic therapeutic agents are either packaged
asceptically, which is cumbersome and expensive or are heat sterilized.
Unfortunately, many therapeutic agents are not oxidatively stable, especially at
elevated temperatures.

15 EDTA has been used to improve the stability of certain therapeutic agents
during autoclaving. However, there remains a need for processes capable of

stabilizing unstable therapeutic agents that are susceptible to oxidative degradation.

SUMMARY OF THE INVENTION
20 The present invention relates to 2 method comprising removing at least about 80%
oxygen from an ophthalmically compatible solution comprising at least one

oxidatively unstable ophthalmic compound.

DETAILED DESCRIPTION QF THE INVENTION

25 The present invention comprises, consists of and consists essentially of
stabilizing at least one oxidatively unstable ophthalmic compound dissolved in an
ophthalmically compatible solution by removing at least about 80% oxygen from
said ophthalmically compatible solution comprising at least one oxidatively unstable

ophthalmic compound. In some embodiments at least about 90% of said oxygen is



-2- renmoved. I n sonme enbodi nents at | east about 95% of said oxygen is
renoved and in still other enbodi ments at |east about 99% of said
oxygen i s renoved. As used herein, oxidatively unstable

opht hal m ¢ conpound ("QUCC') is any therapeutic agent which shows
greater than 10% degradati on when autoclaved in solution with at

| east one oxidative catal yst, but shows | ess than 10% degradati on
when aut ocl aved under the sane conditions wi thout said at |east one
oxi dative catal yst. Oxidative instabili té may be neasured by form ng
a solution of 3 m packing solution contafning 25 ppm of the
therapeutic agent to be evaluated, and exposing the solution, wth
and w t hout oxidative catalysts (100 ppm Cu20 and 100 10ppm FeSO4) to
aut ocl ave condémevsas Iy soppenndimatngt fagstabyut 95% of saidexgands restovel g

i ncl ude oxida h I
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~ one therapeuti ent sel froma I ovi [ dr enal on

i nocapror o e UAHERTRF e SHHRRORTHAGHTE Poahiskb e dFATEO AR Ky
antazol i ne, atcm@@Eﬂ Txid 0 dseibRlty may B Messalkdddy f&@xﬁﬁ@ﬁ a@lhuoxc@frmpl ol,
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cycl opent ol at @ackingrolEion sAp PO NPT HABOHEaDptc BEBY fhshrysugtsd, and
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timolol, trifluridine, tropicam'de, vidarabine, and salts and
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vi tam ns and THRD I ks
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i nventi on may rp‘ %?9 somnme
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from about 10 pilocaafioe)tpolyn(atn Bypreduilgereomidsaide remiagnife, csnm;mﬂmtune 10
to about 500

sorbinil, sulfacetamide, tamoxifen, tetracaine, tetracycline, tetrahydozoline, timolol,
trifluridine, tropicamide, vidarabine, and salts and mixtures thereof. Examples of

nutriceutical compounds include vitamins and supplements such as vitamins A, D,



15ppm The process of the present invention conprises renoving
at | east 80% oxygen fromthe ophthalmcally conpatible solution
conprising at |east one QUOC. In sone enbodi nents the anount of
oxygen renoved is at | east about 90% at |east about 95% and even at
| east about 99% The oxygen renoval is conducted prior 20to heat
sterilization, such as autoclaving. For exanple, oxygen renoval may
be conducted either before or after the QUOC i s added to the
ophthalm cally conpatible solution. If the oxygen renoval is
conducted before the QUOC is added to th&-ophthalmcally conpatible
solution, the solution should be kept under conditions sufficient to
prevent oxygen from being introduced into the 25ophthalmcally
conpati bl e solRtitein, Augdntign, rﬁpbicmgldaﬂdmaonﬂg@bhﬂnhlmjmail}/ compaﬁhke fatiyygais,

may be renove a nunher .of et hods |nclu r gi.n al ternating
freezing and tSHQWSr?@“e(ggBIaQQ omGed: E’Wla@fjrﬁ\%rp 'gce%ﬁ@‘?ﬁ %’é inatigns with
conbi nati on WighbmagbdiRhl @hpotRd¥ing afel 18S It )h:@é.tﬁﬁﬁer@ﬂl@o&lhﬁn{ thk ®UOE 4-
When sparging is used at |east one inert gas ch is capabl e of

