WO 2009/123890PCT/US2009/038152 Interaction Control of Cationic Biocides Using Labile Anionic
Polyelectrolytes 5The present application claims benefit of U.S. Provisional Patent Application Serial
Number 61/9&?2&%@1 gggg on April 3,. 2008, the disclosure of Which is .spefgjﬁggyog@gggquated by
reference herein. |eid of the Invention 10 The present invention is directed to methods of
reversibly binding cationic biocides in solution so as to minimize their deleterious effects. In particular,
the present invention is directed to methods of inhibiting the uptake of cationic biocides into medical

devices such as contact lenpgg andivaptanisr¢ind OfatvsiaBliziigesisigns containing cationic
biocides. It has been discovered that under certain condjtions, cis-diol polymers can act as labile

anionic polyelectrolytes, reversibly &ﬁﬁ%%ﬁfﬁiﬂfé%‘?&‘é‘f&e&gr %lrﬂ%hibiting their uptake into contact
lenses. The methods involve the addition of cis-diol polymers to compositions containing borate and
cationic biocides such as polyquaternium-1. 20 Background of the Invention Catignic biocides are

utilized in various BibnatifesmbroARRYsatPheR HBgidaPaetivin? higkinst S RRHE PRk Fafent
microorganismsy asiwe ke {PNBRIb s asnes Al omiaxicitaphe appligaianaienshiehdhey are

used. Examples of cationic biocides include surface active quaternary ammonium compounds such as
benzalkoniuwhididridecah Ao poierateayyreleisnssilgi@dmpounds such as polyquaternium-1.
Although cationic biocides are in widespread use as preservatives and antimicrobial agents in
ophthalmic solutions and contact lens care 30solutions, they can have deleterious effects, and thus
there are tratieidftd tesdriaedonith their use. For example, in any particular formulation a sufficient
amoun;[{}of the WO 2009/123890PCT/US2009/038152 cationic biocide must be present to be effective
in killing/inhibiting antimicrobial growth, yet not so much as to increase the potential for toxic effects
and/or discomfort Wht pevas isentivaddidirceationindiveddas! doets heiriahitgctrrgeicmay cause
compatibility prohlems with other formulation comppnents, Fot 5 ex le, in complex formulations
such as emﬁ&ﬁ‘raéweﬁiﬂ%&éPsF‘éb‘iﬂt%@Bch?aﬁgﬁEg‘i?&?&{)%H%Fgf%gﬁroﬁe‘fé W%\ﬁgégF%%ate in the
presence of gatienicimelatsess thirsdinting thethsgsobthimbibienyiseeffeptive bidcigeichiss in these
types of formulations. 10Multipurpose solutions that can be used to clegn,, disjnfect and condition
lenses are RIAFAHE 4R a%eF£EPEa§WdR?bo%{ﬂ%r Witi‘f%cﬁ?@ﬁ%suéggs. @HA‘?@%uﬁﬁngB se

solutions m%!a@ﬂ?ﬂih%%‘igbﬁmwtaﬁ clipgmolutiondéer usathenh rdaking:88 erRosed to
conventional contactlens clearing or disintect.in? solutions, which typically require a rubbing step in
order to achier desigiategpnditions, cis-diol polymers can ‘act as labile anionic

polyelectrolytes, reversibly binding cationic biocides, and inhibiting their uptake
into contact lenses. The methods involve the addition of cis-diol polymers fo
compositions containing borate and cationic biocides such as polyquaternium-1.

20

Background of the Invention

Cationic biocides are utilized in various biomedical products for their

biocidal activity against a wide variety of microorganisms, as well as for their

25  generally low toxicity in the applications for which they are used. Examples of
cationic biocides include surface active quaternary ammonium compounds such as
benzalkonium chloride and also polyquaternary ammonium compounds such as
polyquaternium-1. Although cationic biocides are in widespread use as
preservatives and antimicrobial agents in ophthalmic solutions and contact lens care

36 solutions, they can have deleterious effects, and thus there are trade-offs associated

with their use. For example, in any particular formulation a sufficient amount of the
-1-



15 level of biocidal performance. Generally, these types of solutions would require a stronger level of
biocidal activity, and thus either a more efficacious biocide or a higher concentration of biocide. In
some instances, there is no requirement that these solutions be rinsed from the contact lens before
being placeduin thesagasand in other cases, the contact lens user may ndtERagpHeseifizent about
rinsing their 20 lenses prior to insertion, so that the solution may directly contact the ocular surface. In

these types of fopRulations thissesessialbacition Yratdhecrpiantial fantaiaalfestnutassienic biocides

be minimized. A particular concern in case of soft contact lenses is the propensity of the 25 biocide to
be absorbediewsihydidgablepe MaTias 8 daSEHEd BRGNS 86X &{TeriscredMmonly
referred to ag b '?g&%‘wgﬁ%%" TYRISS, ARIRkS OcibR R IBEIRES S IdaRdl} thailenssase solution
containing ?ﬁé%%% e. After tﬁg%ns Is replaced i’ntp the eye, the absorbed biocide maﬁf\en be
released fromape dewss ontortpasibijétyispeeh o thdthoteihgal foroudding ivREIINHEeEMive ocular
30tissues. As the lenses may be wor 'og 1§ Q,yg &elgﬁﬁﬁe@w%gﬁ the effect of
amplifyir519 aﬁ}f/aﬁ)n g’ﬁtilgllf ?g%)cf:% or |ﬂ¥%§%%%€%t‘gégf%ﬁe |oci§1§? as the lens'is then ef}f{gcj[ively acting
as a reservoiriiiedhenegatintigd dielegsk dftpletsiotitieaggregatoutd the aivaenagediusabomevide
compositions tt}:% ontajn a catignic biocide have,a reduced.degree.of bjocide upt into hydrogel
biomaterials'88 @ chhflﬁcﬁfgﬁg&} 5 tHig \fa\//g){;,uéo?%}b%‘shﬂFc?n%%er%%ﬁé?v%elg(\:}vl& %a%sor%c %gdes,
including, fotﬁ@r@pk@;@gtgﬁaﬂmic and lens care compositions intended for direct application to the
eye and no-rub and other lens care solutions intended for use with soft contact lenses, could be safely
used without concern for increased toxicity or discomfort, It would also be advantageous to use
cationig piocides ag/peREYAIVESH (o SRS @RMPbATNBACcALIICab efus] ofisinitao uhidnpasditigsiroplet
stability. The present invention is directed to achieving these aims. Summi%/[ In oge aspect, there
Bf oMt Bio

is provided tHa$Sea5E A¥LehY- CORAHNG TSRS PR (REth taRE: 485§ into
hydrogel biopafgHals o WhEIRIRAR HRIRKRrNNbEING aneutef Bisisiahtosi@inie palymes is added to

a composition containing a cationic biocide and a borate. The present disclosure provides, in a first
group of embGtintrteh inaesoaPPRRFGIBRIvgIRetivRMeconEidaNS ilseas pralvesiER
biomaterials, saj t OJppRIisk ding 10,88 S RYS iGOSROSHIo-ERRIAINI Rg.A-Fatignic biocide
an uptake-inﬁglitgr?g%rg‘%%%% ﬁ%ﬁ%ﬁe‘%ﬂﬂ?ﬁc polyaﬁqeélctr%ﬁé. In another embodiment, the method
comprises adidinhdb Haodap sitlorneomvritiegeaadltichisbibeiee ant liborate anld pearésribiting