di spl aci ng oxyg@rises abl?woeeﬂ{ewpea@wgﬁrﬁéﬁl%?ﬁiﬁw #F@Bf@fu@ﬁ‘iﬁ?a’f"?fbl e
sol utgon under Tke efoBRd finQA%, slq'&ﬁ;mr@n 1 -h%ﬂ@M@-pM%ﬁdﬂ?ﬁdern‘é‘ﬁsﬁlmw&&o[gfl-

oxygen Suitabl'e 1 nert gasses includée nitfogen, elium

conbi nati ons tbl]u[éﬂmiazamde-ﬁmruwﬁéehygﬁl(@l’aﬁﬂ @73%@14@1@@%@ and gigtures

i ncl ude vol u hth I t

about I L. bt AR aBott: st ERe IO bl el o bEBR
4L. In sone em@adlsﬂeﬁédsfram\l@tdmm fm‘naateom-dihydmslle(eenﬂhﬁke. The i nert
gas flow rate na ed . bas t he selected v

desired spargﬁﬂE‘FFWB ggﬁ%l Q%QQﬂpﬁgﬂ %Vﬁﬁ@?ﬁédpﬂﬁ%@dﬁﬁénﬁggggre

hi ghgg inert ga$0$¢gyuag¢gﬁmM@pﬂkgmﬂg times or a ioconbination of
both. Suitable inert gas flowr tes | Iu e frgq1ab ut 10 qut

1000 st andard cubi dhe&pRGeRERtion Y§@WB“§%H@ UoBHt s
an inert gas fJraw ﬂrﬁs%ﬁt 1%3@99%{3&%3 Mbb@: 19sphd RRbSut 100,000 pSRAKYI NY

times may vary based upon t her conditions as described above.
Sui t abl e spar gpmg emibpgimeptsdiogrieboat 10 eabeutdBH0Q penmmﬁemeembﬂqhwtéér@m

5 15ni nutes tq, 24 hqur mnﬁQ@ghéaggggﬁg§m&&ﬂ#§J§%%ﬁa&?ﬂ1b%3

enbodi ments at® %gast about’ y tenperature can e used
for aparging gpnlong as the ophthalmcally conpatible solution
remains a liquid a inthe o hthalg&&ell

t he i s sol.ubl
conpati bl e sol uti o%&?rc{cﬁ%e@éﬁgﬂt PERpE S eSS PE&%et ween
about 0 to 20aRkepdn f&ktisphtRlmisEL doﬂlpsﬁlﬂ@scﬂ?difhﬁidﬂoﬁ‘@ﬁh&g at least one OUOC,
In some embodiments the amount of oxygen removed is at least about 90%, at least
about 95%, and even at least about 99%. The oxygen removal is conducted prior
20 to heat sterilization, such as autoclaving. For example, oxygen removal may be
conducted either before or after the OUOC is added to the ophthalmically
compatible solution. If the oxygen removal is conducted before the OUOC is added
to the ophthalmically compatible solution, the solution should be kept under
conditions sufficient to prevent oxygen from being introduced into the
25 ophthalmically compatible solution during mixing and autoclaving.
The oxygen may be removed by a number of methods including sparging,
alternating freezing and thawing cycles, vacuum removal, vacuum removal in

combination with agitation, combinations thereof and the like.



Al ternatively the oxygen may be renoved by freeze thaw degassi ng.

Sui tabl e pressures for freeze thaw degassing include those | ess than
about 660 mmHg. For degassi ng an aqueous solution at room
tenperature, pressures between 660 and 760mm Hg are desirable. Gentle
agitation or sonication increases the 25efficiency of the process.
When sparging is used the process of the present may al so include
agitation which nmay be provided by any known nethod such as, but not
limted to sonication, stirring, rolling, shaking, conbinations
thereof and the like. -5-- Freeze4thaw degassi ng conpri ses
freezing the ophthalmcally conpatible solution to forma solid and
then thawing the solid. This process nmay be repeated.

Al ternatively, the Vékmtsmaﬂghigdauseyl atloagd and inere gasovhich reapabje Waliwlasinged

to degas condi {] r e i f _
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pl aced under acn%ahﬁénvsea VISR B o 2158 dbdhabit. TASinSHGhs ASw itk hages or
argon, and allowed to warmup to anbi ent tenperatur€. The degassing
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sensitive the QRRbRAL TG bluncs A AR Righl itk %d%cﬂeo%{ {afs Sl tfes or o

15degr adati on, are nore s
degr adat i on beiompimtiby eChatll Suitahhrimrtgae flew.rates includd fremoybhethidl triebait | y

conpat I bl'e sol ltébg?tgngg {:l%lg? cf:n megr ér(%ﬁnngln M?IL}S%F}%S H’fhgainmn%aahlﬁ(ert

conpati bl e car arri 8r's |nc I'ne sol uti on,

m neral oil, patfoweumof ebduy370BEEN is desitbble. sol vents, such as C15-20

al cohol s, C15-20 2Qam des, C15-20 cohol Sgﬁ % ti d W t.h b

zwi tterions, veget Frélrlﬁti‘gesd?ayrﬁaﬁé B He %B'CPE s Sinbed + o 506

by wei ght hydra‘BleYeetSﬁithBl@sbéibi(ﬂg@lme@iﬁ&wdeQﬂl@a’:&t gbout 5 minutes, from about 5

car boxynet hyl cel | ul ose vin rrol j done and ot her nQn-t oxi c

wat ert5sol ubl e rp@useﬁr@r caarss%rﬁm i@ﬂ#ﬂé t%&%&ﬂurfsﬂ@rxn aYme prapodimenip pideast

cel lul ose deriy, g‘g }F-Eﬁl such as nethylcellul ose, alkali netal salts of
el l'ul ose,

car boxy- net hyl c 25hydroxynet hyl cel | ul ose, ]

met hyl hydr oxypr opylAnvehpéretsee cahypd nesdfor opsgingeb liongsdhe emthabsisplland

scl erogl ucan, hy| at RS :

poly(acrylic aogi&% ]J'll% g&{l ﬁ&} %tan]@%é%ﬂéﬂ i Fﬁ?acr y?amozl’zdslé, ﬁlntg% ct’ﬁhgllaimmauy

products, suc h:oag)agﬁb ad;lunon altigg smm:es tenﬂEmtﬁrnsTempﬁagama hetweelk alromy @ to
d,..acaci a, starch derivatives,

gﬂ(r:nh zggnts{]gpcg%rﬁn‘ét ‘{baé agﬁ)enl W&&%@/‘%F%B@ﬂlmg %rch, and al so ot her
synthetic Alternatively the oxygen may be removed by freeze thaw degassing.
Suitable pressures for freeze thaw degassing include those less than about 660
mmHg. For degassing an aqueous solution at room temperature, pressures between
660 and 760mm Hg are desirable. Gentle agitation or sonication increases the
25 efficiency of the process.
When sparging is used the process of the present may also include agitation

which may be provided by any known method such as, but not limited to sonication,

stirring, rolling, shaking, combinations thereof and the like.



products, such as pol oxanmers, e.g. Pol oxanmer F127, polyvinyl alcohol,
pol yvi nyl nethyl ether, polyethylene oxide, cross-linked poly(acrylic
acid), such as neutral Carbopol, or m xtures of those pol yners.
Preferred carriers are water, cellul ose derivatives, such as

met hyl cel l ul ose, alkali netal salts of carboxynethylcellulose, 5
hydr oxynmet hyl cel | ul ose, hydroxyet hyl cel | ul ose,

nmet hyl hydr oxypr opyl cel | ul ose and hydr oxypropyl cel | ul ose, neutral

Car bopol, or m xtures thereof. The concentration of the carrier is,
for exanple, fromO.1 to 100000 tinmes thé-concentration of the active
i ngredi ent conbi nations thereof and the |ike. Wien the ophthalmcally
conpati ble solution is an eye drop, suitable carriers include water,
pH buf fered sal i ne RBadzethaonjegdRhigxbmpres finemnthe apidhdlinécally kempatible
The ophthal mcally coppatibl.e spl utjon. of the,present invention nay
al so be used-é@LFWQUbE%%éﬁPhEa%f&Q?%?35@ﬂ?ﬁpﬁ?igﬁsnge%ﬁn%befﬁﬁae T
device, such as a cOrimsivelyes opMhenidaliecapitibilstiutiah iny o spmisedioe
solution is used as a packaging solution for a contact %gqs.t e
carrier comprid@es @niPREPAe &8 VIN0E PESIER o ExamAls. € GRORRPAlmAGHlY