amount of a gie, ik GANRIING RoMNEL G PIEEHEY embPdHEnt IR GRIANGRIBRIIR S,a Polymeric
quaternary ammonium compound; and the Tis-diol-containing polymer is a galactomannan. In another
preferred enttigimenhcharadtianid hingide.ida poymmstaguetethary snmorigeroompdbad, and the

cis-diol-contajning polymer js polyvinyl alcghol, The present disclosure provides,,in a second group of
embodimen@}ﬁﬁerﬁé’gf\éa% %?c?@ggi{ e %Bfﬁ‘i‘ga&p;“'r? Seﬁlﬁutd sﬁ%rllj %E%tg?%f;ﬁép A'cationic ’b%lgide, said
method comgyisingragding tie-tberesotisionmasramiysion Aiabilizirgdaligenntbie ldhimartheinic
polyelectrolyte. In another embodiment, the method of the present disclosure comprisgs adding to an
emulsici colERIFhBTERONBSBECR At S5 Sltdian %@ﬁﬁﬁ&ﬁﬂ%ﬁb@?&%&%ﬂgﬁw
cis-diol-contaiing ROIYMar o WRRANYIZBRINPGFASAPQRI038IL BABrief Resatiption: abiiie Drawings

effects of cationic biocides be minimized.

A particular concern in case of soft contact lenses is the propensity of the

25  biocide to be absorbed into hydrogel lens materials or adsorbed onto the lens
surface, an effect commonly referred to as biocide “uptake”. Typically, uptake
occurs as the lens resides in the lens care solution containing the biocide. After the

lens is replaced into the eye, the absorbed biocide may then be released from the

lens onto the eye tissue, with the potential for ongoing irritation of sensitive ocular

30 tissues. As the lenses may be worn for some duration, this ongoing release may

have the effect of amplifying any potentially toxic or irritating effects of the
-2-



Figure 1 is a diagram of a segment of hydroxypropyl guar borate (IPG-borate). Figure 2 is a schematic
. diagram of a reaction of a borate ion with a diol-containing polymer. Figure 3 is a graph of colloid
titration of HP-Guar/Borate interactions with Polyquad. 10 Definitions The term labile anionic _
polyelectrolyte means a polymer having anionic charges that are not permanently fixed to the polymer.
15The term cis-diol polymer means a polymer having multiple hydroxyl groups, the hydroxyl groups
being orienteid idhesmdediréctiom EXertiplyyacistivtpobpseiwindudagaartEbponeass| alcohol.
The term catignic bjoc{&e means an antimicrobial agent having fixed 20 positive charges, and being
either monoﬁéﬁ%%’f’ﬁ Ymer. Exemplary cationic biocides include those with quaternary ammonium
groups such as polyguaterniums, and those with phosphonium groups. The term uptake-inhibiting
amount means an amount of cis-diol polymer 25 sufficient to inhibit tﬂbe?upta e.of a ca%tionic biocide

present in a compa&itioRd BEndvBHEBARIM AR RTINS GRTPRTIHERIFST o & iR thE SR Utiizing the
teachings O%ﬁﬁﬁiﬁée?%hm)@@ti%p&@%ég%@%ﬂ’lﬁ@cﬁ@@iﬂfp@&w&hﬁ\mhp@r@l@l nobsmesriaicelation to

other components of the composition, based on the desired characteristics of the compagsition as a
whole. 30 W@:hZ@@@AIEBQQQP@T-/@I’S‘@@@W@BSQ‘B’EPGS“FH%%@Fﬁ?@ﬁﬁﬁs%#—’s?&ﬂfﬁ%’iﬁ&’gﬁﬁ it means an
amount of cig.diokpalvmer sufliientp ncinsarinestabilly eiApoemulsiaReapianinoagationic
biocide relative 10 a reference catioric biocide-containing emulsion that does not contain a cis-diol
polymer, baspdlonéonulsite siabilitystesmhgnikbatbusitaoomrcinalsians BitendpAdaeit SHEMA-MAA"
means contact lenses comprised of poly(2~ hydr t -qgm%qg}é& id). Exemplary
pHEMA-MAZA’ r%’ég%%cjﬁ & SA%%@SE??) éaf? ok‘ilr%%s)ftﬁ)yr?‘F ﬁ%%{ﬁr%%%é%@ﬁé term "an amou%% effective to .
preserve” mgarsafoamounbaldal antisnidrebiaiszgentefisctiat oniprotuciieg digrissinadedfect of
preserving the solutions described %%Lem from micro. |?%Ig%ontamé%%tlor%£r?afgrgt%lé(iﬁtn amount which,

either singly@iﬁ%ﬁbiﬁgﬂaﬁ%ﬁﬁt Ste™aadit antimfcrobia aBentS, iS sufficient to satisfy
the preservagiva ffisamnirRaUisements ob tunidniipdiaStates. Pharmacopoeia ("USP").

Summary

In one aspect, there is provided the use of a cis-diol-containing polymer to inhibit
the uptake of cationic biocides into hydrogel biomaterials, wherein an uptake-inhibiting
amount of a cis-diol-containing polymer is added to a composition containing a cationic

biocide and a borate.



The term "an amount effective to disinfect”, means an amount of antimicrobial agent effective in
producing the desired effect of disinfecting contact lenses by substantially reducing the number of
viable microorganisms present on 20the lenses, preferably an amount which, either singly or in
combination with one or more additional antimicrobial agents, is sufficient. The term
"ophthalmically acceptable vehicle” means a pharmaceutical composition having E&fical properties

(e.g., pH and/or oSthokiksettlisdapspieyiistogicaliyjst erpamighrABSAthamKASAes.  Unless

stated otherwisg,.an inE%%atio of a.% amount.of.a component corresponds ta wej ﬁl]t d&!H e %. WO
2009423890‘@%%7@@2 %@i%f%%% 8t Desefiption %f%ﬁgrpﬁgr%%gﬁmgeq‘%é’r%ag éH or&ﬁ]e present
invention is, inape aRbedinenta dmeshadokinbibiiogtos uptandigatienitonioctdesi itesontact
lenses, the method 5 comprising providingto a c% tact lens care ¢ positgon co tainﬁiggtg?cationic

r

biocide and #ak&rEBPIBEKERABIting Anfoul®ta ABEREIRARIRGISoRfertin arred

em bodim?”teﬁﬁ'@o@ﬁﬁ@iﬁ'ﬁ?@t%ﬂﬁ&dp@&mﬁsﬁ adBRceMARsRARVMie aetwishing tedenbound by
theory, it is believed that galactomannans lo and other polymers with cis-diol mojeties such as

polyviny! alcofrotidslidndcohrs #mhae Hakic pBIDEIBEIRAE R e EEBHEOBR BIREBUY Piis above 7,
resulting in an elecirostafic inferacign between the pelyeleciiglyte;and giersaliies A syriaces with
positive charges, for example, cationic biocides. The electrostatic interaction is not fixed, however, due
to the labile naiterofithecmipniocharddhe |8 Sdigrizintlinioadeifsac ot captiepisoms While the

interaction is found to be. effective .in reducing;the uptake of. the cationic higeide:int I
biomaterials ﬁ?&@ﬁﬁwé’?ﬁﬁ%&cIgﬁébégscglmeené’at%%ig uilgtg’crzll1 G%IIIQI%%%U ||Sor?‘ ng% rt glleg; mg%%%ﬁ effective
antimicrobial agthdiuA0Sse s et hndiheois-dfdheqpresent iputntioni prefereislyl uitizeo!.
galactomannan. Galactomannan is one of a number of polysaccharides containing cis-diol moieties.
The types of galactomannans that may be used in the present invention are typically derived from guar
gum, locust bean gurhandstaradgusosAs pised sipiain sthenik prtipalbeidradinran, refers to
polysaccharides derived from the 25 above natural gums or similar natural or synthetic gum

containing markibeé oF iGaTsamiRe FoRaR4Iy b Sth GRS 4O I IS ST PRSI0 fts .
Preferred ga'%%t&x%‘ﬂ%w@fiﬁ@ea%ﬁﬁg%if%%nyaa@fgn%d%rﬁmgfoﬂn%ﬁ i3s ghohrd)of a
y