15could be packageanksilidd SoORME PAhtH: ggivleyp&@m% B 1R oliltiof s @bled
the present invention, 1ncluding conventional and silicone hydrogel

cont act | ensestp lesatanabous 30°Ghprior|tp ayacealing thecysipm e thel degireshpapssusy When
hydrogel fornul.ation tafl ighd bHAimicall
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agents, sol ubidghrRibicalBrddngsatibletssiutitny feaystag énplaced indérai foyitisel pressuransf
agents, chelating agents, preservatives, tti agent t hi ckeners,
stabilizers, cBBYTHERSSHASAYHEPESOr 3897 aﬁggﬁqv@ﬁgmg@%aﬁr?)?@&(??t a

sui tabl e st abikipghmtdicl udes EDTA. The 25 ophthal mically conpatible

solution of the present invention are ophthalmcally conpatible, and
have a pH bet ween ab6ulee®Bsiagaydpaseribed appvedppbedPRtd RIS o BREween

about 6 to aboyt,. i | L& LR QR LhAb M ditichiRAbddRlife
Sobuti on of -+ ribeRib ol Rl tanive the ophFARGRD LARKT AL ng the OUOC
and arsy addi t i degeddatoupdthentusions which fre moed wsceptible 1y degradatipebeinghen a
liquid corrposis'iu'hgg uch as ap eye drop or packaging solution for a

contact |ens, %:’cfygny addi ti onal conponents are dissolved in
the carrier. THe dphthgemiealBl doynpdidtsle sehition maydte fhhmeedsingh finy suiteblef

t he ophthal mcally, conpatible solution.be in excess, of about 6, .
nont hg , and in° ic %é%%‘é‘b%rcé%‘te}érﬁ?rﬁglﬁlcgﬂﬁ(ﬁm idg Mater. Saglrne &/8jin.

more than abouhindray 8 fetrolednl jBilly, takr sd16B1E sdlvdnts, Qichtab €, L AIcBRAING 2, | Y
conpatible solution it is desirable that at |east about_ than 80% of

the o#d gi nal cipidesh Cn xeo plephady SubHEUICth Zwiieriags, v%&bﬂerpigsd)ﬁ.gxme-ral oils
enbodi ment s gr@o%&?{esisng% @B%‘%%%%:ei%}ﬁ?%&}@%%eﬂ?gd%ﬁg%BégﬁPHIEQE,' bl e

solution of the I nvention na ) odiments further
conprise at | eastoxymethelcebelpssnpelyeinylporiphdone andpthabren-texiecrat@rioluplen
polynmers are water - . [ Wb B audlage
el ectron pai r%gr\%%rég&\?@bgﬁ%ﬁg\%%sa%gh ?Tstﬁlfdégu ang\?\g%ugcﬁQ tdgrﬁd\\//\y/i,u Esét vveefln
about 1000 andmathgictllioROTkDDstabsatts af @rtwepsmetnidetiiloge.f ree from

transition nmetal contgini speci.es. #n i ' f, Shiggtd on

ri ch Pol yners %?déo}gym:@{yécﬁp g%?ﬁ??/r? e'fthreyzheY d Orxgﬁﬁ%% SRS, B2y d-di1 ’
chitosan and scleroglucan, acrylates or methacrylates, such as salts of poly(acrylic
acid) or ethyl acrylate, polyacrylamides, natural products, such as gelatin, alginates,
pectins, tragacanth, karaya gum, xanthan gum, carrageenin, agar and acacia, starch

derivatives, such as starch acetate and hydroxypropyl starch, and also other synthetic