.beta.-D-mannopyranosyl units with .alpha.-D-galactopyranosyl units attached by (1-6) linkages. With
the preferred ighiactorann @y thecretistof - garibesemb olineHiaihosaathr e hile garesally will be
from about 1:2 to 1:4. Galactomannans having a D-galactose:D-mannose ratio of about 1:2 are most
preferred. WO 2009/123890PCT/US2009/038152 Additionally, other chemically modified variations of
the polysaccharides are also included in the "galactomannan” definition. For example, hydroxyethyl,
hydroxypropyl and carboxymethylhydroxypropyl substitutions may be made to the galactomannans of
the present invention. Non-ionic variations to the '
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5 galactomannans, such as those containing alkoxy and alkyl (C1-C6) groups are particularly preferred
(e.g., hydroxylpropyl substitutions). Substitutions in the non-cis hydroxyl positions are most preferred. -
An example of non-ionic substitution of a galactomannan of the present invention is hydroxypropyl
“guar, which is preferably substituted up to about a 0.6 molar ratio. 10 The galactomannans of the
present invention may be obtained from numerous sources. Such sources include guar gum, locust
bean gum afddarargenmprshsriddmddscrilea batowoddianaitipniidigaldetembanans may also be
obrained by ciaseealNIBcRUIRR O MR RE atiainesi oy hemital madiication of 1Snaturally

occurring galactomannans.  Guar gum is the ground endosperm of Cyamopsis tetragonolobus (L.)
Taub. The water soluble fraction (85%) is called "guaran” (molecular weight of 220,000), which
consists of linear chains of (1-4)-.beta.-D mannopyranosyl units with .alpha.- 20 D-galactopyranosyl
units attached by (1-6) linkages. The ratio of D-galactose to Dmannose in guaran is about 1:2. The
gum has been cultivated in Asia for centuries and is primarily used in food and personal care products
for its thickening property. It has five to eight times the thickening power of starch. Its derivatives, such.
as those containing hydroxypropyl or hydroxypropyltrimonium chloride substitutions, 25 have been
commercially available for over a decade. Guar gum can be obtained, for example, from
Rhone-Polulenc (Cranbury, N.J.), Hercules, Inc. (Wilmington, Del.) and TIC Gum, Inc. (Belcamp, Md.).
Locust bean gum or carob bean gum is the refined endosperm of the seed of 30the carob tree,
ceratonia siliqua. The ratio of galactose to mannose for this type of gum is about 1:4. Cultivation of the
carob tree is old and well known in the art. -8- WO 2009/123890PCT/US2009/038152 This type of
gum is commercially available and may be obtained from TIC Gum, Inc. (Bekamp, Md.) and
Rhone-Polulenc (Cranbury, N.J.). Tara gum is derived from the refined seed gum of the tara tree. The
ratio of 5 galactose to mannose is about 1:3. Tara gum is not produced in the United States
commercially, but the gum may be obtained from various sources outside the United States.
Chemically modified galactomannans such as hydroxypropyl guar may also 10 be utilized. Modified
galactomannans of various degree of substitution are commercially available from Rhone-Poulenc
(Cranbury, N.J.). Hydroxypropyl guar with low molar substitution (e.g., less than 0.6) is particularly
preferred. The structure of HP-Guar is shown in Figure 1. Typically there are about 15 two mannose
units for every galactose; however, the detailed galactose content is determined by the guar plant. The
molecular weight of the guar is a function of the galactose content and the polymannose chain length
which can be lowered during processing. 20The reaction products between HP-Guar and boric acid
are known to generate cross-links and influence the viscosity of the polymer solution. Boric acid is a
Lewis acid which reacts with water to give the borate ion with the release of a proton: B(OH)3 H20 -*
B(OH)4" + H. The pKa for this reaction is 9-9.2. Borate ions can condense onto two cis-diol groups as
shown in Figure 2. When this occurs, '



25 an anionic charge is added to the chain and a crosslink is formed. Alkyl boronates such as
methylboronic acid and phenyl boronic acid also bind to some carbohydrates,-however, with only one
reaction site, they do not give crosslinks and thus do not promote gelation. However, they can add
anionic chargé)f'g fﬁ?ﬂ/mer. Based in part on the experiments describg§wwgfp%§]6 lieved that
guar 30becomes an anionic polyelectrolyte in the presence of borate at pH's above 7. However, due to
the lability oBttiefsB esaripfisksoflibeblnaeingse not fixed. -9- WO 2009/123890PCT/US2009/038152
Certain other embodiments of the present invention preferably utilize polyvinyl alcohol (PVA). PVA is
typically prepared by removing the acetal groups of polyvinyl acetate via hydrolysis. PVA is available in
a number of‘igace’t ivachinEdifierimseetentad b gulyprerpatignaperceat Bydelyiss, and residual
acetate content. Such differences affect the physical and chemical behavior of thc different grades.
PVA can be divided into two broad categories, i.e., completely hydrolyzed and partially hydrolyzed.-
Those contafing: 4%sresichimhadeditgrontent ocdetismod sehertad imnasidompletembintpdnolgzed.
Partially hydrolyzed grades usually contain to 20% or more residual acetate. The molecular weight of
PVA's may D8 Rdm 20,000 to 200,000. PVA is commonly used as a viscosity enhancer, and may be
used in RGP products in order to improve the comfort and wearing time of RGP products. PVA is also
used as a viscosity enhancer for pharmaceutical gphthalmic compositions such as eye drops, gels or
ocular inserfagHigendialt FETAPHs&d irolaphiiirtrnp R ddks R Brmierdgienrdiertia¥iteight in the
range of 30,800 4R-400,000 with 11% to 14% residual acetate. ~ While the exact amount of cis-diol
polymer in the compositions will vary according to the polymer and the formulation, compositions of
the preent 20 invention generally contain cis-diol polymers at a concentration of from about 0.01% to
about 1% wﬁegﬁgﬁgﬁgly between about 0.025% to about 0.25 % w/v, more preferably between about
0.051t0 0.15% - 1ne borates which may be used in the compositions of the present invention 25
include boric acid dhd dener pHdfenacisudeagl selsepribie sakensuehpatysvdilmvbesat@i®idtax) and
potassium b&r%tee.s A Q ]p&rggr}g}g&{ﬁf 1 é)({%eghge}gggg&%gll pharmaceutically suitable forms of
borates, as well/as metaborateS. Boratesare common‘extipients in ophthalmic formulations due to
good buffering capacity at physiological pH and well known safety and compatibility with wide range of
30 drugs and pre rva%es. Borates also have inherent bacteriostatic and fungistati ol erties which
provide improved Servative' S éi%n?so. NG WEBoboAL8BEE }%586%1 8%%%  he
compositiongrenpg)ayechindtos yirgsenisrivenganieanidim aleatiome dptioncroliatbagimty afid optionally,
one or more additional bigcide jf requir%\a for optimum preservation or disinfection. Cationic
antimicrobia 84 BREBFESIBRBOE ders: tﬂ%%&@%@é@harges which may be either monomeric or
polymeric, and derive their antimicrobial activity through a chemical or physicochemical interaction with
microorganisms. Preferred polymeric cationic biocides include: polyéguaternium-l,_and

polyquatemium-40 {Fo i SRR PRRIHB nATEh BRJANTRREARR 38R Ry HiBatriishy
ammonym campEUNGS JReSHmBrgHEdither monomeric or polymer. Exemplary cationic

biocides include those with quaternary ammonium groups such as polyquaterniums,

and those with phosphonium groups.