15copper and iron containing species. As used herein, "substantially
free fronm' neans that transition netal containing species are present
in the electron rich polynmer in anmounts which are insufficient to
cause further degradation of the OQUOC. Preferably the transition
nmetal containing species are present in the electron rich polyner in
amounts | ess than about 100 ppm in some enbodi nents | ess than about
2050 ppm and in sone enbodi nents | ess than about 20 ppm As
used herein, water soluble nmeans that the selected electron rich

pol ynmer does not precipitate or formvisbble gel particles at the
concentrations selected and across the tenperatures and pH regines
common for manufacturing, sterilizing and storing ophthal mc

sol uti ons. 25!;3ﬁrduptu,rsmols esSpaldxatriees, &.aViRiMdxamer Ftﬂepﬂpvlnaszllﬂiwhou\@blghhy]i s
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electron rich rs’ 1 ncl ude ners conprising esters,” acid
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Pol ymers whi c not™’ haveée g east one ree
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or corrbl nati ons, t.hereof are not ect.ron e..defi
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i ncl yded, howeyeturestift@edtiagi e 1ikBe concentration of el ectron donating
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groups, the less 1Qelectron_rich pol
Speci fic exanpl es ilRePefibal %b&?@%’%ﬁ&ﬂ&mﬂa BTSS! BIVSRUOTBHAS ST s

of methacryl i he FHekydih bEuB6QTHr Gn BFhtHalmbUdRIdeCsuBR bela contact
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t her eof and t Hens| Waen tl\mrélﬂytpwﬂlm @m&bﬁpﬁ@gtrqmpw@sgcﬂa@(aamgyphu@on
acid), poly(vi %&M{ leh g@%% (ﬁls%/(avﬂu@%}eﬁgn%lhﬁls@ﬁ;‘%ﬁ‘ qu?ﬁmlens

conbi nati ons ereo nment t ectron
richipol ymer couigme m@kag@i w(tlamey)bhtbalamady compatible sBheiogloé Bterpogsemti ch
polymer is present in the ophthal m.cally co tile solution in
Brabi 1 21 g erreBiot drlfruna o R o R To@pkd B et heeihe e
vary dependi ngotiReiled leofdieiallyneaitdicigdidgal fonnulefiorshacHAdeG i, t he

concentration of 20other corrponent S he op al mc tible
sol ution, but PgEmacE) Viiileqn, genitlsnyp, 1%‘#1{98{1 r\ygga %tsgn%J}lé% con,

sufficient topreyises abudBénin AROMUE 1ike. 5% i nprovenent in stability.
Sui tabl e anounts of el’ectron rich pol ynmer include between about 10

and about 5, 000 ppithe pphtbaimicallipboapatibletsslubion abhn Peseu inveotonaney Bben
5,000 ppm in sonB. enRQdlMEakSoRGGEN SRR da00 18AdicaRO Yhtith QAR

agents, solubilizers, surfactants, buffer agents, tonicity adjusting agents, chelating
agents, preservatives, wetting agents, thickeners, stabilizers, combinations thereof
and the like. An example of a suitable stabilizer includes EDTA. The
25 ophthalmically compatible solution of the present invention are ophthalmically
compatible, and have a pH between about 5 and about 9, in some embodiments
between about 6 to about 8 is desired.
The ophthalmically compatible solution of the present invention may be

formed by mixing the QUOC and any additional components with the selected



25ppm These exanples do not Iimt the invention. They are
meant only to suggest a method of practicing the invention. Those
know edgeabl e in contact |enses as well as other specialties may find
ot her methods of practicing the invention. However, those nethods are
deened to be within the scope of this invention. -9- Exanples | A
buffer solution was forned by dissolving 8 3 gm NaCl (from Si gna
Aldrich), 9.1 gmboric acid (fromMllincicrodt) and 1 gm sodi um
borate (from Mallincicrodt) in 5IL dei on| zed water (fromMIli Q.
The resulting solution had a pH of 7.65 ’Ketotifen fumarate (from
Signma Aldrich) was added to prepare a solution of approxinately 80
ppmin the buffer solution. The ketotifen solution (3 nm) was placed
in vials, aut&¥Figyehenmy 11%1@0%?@810110‘1‘1‘3]&%4“6@’ STpE PF‘WW@BIS@UEW epow

and anal yzed asntaet 1448Ghi BOAY arﬁl‘%n?%hcﬁﬁ@na%’cﬁ'ﬁoﬁm@r%s 51%%&381%3@1&% carrier.