The term uptake-inhibiting amount means an amount of cis-diol polymer

25 sufficient to inhibit the uptake of a cationic biocide present in a composition to a

hydrogel biomaterial. It is within the skill of one in the art, utilizing the teachings

of the present invention, to determine the specific amount of cis-diol polymer in

relation to other components of the composition, based on the desired
characteristics of the composition as a whole.
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10 antimicrobial agents are disclosed in U.S. Pat. Nos. 4,407,791 and 4,525,346, issued to Stark., and
U.S. Patent Nos. 4,361,548 and 4,443,429, issued te Smith et al., respectively. The entire contents of
the foregoin%&ublications are hereby incorporated in the present specification gxoreference. Other

cationic anti Fg?)‘iﬁ?gﬁ%nts suitable in the compositions and methods o?%%%res%% FiAdention

include: 15 other quaternary ammonium compounds, such as benzalkonium halides, benzethonium

halide, cetrimide, fhedptmtenguaiernsiap dErmBoimewsFenaas alosa Gatoas Al BB ENt Nos.
4,503,002 2y, 200 Q0% axb syl abRasehPhsiaen s ieaethed Il R Calepidlo
es Ipyridinium halide t

4,215,064, pyridinium biocides, such as ce s, and other biocides with fixed positive
charges. 20-&dditiona bideides:\whiobnin dydeederesetaiiingquiredimathbidasy aptroséasurable for use

in topical ophthalmic or | f lai including..f i id h
ol BT o B s e SR B B o8 oy chioro

compounds, such as Purite(r). 25Particularly preferred cationic biocides of the present invention are

polymeric quaternary ammoni nds of the structure:, WO 2009/123890RCT/152009/038152
(I) 5wherein: RI kTR S DEIEATVASS cifaahs SRS JeTSE SRR LR )3 N(CH3)2

or OH; ioX igyaRhgunasenticalyapeepiabliararioncnieierablycohiosige; MENMA=-M/imdgeasedrom | to 50.
The most preferred compounds of this structure is polyquaternium- |, which is also known as Onamer
M TM (regisitsBderaevapot dﬁ%@ﬂ%ﬁﬁga}‘@&‘}:}oraﬂon) or as Polyquad10 (registered trademark of
Alcon Laboratories, Inc.). Polyquaternium-1 is 15a mixture of the above referenced compounds,

wherein X is chloride and RI, R.2 .
10 The term “an amount effective to preserve” means an amount of an

antimicrobial agent effective in producing the desired effect of preserving the
solutions described herein from microbial contamination, preferably an amount
which, either singly or in combination with ene or more additional antimicrobial
agents, is sufficient to satisfy the preservative efficacy requirements of the United

(5  States Pharmacopoeia (“USP”),

The term “an amount effective to disinfect”, means an amount of
antimicrobial agent effective in producing the desired effect of disinfecting contact
lenses by substantially reducing the number of viable microorganisms present on

20  the lenses, preferably an amount which, either singly or in combination with one or

more additional antimicrobial agents, is sufficient.

The term “ophthalmically acceptable vehicle” means a pharmaceutical
composition having physical properties (e.g., pH and/or osmolality) that are

25 physiologically compatible with ophthalmic tissues.

Unless stated otherwise, an indication of a % amount of a component

corresponds to weight/volume %.



and n are as defined above. = The above-described antimicrobial agents are utilized in the methods
of the present invention in.an amount effective to eliminate substantially or to reduce 20 significantly
the number of viable microorganisms found on contact lenses, in accordance with the requirements of
' government&f?ezaﬂﬂat"gﬁfloagencies, such as the United States Food and Igﬂféuﬁ%fr??m@ﬂ%tion. For
purposes of the present specification, that amount is referred to as being "an amount effective to
Daipdndbicsotiptigre ffetigdnyemtion” The amount of antimicrobial agent 25 employed will
vary, depending on factors such as the type of lens care regimen in which the method is being utilized.
For example, the use of an efficacious daily cleaner in the lens care regimen may substantially reduce
the amount of mat&tial dethositedl the theetensd@syéndlomlifsg micworgabisiserind thatsby leBsen the
amount - 12- W0Q.2009/123890PCT/US2009/038152 of antimicrobial agent required 1o, diginfect the
lenses. In gérﬂg éﬂ%c %eﬁ?%% %omc %1 CQies 6"5%08811%03\1 R g 0/o.ng?/h\(/)vcgight of one

6n T ti& 1 AHGe Ofalsstt 0 '3Dout 0
or moresof thempaviegigsoritkingantniczoniattagentswdl berepopltyedcditeiningt predameid
concentratiqn of the polymeric quaternary,ammonium compqunds of. Formula (l) is 5about 0.0001% to
0.001 by w é‘?ﬁ?g& a$§g1/ Wé‘%eﬁﬁqﬂ%g%%qﬁﬁiéﬂl% péﬁf‘b‘é@ﬁ ngg’ﬁ%éjéﬁ( W¥fention may
be used inclugde pargusityareashbipmmtesiglsidiydrogialbioraataitals argpalitnemnsaaain networks or
crosslinked polymeric systems that contain water in o their hydrated state. Conventional hydrogel lens
materials are made from such hydrophilic monomers s 2-hydroxyethyl methacrylate (IIEMA), glyceryl

methacrylate and Nyyinylpyrielidione (\BEDediess mateyiasitypigrik piavide:rdigh-deare of

flexibility and a significant water content, in many ways emulative of biological tissue. Silicone
hydrogHls réné sehgrapRitieeisasibeiydivgBiaisiesisrchss polyyindiclaabel adibbatamése and other
various bypagiaie el o SATRISRFARIAH IRBSFE: AL obeJorRaRIg Y BkR0eyRaS Rifpfound in
various types of soft contactlenses. The present invention may be used with a variety of types of
contact lensigs asuelecisobiaitr; $oftraigidrandissigabepenlystasieohrid ghiéorbdenstscanbther type of
contact lens is the rigid.type, including rigid-gas- able (RPG). er positions
employed e L SRR SRR e e oo
antimicrobialipreseivativenag dixts], thoiweity ardjdisting dgehitsilbufftuscaot theedatingagearts:sOther
polymer or 25 manomeric agents such.as polyethylene glycol, and.glycerol may.also, he addcd for
specialgﬁaroc gg?ﬁ‘éf iéﬂﬂf’g fﬁﬁgﬁﬁ%@gﬁ%ﬁ%}éf%xfl f?ﬁatﬁéyl?of?n&%sfﬁ% g%‘fotlﬁéspt;%%% l3‘:|)n\g/l%ntion may
include saltgfuychasinaddirichiciideptassithn chiioriie Woei dalzitmrhellogde bantapaiydis such as
mannitol and sorbjtol; non-ionic tonicity agents may include propylene glyco| and glycerol, chelating
agonts may HRRBEGEBIA LS M ARH o DRSS AR 8 VHORE Ry E Mo 2cic
Tris, triethangtappog Anphsodibi Aygiexide. Suitable anti-microbial agents/preservatives - 13 - WO
2009/123890PCT/US2009/038152 are discussed more fully below. The above listing of examples is
given for illustrative purposes and is not intended to be exhaustive. Examples of other agents useful
for the fgregoing purneses augMsRiERWN Brorhthalpicand sRntagiensraredernulatipn.and are

contemplated by the present invention. . ' o
galactomannan. Galactomannan is one of a number of polysaccharides containing