aut ocl ave cycle) using oHPLC usin an Agil ent Zorbax
Ecl i pse XDB-Cl8 anH lmmﬂmdgmabkelthm thewheblife of the qmiﬂlmlnllcail}tqomllblm

ond e | U AA0% o 05 68 e YA LR O g,
% acesonitril gearmr&véﬁzﬁom tﬂmmb@ubggmqomtmmg rthemhpllﬁhﬁqﬁfah@omnﬁaﬂm‘fcalﬂ}c 2%
triethylam ne, hos OEI en % acetonitrile
i1 0. 075 M of RYBFRl o BEPLGE U pHe Cpha @ TPraReroE S8t e BPRPRGm ne.
0. 13 % o- phos phehteatidgiolthe OUOC remains, and in some embodiments greater than about
90%.
The ophthalmically compatible solution of the present invention may in
10 some embodiments further comprise at least one electron rich polymer. Suitable
electron rich polymers are water-soluble, comprise at least one group with a free
electron pair, have a weight average molecular weight, Mw, between about [000
and about 2,000,000, and are substantially free from transition metal containing
species. In some embodiments the electron rich polymers are substantially free from
1% copper and iron containing species. As used herein, “substantially free from” means
that transition metal containing species are present in the electron rich polymer in
amounts which are insufficient to cause further degradation of the OUOC.
Preferably the transition metal containing species are present in the electron rich
polymer in amounts less than about 100 ppm, in some embodiments less than about
20 50 ppm and in some embodiments less than about 20 ppm.

As used herein, water soluble means that the selected electron rich polymer
does not precipitate or form visible gel particles at the concentrations selected and
across the temperatures and pH regimes common for manufacturing, sterilizing and
storing ophthalmic solutions.

25 For purposes of the invention, the molecular weight is determined using a gel
permeation chromatograph with a 90° light scattering and refractive index detectors.
Two columns of PW4000 and PW2500, a methanol-water eluent of 75/25 wt/wt
adjusted to S0mM sodium chloride and a mixture of polyethylene glycol and



-10- Time (nin) Eluent A (% Eluent B (% 0 100 0 5 100 0 20 0 100 21
100 0 25 100

polyethylene oxide molecules with well defined molecular weights ranging from
325,000 to 194 are used.

Suitable examples of electron rich polymers include polymers comprising

esters, acids, amines, carbonates, carboxylates, thiols, lactates, amides, carbamates,
5 phosphates, nitriles, lactams, and combinations thereof. Polymers which do not

have groups with at least one free electron pair, such as polymers comprising only
ether groups, alcohol groups or combinations thereof are not electron rich polymers
are defined herein. A wide concentration of electronic donating groups may be
included, however, the higher the concentration of electron donating groups, the less

10 electron rich polymer will need to be used. Specific examples include
homopolymers and random or block copolymers of methacrylic acid, acrylic acid,
itaconic acid, fumaric acid, maleic acid, vinylpyrollidone, vinylmethacetimide,
combinations thereof and the like. More specific examples include poly(acrylic
acid), poly(vinylpyrollidone) and poly(vinylmethylacetamide) and combinations

15 thereof and the like. In one embodiment the electron rich polymer comprises
poly(acrylic acid).

The electron rich polymer is present in the ophthalmically compatible
solution in stabilizing effective amounts. A stabilizing effective amount will vary
depending upon the OUOC, the concentration of the OUOC and the concentration of

20 other components in the ophthalmically compatible solution, but generally
stabilizing effective amounts are those sufficient to provide at least about a 5%
improvement in stability. Suitable amounts of electron rich polymer include
between about 10 and about 5,000 ppm, in some embodiments between about 100
and about 5,000 ppm, in some embodiments between about 500 and about 3,000

25 ppm.

These examples do not limit the invention. They are meant only to suggest a
method of practicing the invention. Those knowledgeable in contact lenses as well
as other specialties may find other methods of practicing the invention. However,

those methods are deemed to be within the scope of this invention.



O The results are shown in Table 1, below Table 1  Autoclave Cycle
% ketotifen 0 100 1 0 2 0 3 0 5 The results in Table 1 clearly
show that even a single autoclave cycle has a substantial detrinental
effect on the ketotifen concentration in a buffer solution. Exanple 2
Exanpl e | was repeated, except that the buffer solution was sparged
(with

Examples 1
A buffer solution was formed by dissolving 8.3 gm NaCl (from Sigma Aldrich), 9.1
gm boric acid (from Mallinckrodt) and 1 gm sodium borate (from Mallinckrodt) in
5 1L, deionized water (from Milli Q). The resulting solution had a pH of 7.65.

Ketotifen fumarate (from Sigma Aldrich) was added to prepare a solution of
approximately 80 ppm in the buffer solution. The ketotifen solution (3 mL.) was
placed in vials, autoclaved for the number of cycles shown in Table 1, below and
analyzed as a function of autoclave cycle (3 replicate per autoclave cycle) using

10 HPLC using an HP1100 and an Agilent Zorbax Eclipse XDB-C18 and Rapid
Resolution HT 50 x 4.6 mm x 1.8 p column and the following conditions:

Detector Wavelength : 299 nm
Flow rate: 1.0 mL/min
Injection Volume: 3ul
15 Mobile Phase:
Eluent A: 17 % acetonitrile in 0.025 M dihydrogen potassium phosphate
buffer
0.2 % triethylamine, 0.13 % o-phosphoric acid

20 Eluent B: 50 % acetonitrile in 0.025 M dihydrogen potassium phosphate
buffer
0.2 % triethylamine, 0.13 % o-phosphoric acid



aoni trogen) overnight (-12 hrs) at about 370 standard cubic
centinmeter per mnute (SCCM and subsequently transferred to a

ni trogen box (<0.5 % oxygen). The ketotifen solution of about 90 ppm
was prepared and placed in vials as described above, but in nitrogen
box. The vials were autoclaved and anal yzed as descri bed in Exanple
1. The results are shown in Table 2, below 15Table 2 Aut ocl ave
Cycle % ketotifen O 100 1 98 2 98 3 98 Conparing the results
in Table 2 to those in Table 1, it is clear that sparging the buffer
sol ution and naintaining the ketotifen sb¥ution under nitrogen
significantly inproved (fromO to 98% the ketotifen stability.

5Exanple 3 and 4 Exanples 1 and 2 was repeated, except that 10
gm of poly(acrylic acid) (PAA 225 000, from Palysci ences, Inc.,
20 %in water) was addEmeGminhe | pBheetA Qo) (t Eduent Bii%)vi al s wer e
aut ocl aved and anal yzed a8 descri bedl9h Exanple 8. Thelresults are
shown in Table 3, below 30Table 3 100 0

20 { 100

21 100 0

25 100 0

The results are shown in Table 1, below,

Table 1
Autoclave Cycle % ketotifen
0 100
1 0
2 0
3 0

The results in Table 1 clearly show that even a single autoclave cycle has a
substantial detrimental effect on the ketotifen concentration in a buffer solution.
Example 2

Example I was repeated, except that the buffer solution was sparged (with

10 nitrogen) overnight (~12 hrs) at about 370 standard cubic centimeter per minute

(SCCM) and subsequently transferred to a nitrogen box (<0.5 % oxygen). The
ketotifen solution of about 90 ppm was prepared and placed in vials as described
above, but in nitrogen box. The vials were autoclaved and analyzed as described in

Example 1, The results are shown in Table 2, below.

15 Table 2
Autoclave Cycle % ketotifen
0 100
1 98
2 98
3 98




Aut ocl ave Cycle Exanple 3 % ketotifen Unsparged Exanple 4 % ketotifen
Ni trogen Sparged O 100 100 94 99 2 81 99 3 66 98

10

15

20

~11-
Comparing the results in Table 2 to those in Table 1, it is clear that sparging
the buffer solution and maintaining the ketotifen solution under nitrogen

significantly improved (from 0 to 98%) the ketotifen stability.

Example 3 and 4

Examples | and 2 was repeated, except that 10 gm of poly(acrylic acid)
(PAA, Mw, 225,000, from Polysciences, Inc., 20 % in water) was added to the
buffer solution. The vials were autoclaved and analyzed as described in Example 1.”

The results are shown in Table 3, below.

Table 3
Autoclave Cycle Example 3 Example 4
% ketotifen % ketotifen
Unsparged Nitrogen Sparged
0 100 100
I 94 99
2 81 99
3 66 98

The results for Example 3 (inclusion of an electron rich polymer, such as
PAA, with no sparging) are far superior to those of Example I (no electron rich
polymer, no sparging). However, even with an electron rich polymer some ketotifen
is lost after multiple autoclaving cycles. However, Example 4 (electron rich
polymer and sparging) shows improved stability of the oxidatively unstable
ophthalmic composition. Thus the foregoing examples clearly show that removing
oxygen from the ophthalmically compatible solution significantly improves the

stability of an oxidatively unstable ophthalmic composition, like ketotifen fumarate.