X

cis-diol moieties. The types of galactomannans that may be used in the present
invention are typically derived from guar gum, locust bean gum and tara gum. As
used herein, the term “galactomannan” refers to polysaccharides derived from the
25 above natural gums or similar natural or synthetic gums containing mannose or
galactose moieties, or both groups, as the main structural components. Preferred
galactomannans of the present invention are made up of linear chains of (1-4)-
.beta.-D-mahnopyranosyi units with .alpha.-D-galactopyranosyl units attached by
(1-6) linkages. With the preferred galactomannans, the ratio of D-galactose to D-
30 mannose varies, but generaily will be from about 1:2 to 1:4. Galactomannans

having a D-galactose:D-mannose ratio of about 1:2 are most preferred.
-7



5 The_ following examples further illustrate various embodiments of the invention. These examples
are provided to aid in the understanding of the invention and are not to be construed as limitations
thereof 10 Example | Colloid Titration in Support of an Interaction betwe - r ate and a
qationic k_)ioc}?b%z ({V& gd(r)). 15Streaming potential titration was perforr%%ﬁll_lggszlﬁg?gg lgj{ek PCD T3
titrator with a Mutek POD 03 streaming current detector (SOD). The detector has a cylindrical cell and

a piston thatddétimaaléyfrothep slycaiedily roodifiehs tRatimp Thihpalgblsatroraklss e dimple adsorbs
e e polhSlidigs e 228" < pisian suAse- Taemiion ospliplesdnbi collyetigpliagueezng the
rom e

. ]
fluid. 20 Pof)r/lg ec rolytles are separate the counterions by the flow which'creates a streaming

po;[enltialtth?@&dgﬁpe@@lmﬂhmwdymmwﬁgérommwélBuﬁsﬁﬁlﬁeﬂs polydhecnalaéidhftrated by
polyelectrolyte with counter charge. In a typical experiment,.10 mL of s was loaded into the
gylind_ricalt Q?%ﬁfmgﬁz%y(&a%%lm; §P§éﬁﬁonﬁ%g ﬁ%ig%f{%%%%Mg@) Z%étitrant. All
xperimentg2hdare or threth tspesoat AbIE gtbkpkiyod@i2alkhk fE€dulis pexgeriatents
conducted using HP Guar, borate and Polyquad(r) are shown in Fiqure 3, The results demonstrate that
with the add?ﬁﬁf%@éﬂ%%%ﬂi‘?‘ﬁ%‘Eeti’ﬁ’&égyﬁ’é'%ﬁcﬁéﬁﬁ%@r? %Sgc%é{é%se%l‘ttsl B along the x-axis),
indicating ag;ingyaasing pratasiondeivaendifirtl auBetatepindRalycisati{ubhiasdarsults support a

30conclusion that the decrease in bound borate concentration s a reflectjon of Polyquad(r) binding to
the HP-Guat beraeasermiaites. tha- W@@%G@YEQ@Q@O&C%YQ%@@?@%ﬁf‘ﬁxﬁﬁ:ﬁg és) Reduction

of Polyquadgp). Kiptakesinto Ralihydraxsibyh Methagadaiad Methacrylate (DHEMA-MAA) Acuvue 2

lenses using HP-Guar Table 1 shows the vehicle used to explore the dose response of HP-Guar on
the uptdke of Polyquad(r) into Acuvue 2 lenses. Table 1. Composition of formulation vehicle for lens

uptake studies. 10’[%@”%%3%91@[%&0%? At ﬁ?é@ﬁjcyqﬂ@gr@on may be obtained from

numerous sources. Such sources include guar gum, locust bean gum and tara gum,
as further described below. Additionally, the galactomannans may also be obtained
by classical synthetic routes or may be obtained by chemical modification of

15 mnaturally occurring galactomannans.

Guar gum is the ground endosperm of Cyamopsis tetragonolobus (L.) Taub.

The water soluble fraction (85%) is called “guaran” (molecular weight of 220,000},
which consists of linear chains of (1-4)-.beta.-D mannopyranosyl units with .alpha.-

20 D-galactopyranosyl units attached by (1-6) linkages. The ratio of D-galactose to D-
mannose in guaran is about 1:2. The gum has been cultivated in Asia for centuries

and is primarily used in food and personal care products for its thickening property.

It has five to eight times the thickening power of starch. Its derivativeé, such as
those containing hydroxypropyl or hydroxypropyltrimonium chloride substitutions,

25 have been commercially available for over a decade. Guar gum can be obtained, for
example, from Rhone-Polulenc (Cranbury, N.J.), Hercules, Inc. (Wilmington, Del.}

and TIC Gum, Inc. (Belcamp, Md.).

Locust bean gum or carob bean gum is the refined endosperm of the seed of
30 the carob tree, ceratonia siliqua. The ratio of galactose to mannose for this type of

gum is about 1:4. Cultivation of the carob tree is old and well known in the art.
-8-



0.0002 Hyd oxypropyl Guar 8A 0.025-0.1 Sorbitol 0.4 Propylene Glycol 1.0 Sodium Chloride 0.3
Tetronic 1304(r) 0.1 Sodium Borate Decahydra e 0.6 EDTA 0.05 pH 8.0 The lens uptake data is
shown in Table 2. Formulation services D, E, F and A were modified by increasing the HP-Guar
concentratioh T 07025% to 0.1% using a targeted Polyquad(r) concenﬁ%\ @ng D 06%1%2 and pH 8.0.
Increasing the HP- 15 Guar from 0.025% to 0.1% decreased the PolyquadO uptake in the Acuvue 2
lenses fromThis dgpend eno 34 sioeresciptly autilablsronthaminbrapheamerafirm TG deEBr HP-Guar on

P0|yquad(r)Ilr?@.%ﬁ&ga%%ﬁ{ﬁ%r.)zaﬁ}{%%ned’olulenc (Cranbury, N.I).

Tara gum is derived from the refined seed gum of the tara tree. The ratio of
5 galactose to mannose is about 1:3, Tara gum is not produced in the United States
commercially, but the gum may be obtained from various sources outside the

United States,

Chemically modified galactomannans such as hydroxypropyl guar may also
10 be utilized, Modified galactomannans of various degree of substitution are
commercially available from Rhone-Poulenc (Cranbury, N.J.). Hydroxypropy! guar

with low molar substitution (e.g., iess than 0.6) is particularly preferred.

The structure of HP-Guar is shown in Figure 1. Typically there are about

15 two mannose units for every galactose; however, the detailed galactose content is
determined by the guar plant. The molecular weight of the guar is a function of the
galactose content and the polymannose chain length which can be lowered during

processing.

20 The reaction products between HP-Guar and boric acid are known to
generate cross-links and influence the viscosity of the polymer solution. Boric acid
is a Lewis acid which reacts with water to give the borate ion with the release of a
proton: B(OH); + H,O — B(OH), + H'. The pKa for this reaction is 9-9.2. Borate
ions can condense onto two cis-diol groups as shown in Figure 2. When this occurs,
25  an anionic charge is added to the chain and a crosslink is formed. Alkyl boronates
such as methylboronic acid and phenyl boronic acid also bind to some
carbohydrates, however, with only one reaction site, they do not give crosslinks and
thus do not promote gelation. However, they can add anionic charge to the
poly'fner. Based in part on the experiments described below, it is believed that guar
30 becomes an anionic polyelectrolyte in the presence of borate at pH's above 7.

However, due to the lability of these crosslinks, the charges are not fixed.
-0



Formulation HP-8A Concentration Acuvue 2 Lens Uptake (jig/lens) 0.025 0.7 0.050.6 F 0,074 0.5 A
0.1 0.34 WO 2009/123890PCT/US2009/038152 These results demonstrate that HRP-Guar can be

used to the lower Polyquad(r) uptake in Acuvue 2 (Group IV) lens materig| eduction
demonstrat%qiﬁ%%/%’g&qts from HP-Guar acting as an anionic polyeIectr%?y@ﬁ%btﬁé%qe{%ence of
5borate. Example 3

Certain other embodiments of the present invention preferably utilize
polyvinyl alcohol (PVA). PVA is typically prepared by removing the acetal groups
of polyviny! acetate via hydrolysis. PVA is available in a number of grades, each

s differing in degree of polymerization, percent of hydrolysis, and residual acetate
content. Such differences affect the physical and chemical behavior of the different
grades. PVA can be divided into two broad categories, i.e., completely hydrolyzed
and partially hydrolyzed. Those containing 4% residual acetate content or less are
referred to as completed hydrolyzed. Partially hydrolyzed grades usually contain

10 20% or more residual acetate. The molecular weight of PVA’s may vary from
20,000 to 200,000. PVA is commonly used as a viscosity enhancer, and may be
used in RGP products in order to improve the comfort and wearing time of RGP
products. PVA is also used as a viscosity enhancer for pharmaceutical ophthalmic
compositions such as eye drops, gels or ocular inserts. In general, PVA used in

15 ophthalmic products has an average molecular weight in the range of 30,000 to
100,000 with 11% to 14% residual acetate.

While the exact amount of cis-diol polymer in the compositions will vary

according to the polymer and the formulation, compositions of the present

20 invention generally contain cis-diol polymers at a concentration of from about

0.01% to about 1% w/v, preferably between about 0.025% to about 0.25 % w/v,
more preferably between about 0.05 to 0.15 % w/v,

The borates which may be used in the compositions of the present invention

25 include boric acid and other pharmaceutically acceptable salts such as sodium
borate (borax) and potassium borate. As used herein, the term “borate” refers to all
pharmaceutically suitable forms of borates, as well as metaborates. Borates are
common excipients in ophthalmic formulations due to good buffering capacity at
physiological pH and well known safety and compatibility with wide range of

30 drugs and preservatives. Borates also have inherent bacteriostatic and fungistatic

properties which provide improved preservative systems.
- 10 -



Effect of HP-Guar on Disinfection Activity and Lens Uptake of PolyquadO. TO Additional studies were
pursued in order to explore lowering the lens uptake values further by increasing the HP-Guar

concentration. Table 3 shows that the uptake data for HP-Guar concentrati(%pg 0&}0/.&;;{%20.12% and
0.14% Were%%?(ﬂ?é]ﬁéwg 0.29 ttg/lens and 0.24 ttg/lens, respectively. 15 bidhredidi stieen data is

also provided in Table 3. The control formulation G is the marketed Opti-Free(r) Rinsing, Disinfection,
and Storage Solution. The data shows that the secondary screen disinfection criteria was met. 20

Table 3. Effect of .Gy a0 ie-RisilAsien Seraen anddhenlpiake obRiinieciagcaglutions
ontaining Polyquad(r). Component A Polyquad(r) 0.00025 0.00025 0.00025 TETRONIC 1304(r)
0.1 0.1 0.1 MRiBIeBAl Ggeotiand optionally, one or more additional biocide if required for
optimum preservation or disinfection. Cationic antimicrobial agents are compounds
s with fixed positive charges which may be either monomeric or polymeric, and
derive their antimicrobial activity through a chemical or physicochemical
interaction with microorganisms. Preferred polymeric cationic biocides include:
polyquaternium-1, and polyquaternium-40  (poly(dimethyldiallylammonium
chioride), which are polymeric quaternary ammonium compounds. These preferred
10 antimicrobial agents are disclosed in U.S. Pat. Nos. 4,407,791 and 4,525,346,
issued to Stark., and U.S. Patent Nos. 4,361,548 and 4,443,429, issued to Smith et
al., respectively. The entire contents of the foregoing publications are hereby
incorporated in the present specification by reference. Other cationic antimicrobial
agents suitable in the compositions and methods of the present invention include:
15 other quaternary ammonium compounds, such as benzalkonium halides,
benzethonium halide, cetrimide, phosphate quaternary compounds such as those
described in U.S. Patent Nos. 4,503,002 and 4,503,002 (Mayhew et al.),
phosphobetaines as described in U.S, Patent No. 4,215,064, pyridinium biocides,
such as cetylpyridinium halides, and other biocides with fixed positive charges.
20  Additional biocides which may be present if required may be any of those suitable
for use in topical ophthalmic or lens care formulations, including, for example,
biguanides such as polyhexamethylene biguanide (PHMB), polyaminopropyl
biguanide (PAPB) and stabilized oxychloro compounds, such as Purite®,

25  Particularly preferred cationic biocides of the present invention are polymeric

guaternary ammonium compounds of the structure:

-11 -



0.14 Propylene glycol 1.0 1.0 1.0 EDTA 0.05 0.05 0.05 Sorbitol 1.0 1.0 1.0 Sodium chloride 0.3 0.3 0.3
Sodium borate 0.6 0.6 0.6 “

WO 2009/123890 PCT/AUS2609/038152
T 11
R1 | + NW
CH, n CH, (n+1)X
D
s wherein:

R1 and R2 can be the same or different and are selected from:
N™ (CH,CH,0H); X,
N(CH;), or OH;
10 X is a pharmaceutically acceptable anion, preferably chloride; and
n=an integer from 1 to 50.
The most preferred compounds of this structure is polyquaternium-1, which is also
known as Onamer M'™ (registered trademark of Onyx Chemical Corporation) or as
Polyquad® (registered trademark of Alcon Laboratories, Inc.). Polyquaternium-1 is
15 & rﬁixture of the above referenced compounds, wherein X is chloride and R1, R.2

and n are as defined above.