The results for Exanple 3 (inclusion of an electron rich pol yner,
such as PAA, wth no sparging) are far superior to those of Exanple 1
(no electron rich polyner, no sparging). However, even with an

el ectron rich polynmer sonme ketotifen 15is lost after multiple

aut ocl avi ng cycl es. However, Exanple 4 (electron rich polyner and
spargi ng) shows inproved stability of the oxidatively unstable
ophthal m ¢ conposition. Thus the fore90|Qg exanpl es clearly show t hat
removi ng oxygen fromthe ophthalmcally conpatible solution
significantly inproves the stability of an oxidatively unstable

opht hal m c c 05|t | i ke ketotifen fumarate. 20 -12- Wiat is
claimed is: ﬁlﬁFEHBQ% Sconpri sing renmoving at | east 80% oxygen from
an ophthalnlcally conpati bl e solution conprising at |east one

oxi datively unstabl e ophthal m c Sconpound. 2. The process of claiml
wherein at | elash pe@wsDfonsprisinayeypeinga leasridiedxyBn fike ap pplgbamicly

or acoss of craMeEolERenueh At i e SNaF Sdhul SDHE s Pl

5. The procesgn@ouid.ai m 1 wherein said renoving step is acconpllshed
via a nethod selected fromthe group consisting of sparging,
alternating freezing and thaw ng 15cycl es, vacuum renoval and vacuum
removal in c [ t

The process of Diarafes B LR E bRk R BEF oS AR G 0% IIEHBRL
spargi ng. 207. The process of claim6 wherein said sparging is

conduct ed using_an inert
3. gThe process of glalm 1 wherein at least 95% of said oxygen is removed.

ed by

10

4. The process of claim 1 wherein at least 99% of said oxygen is removed.

5. The process of claim 1 wherein said removing step is accomplished via a method
selected from the group consisting of sparging, alternating freezing and thawing
15 cycles, vacuum removal and vacuum removal in combination with agitation and

combinations thereof.

6. The process of claim 5 wherein said removing step is accomplished by sparging.

20 7. The process of claim 6 wherein said sparging is conducted using an inert gas

capable of displacing oxygen.

8. The process of claim 7 wherein said inert gas is selected from the group
consisting of nitrogen, argon, helium and mixtures thereof.

25
9. The process of claim 8 wherein said sparging is conducted using conditions

comprising a volume of ophthalmically compatible solution of about 2 L a flow rate



capabl e of displacing oxygen. 8. The process of claim?7 wherein said
inert gas is selected fromthe group consisting of nitrogen, argon,
hel i um and m xtures thereof 25 9. The process of claim8 wherein
said sparging is conducted using conditions conprising a vol une of
ophthal m cally conpatible solution of about 2 L a flowrate -13- of
370 SCCM (standard cubic centineter per mnute) and a sparging tine
of at |east about 8 hours. 1Q13Ihe process of claim?9
wherein said conditions further conprise a tenperature 5from about O
to about 40C and a pressure of |less than about 660 mmHg. 11. The
process of clgi, rein said.conditions further conprise.roo

t enper at ur e fﬁd%%&ﬁ%r(%n%‘? R CEBNSH Py BT pd 2 eeeingriige B?@)@S@é
of claim1l whgbgi dh&atd ophthal mically conpatible solution fiirther
conprises at |east one stabilizer. 13. The process of claim12
wherein said stabilizer conprises at |east one electron rich pol yner.

]Ié?)T A14' The Rfe° Cﬁi%sprggesg !Jﬂigi]mlg wWHeR T hdia 38t iosnts %E)gtlllérzcgrrnpﬁggg {eln'%pee%ture
5 from about 0 to about 40°C and a pressure of less than about 660 mmIg.

11. The process of claim 9 wherein said conditions further comprise room

temperature and pressures between 660 and 760mm Hg,

10 12. The process of claim 1 wherein said ophthalmically compatible solution further

comprises at least one stabilizer.

13. The process of claim 12 wherein said stabilizer comprises at least one electron
rich polymer.
15

14. The process of claim 12 wherein said stabilizer comprises EDTA.