The above-described antimicrobial agents are utilized in the methods of the

present invention in an amount effective to eliminate substantially or to reduce

20  significantly the number of viable microorganisms found on contact lenses, in
accordance with the requirements of governmental regulatory agencies, such as the
United States Food and Drug Administration. For purposes of the present
specification, that amount is referred to as being “an amount effective to disinfect”

or “an antimicrobially effective amount.” The amount of antimicrobial agent

25 employed will vary, depending on factors such as the type of lens care regimen in
which the method is being utilized. For example, the use of an efficacious daily
cleaner in the lens care regimen may substantially reduce the amount of material

deposited on the lenses, including microorganisms, and thereby lessen the amount
-12-



pH 8.0 8.0 8.0 Uptake (Acuvue 2) 2 cyclesttg/lens 0.330.29 0.24 -16 WO 2009/123890 Organism
Time (hrs) A

WO 2009/123890 ' PCTAOS2049/038152

of antimicrobial agent required to disinfect the lenses. In general, a concentration in
the range of about 0.000001% to about 0.05% by weight of one or more of the
above-described antimicrobial agents will be employed. The most preferred
concentration of the polymeric quaternary ammonium compounds of Formula (I) is

5 about 0.0001% to 0.001 by weight.

The types of materials with which the compositions of the present invention
may be used include various hydrogel biomaterials. Hydrogel biomaterials are
polymer chain networks or crosslinked polymeric systems that contain water in

10 their hydrated state. Conventional hydrogel lens materials are made from such
hydrophilic monomers s 2-hydroxyethyl methacrylate (HEMA), glyceryl
methacrylate and N-vinylpyrrolidone (NVP). These materials typically provide a
high degree of flexibility and a significant water content, in many ways emulative
of biological tissue. Silicone hydrogels represent another class of hydrogel material.

15 Hydrogel biomaterials of all thesc and other various types are used to comprise
contact lenses. All of the foregoing hydroge! types arc found in various types of
soft contact lenses. The present invention may be used with a variety of types of
contact lenses, such as hard, soft, rigid and soft gas permeable, and silicone lenses.
Another type of contact lens is the rigid type, including rigid-gas-permeable (RPG)

20  material,

The compositions employed in the present invention will contain other
ingredients. Such ingredients may mclude antimicrobial/preservative agents,
tonicity adjusting agents, buffers and chelating agents. Other polymer or

25 monomeric agents such as polyethylene glycol, and glycerol may also be added for
special processing. Tonicity adjusting agents useful in the compositions of the
present invention may include salts such as sodium chloride, potassium chioride
and calcium chloride, and polyols such as mannitol and sorbitol; non-ionic tonicity
agents may include propylene glycol and glycerol; chelating agents may include

30 EDTA and its salts; and pH adjusting agents may include hydrochloric acid, Tris,

triethanolamine and sodium hydroxide. Suitable anti-microbial agents/preservatives
-13 -



B C PCT/US2009/038152 G C. alb/cans 6 0.2 0.1 0.1 0.001.5x106b24161.61.50.9S.
marcescens 6 3.9 3.4 3.0

15

20

25

30

WO 2009/1238%0 ’ PCT/US2089/038152

are discussed more fully below. The above listing of examples is given for
illustrative purposes and is not intended to be exhaustive. Examples of other agents
useful for the foregoing purposes are well known in ophthalmic and contact lens

care formulation and are contemplated by the present invention.

The following examples further illustrate various embodiments of the
invention. These examples are provided to aid in the understanding of the invention

and are not to be construed as limitations thereof.

Example 1

Colloid Titration in Support of an Interaction between HP-Guar/Borate and a

cationic biocide (Polygquad®).

Streaming potential titration was performed using a Mutek PCD T3 titrator with a
Mutek PCD 03 streaming current detector (SCD). The detector has a cylindrical
cell and a piston that are made from polytetrafluorocthylene (PTFE). The
polyelectrolyte in the sample adsorbs onto the wall of the cell and the piston
surface. The piston oscillates in the cell vertically squeezing the fluid.
Polyelectrolytes are separated from the counterions by the flow which creates a
streaming potential that is detected by two gold electrodes on the wall of the cell,
Polyelectrolyte is titrated by polyelectrolyte with counter charge. In a typical
experiment, 10 mL of sample was loaded into the cylindrical cell using 0.601mol/]
poly(diallyldimethylammonium chloride) (PDADMAC) as titrant. All experiments
were performed three times at 25°C at a pH of 9.2, The results of experiments
conducted using HP Guar, borate and Polyquad® are shown in Figure 3. The
results demonstrate that with the addition of Polyquad®, the bound borate
concentration decreased (shown along the x-axis), indicating an increasing
interaction between HP-Guar/Borate and Polyquad®. These results support a
conclusion that the decrease in bound borate concentration is a reflection of

Polyquad® binding to the HP-Guar borate-bound sites.
- 14 -



1.39.0x10524456.03.62.4S.aureus63.129292482x102244.13.63.34.1 Opt| Free 10
Rinsing, Disinfection, and Storage Solution.

16
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Example 2

Reduction of Polyquad® Uptake into Polyhydroxyethyl Methacrylate-
Methacrylate (pHEMA-MAA) Acuvue 2 lenses using HP-Guar

Table 1 shows the vehicle used to explore the dose response of HP-Guar on the
uptake of Polyquad® into Acuvue 2 lenses.

Table 1. Composition of formulation vehicle for lens uptake studies,

Formulation

Chemicals Yo wiivol
Polygquad® 0.0002
Hydroxypropyl Guar 8A 0.025-0.1
Sorbitol 0.4
Propylene Glycol 1.0
Sodium Chloride 0.3
Tetronic 1304® 0.1
Sodium Borate Decahydrate 0.6
EDTA 0.05

pH 8.0

The lens uptake data is shown in Table 2. Formulation services D, E, ¥ and
A were modified by increasing the HP-Guar concentration from 0.025% to 0.1%
using a targeted Polyquad® concentration of 2 ppm and pH 8.0. Increasing the HP-
Guar from 0.025% to 0.1% decreased the Polyquad® uptake in the Acuvue 2 lenses
from 0.7 pg/lens to 0.34 pg/lens, This data is provided in Table 2.

Table 2. Effect of HP-Guar on Polyquad® lens update after 2 cycles.

Acuvue 2
Formulation HP-8A . Lens Uptake
Concentration
{ug/lens)
D 0.025 0.7
E 0.05 0.6
F 0.074 0.5
A 0.1 0.34

.15 -



5Inoculum c_ontrol count. Underlined number indicates not survivors (<10 CFU/mL) recovered.
Example 4 io The Uptake of Polyquade in Acuvue 2 lenses in the presence of PVA and borate at pH
7.8 as a function of sorbitol concentration. In the formulation series shown in Table LV the use of a
different poIW&f%QW?ﬁyl alcohol (PVA), which also reacts with borate, Wad'Bid l?g e 2along with IS
the effect of sort_)ltol on the PVA binding with Polyquad(r) Sorbitol will compete with PVA and influence
the PVA-borate interaction. Increasing the concentration of sorbitol was expected to lead to reduced

reactions of borate Wlt é{ E?{?i%tamgr@u ongﬂn%én%ggs&)lqﬂg }Sq\g,@dpd Mpkake. Formula

A is the con SOFSPO e lens up ake using this solution was 2.3 jig/lens. 20Following
addition of Qiake EiVAdheuupleﬂ(érdlqmrBésmmmﬁzriﬁébﬁm u‘pﬁ@(tl méketmméﬁmﬁé@)ﬁﬁ Acuvue 2

Lenses in the Presence af Po | Alcohol and Borate at
Concentran]é ¢l W@%%ﬂ@%ﬁgg@fﬁ? E%@éfé’g@l‘@?‘%ﬁ e‘lléaa F(;L r\]/o g‘?é?%f%, Ei%lquad 0.0005
0.0005 .05 Q0005 A6289

Exampie 3

Effect of HP-Guar on Disinfection Activity and Lens Uptake of Polyquad®,

10
Additional studies were pursued in order to explore lowering the lens uptake values
further by increasing the HP-Guar concentration. Table 3 shows that the uptake
data for HP-Guar concentrations of 0.1%, 0.12% and 0.14% were 0.33 pg/lens,
0.29 pg/lens and 0.24 pg/lens, respectively.

15

Disinfection screen data is also provided in Table 3. The control formulation G is
the marketed Opti-Free® Rinsing, Disinfection, and Storage Solution. The data

shows that the secondary screen disinfection criteria was met.

20 Table 3. Effect of HP-Guar on the Disinfection Screen and Lens Uptake of
Disinfecting Solutions Containing Polyquad®.

Component A B C G*
Polyquad® 0.00025 0.00025 0.00025
TETRONIC 1304® 0.1 0.1 0.1

HP Guar 8A 0.1 0.12 0.14
Propylene glycol 1.0 1.0 1.0
EDTA 0.05 0.05 0.05
Sorbitol 1.0 1.0 1.0
Sodium chloride 0.3 0.3 0.3
Sodium borate 0.6 0.6 0.6

pH 8.0 R.0 8.0
Uptake (Acuvue 2)

2 cycles ug/lens 0.33 0.29 0.24
- 16 - |



0.0005 0.0005 0.0005 0.0005 Propylene Glycol 1.0 1.0 1.0 1.0 Boric Acid 0.4 0.4 0.4 0.4 Sodium
Chloride 0.3 0.3 0.3 0.3 Sorbitol 1

- WO 2009.’123896 PCT/USZ009/038152
Organism Time A B C G
- {hrs)

C. albicans 6 0.2 0.1 0.1 0.00

1.5x 10% 24 1.6 1.6 1.5 0.9

S, marcescens 6 3.9 3.4 3.0 1.3
9.0x10° 24 4.5 6.0 3.6 2.4

S. aureus 6 3.1 2.9 2.0 2.4

8.2 x 10 24 4.1 3.6 3.3 4.1

" Opti-Free ® Rinsing, Disinfection, and Storage Solution,
5 °Inoculum control count.

¢ Underlined number indicates not survivors (<10 CFU/mL) recovered.

Example 4

10 The Uptake of Polyquad® in Acuvue 2 lenses in the presence of PVA and

borate at pH 7.8 as a function of sorbitol concentration.

In the formulation series shown in Table IV the use of a different polymer,

polyvinyl alcohol (PVA), which also reacts with borate, was evaluated, along with

15 the effect of sorbitol on the PVA binding with Polyquad®. Sorbitol will compete
with PVA and influence the PV A-borate interaction. Increasing the concentration

of sorbitol was expected to lead to reduced reactions of borate with PV A, and lead

to a corresponding increase in Polyquad® lens uptake. Formuia A is the control
solution without PVA. The lens uptake using this solution was 2.3 pg/lens.

20 Following addition of 0.05% PVA the uptake decreased to 1.0.

Table 4. The Uptake of Polyquad® in Acuvue 2 Lenses in the Presence of

Polyvinyl Alcohol and Borate at pH 7.8 as a Function of Sorbitol Concentration.

-17-



0 0.5 0.75 Tetronic 1304 0.05 0.05 0.05 0.05 EDTA 0.05 0.05 0.05 0.05 PVA 47K 0.05 0.05 0.05 pH
779779 .

WO 2009/123890 PCT/US2089/038152
Chemical _ A B C b

(% wi/% vel)
Polyquad 0.0005 0.0005 0.0005 0.0005
AL-6289 _ 0.0005 0.0005 0.0005 (.0005
Propylene Glycol 1.0 1.0 1.0 1.0
Boric Acid 0.4 04 0.4 0.4
Sodium Chloride | 0.3 0.3 0.3 0.3
Sorbitol 1 0 (.5 0.75
Tetronic 1304 0.05 0.05 0.05 0.05
EDTA 0.05 6.05 0.05 0.05
PVA 47K - 0.05 0.05 0.05
pH 7.79 7.79 7.8 7.8
Obs 36h Clear Hazy Siight Haze Faint Haze
Turbidity

Polyquad 2.3 1.0 1.8 2.1
Uptake,pg/lens

The invention has been described by reference to certain preferred
embodiments; however, it should be understood that it may be embodied in other

5 specific forms or variations thereof without departing from its spirit or essential
characteristics. The embodiments described above are therefore considered to b e
illustrative in all respects and not restrictive, the scope of the invention being

indicated by the appended claims rather than by the foregoing description.
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7.8 7.8 Obs 36h Turbidity Clear Hazy Slight Haze Faint Haze Polyquad U itake,:/lens .0 1.8 2. The
invention has been described by reference to certain preferred embodiments; however, it should be
understood that it may be embodied in other 5 specific forms or variations thereof without departing
from its spirit or essential characteristics. The embodiments described above are therefore considered
to b e illustrative in all respects and not restrictive, the scope of the invention being indicated by the
appended claims rather than by the foregoing description. Claims 1. Use of a cis-diol-containing
polymer to mhibit the uptake of cationic biocides into hydrogel biomaterials, wherein an
uptake-inhibiting amount of a cis-diol-containing polymer is added to a composition containing a
cationic biocide and a borate. 2. The use according to claim 1, wherein the pH of the composition is

greater than ;3. HE HSQRECORIAEIQ ﬁétlhyﬁ{le §lMBil Bl 2pMRersInthR GRIRAIGRIOGAS Is a

polymeric quaternary ammonium compound.
hydrogel blomaieﬂals wherein an uptake inhibiting amount of a cis-diol-containing

polymer is added to a composition containing a cationic biocide and a borate.
2. The use according to claim 1, wherein the pH of the composition is greater than 7.

3. The use according to either of claims 1 or 2, wherein the cationic biocide is a

polymeric quaternary ammonium compound.

4, The use according to claim 3, wherein the polymeric quaternary ammonium compound

is polyquaternium- 1.

5. The use according to claim 1, wherein the cis-diol polymer is selected from the group

comprising polyvinyl alcohol and galactomannan.
6. The use according to claim 5, wherein the galactomannan is selected from the group
consisting of guar gum, locust bean gum, tara gum and chemically modified derivatives

thereof.

7. The use according to claim 5, wherein the galactomannan comprises hydroxypropyl

guar.
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4. The use according to claim 3, wherein the polymeric quaternary ammonium compound is
polyquaternium- 1. 5. The use according to claim 1, wherein the cis-diol polymer is selected from the
group comprising polyvinyl alcohol and galactomannan 6. The use according to claim 5, wherein the
galactomannan is selected from the group consisting of guar gum, locust bean gum, tara gum and
chemically modified derivatives thereof 7. The use according to claim 5, wherein the galactomannan
comprise$ hydroxypromdogdiaug 8 Ttleimse aceeding tbeclamvdtwbereidatitenamoamtiaf the

galactomannan I 16 SARRPS HP RS ARAML A weightivolume.
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