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Interaction Control of Cationic Biocides Using Labile
Ani oni ¢ Pol yel ectrol ytes The present application
web@pns3shenefit of U. S. Provisional Patent AppPCT/HS10091038152
Serial Nunmber 61/042,186, filed on April 3, 2008, the
di scl osure of which is specifically incorporated by
reference herein. Field of the Invention The present
i nvention igtéiacBiehCon@ol'6f Cﬁﬁ%niﬁBf&Y&éssUﬁb,\g bi ndi ng
cationic biocides in solution so as to mnimZe their
del et eri ous eff ediahilel Anjpari¢ Polydectrolyéespr esent
invention is directed to nethods of inhibiting the
upt ake of cationic biocides into nedical devices such

.and i npl f bi Ly zi.
= P SEb e I T b e P
Appliss@yeseHal Raimberder/042n88! KIGPBA! ApANS, 2008, Helliisclosure of

olynmers can act as l|abile anionic polyéelectrolytes,
whidvBrspetifically meiorpotdd oy refetwnoe hdesn. and i nhi biting
their uptake into contact |enses. The nethods invol ve
the addition of cis-diol polynmers to conpositions

. GQn ning borate and cationic biocides such as
F—'é@-@i‘%&l@ﬁ?ﬂl&m 1. Background of the Invention

Cationic biocides are utilized in various bionedi cal

products for their biocidal activity against a w de

var Taé predenmigvertiogaisi dirgeteds wethoddsoff @vetdilgyrbinding cationic
.generally lowtoxicity in the _ag&l i cations for which
biockdey iar e0luienl so Beatppmasinaize dheir slelaetiowc cfeetsi hripadicular, the

surface active guaternar ni um G ounds such a .o
Preent, INGIRORSc TG eGe 1 e BPd Sol UM, fi yPLRktos Leationic
bio%ﬁigg.ogﬂgs n?éﬂl‘i’&l aaexﬁ%sy %@gew'ma&' le@séy%ﬁh iﬁl%‘idrﬁgl' %nd of

bioci des are in w despread use as
stabilizing emulsions containing cationic biocides. It has been discovered that
under certain conditions, 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 to

compositions containing borate and cationic biocides such as polyquaternium-1.

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
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
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-
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preservatives and antim crobial agents in ophthal mc

sol utions and contact |ens care solutions, they can
whaooe/12B8bet eri ous ef fects, and thus there are PCT/US2009/038152

trade-offs associated with their use. For exanple, in

an art.i.cul ar .formul gtion a.suffici . an t.of . . .
calfiiie BFGAF Bt e BiESerIsl e Cipbuh i KUlip@RiPLing augimigrobial
grdWbth! 1A/ ARNDIhi 89 ANfd TGER &l %P%@f‘tilal %ELtoRRL ef@cts and/or

much "as to I ncrease the potentlaﬁ or toxic effects
diseoaifert vdtls aomhginise Wint &ddivsmalatioar. bibeidasidiuei tontheir ionic charge,

cationic biocides, due to their ionic charge, may
mayawguse atnpapatidiility yrpblebise ity ethept Femuiaian| comppanents. For
. F le, i I £ | ati cee
ex 8P oo SRRt SRR b G i i
eriBHS moERVeI5 CRER BRI Syt AderpRAEATHR, kst of cationic

mo¥écuiléy, $hed Nigdihsahefdse il thes biheewite dfasiveiblotidesdass in these
types of formulations. Miltipurpose solutions that can
typee ofifewinuletionean, di si nfect and condition | enses are
avai |l abl e and are increasingly popular with contact
| ens users. Sone multipurpose solutions may qualify as

2 o STATb6RosEl SARIGR! 40 a0 LOAL 1J YeAtSRidthIREUhd condition

t 0o conventlil ona

lerGb£ard RYai®dbleli aidnhRCincRchsHRIYtHopsar WithCoritydt leak liéers. Some
require a rubbing step in order to achieve a

mulépinpost solutiene maf qaldyi aad “ChemicalddisnfempBalutipn” for use
.these types of solutions would require a stronger . . )
witheybrubliing; as oppesescto ¢onyentigpal eonfactelenp sleagingppk disinfecting

ef.fi cacj ous._bi oci d [ hi,gher ncentration, of .
solffigh agh o BRI ' Rablind BIoBIFLAEBIE LRk BBl y designated
leveDBF biG8a SQFIHNARE, BnéraN§etheke ‘?%’_bésr@f §ARGESE wolltBrequire a

bef ore being placed in the gye, and i n other cases,
stroigerdontlact bioeital ustvityyndttusaditiey o merd effigedusalioovide or a

.rinsing their lenses prior to insertion, so that the
highst woneentrationd P diegige.cinseme inp@nersy|theresisr pagequirgment that

thetsgggﬁ}t{qégg%trgﬁﬁdgfr%g teltcg)?gfa(glt t1erilssbe%lpeelgci:i?l!glp\faé:erdi itni t%%leye, and
in other cases, the contact lens user may not always be diligent about rinsing their
lenses prior to insertion, so that the solution may directly contact the ocular surface.
In these types of formulations it is especially critical that the potential for toxic

effects of cationic biocides be minimized.

A particular concern in case of soft contact lenses is the propensity of the
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
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-
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effects of cationic biocides be mnimzed. A
particul ar concern in case of soft contact |lenses is

wo b@opeaspensity of the biocide to be absorbed Pe/vS2009/038152
hydrogel |ens materials or adsorbed onto the |ens

. surface, an effect .co nly.referred to. i oci de
bioeldse s oMy f et gt Rietibg e pecsvondr BisstiplBugd setease
j . ens care solution containing the biocide.
Of%@€%$ Q%e lens is replaced into the eye, the absorbed
bi oci de may then be rel eased fromthe lens onto the
eye tissue, with the potential for ongoing irritation |
of Bewmsuldi be advahtageaussoupmVvids composibions Shatagoaing ragtionic
for sonme duration, this ongojng,rel ease ave. the .
biogRicee! B catglerngich Joeg opiTc, PPRE Gfe, hyflroge! bidmaterials
hrritati fe . hehj.aci..d: 1,3 e
suchdstidls s i i vy " EBhBELBns BledoPied 1B celichHocides,
inclRlig@ser Axafrlite, ipdEhdlric hhdvien Sareeonsprii@geiausded for direct
provide conpositions that contain a cationic biocide
appliztatibave te ¢ydanckoo-delyneé odfer héersciade solptiake intended for use with
hydrogel biomaterials suchg?s,contact | enses. In th

Soffdgniagh asses. tiosh bprsafely wsed giifhiout SONERINCIoR gy loxicity or
. i ncl.udi for ex l,e ht hal. m l.ens . .
aisttits IRt S RER ForuPROIBIRTNE s M OBL & preservatives
fore}f@rtsﬁﬁdpﬂ&'rﬁé&u?% Sl ®i o € RPitIERIt CiriPAdifnigOAsop 1Bt SRRy, The
for useewth soft contact |enses, could be safely used
preseitiavéntbemseatirectar toi avhiwasgthesorims.ty or di sconfort.

It would al so be advantageous to use cationic biocides
as preservatives for certain pharnmaceutical enul sions

S wi t hout Ei!l_r?ic“ nggslropl et stability. The present
u \ ed to achieving these ains. Sunmary
of the Invention The present invention provides, in a
first group of enbodi nents, a nethod of inhibiting the
upt ke pedscaainveniion pr@ddelg $n arfirst grpdp @feinbodiments, a method of

bi omaterials, said nmethod . . _
inhibiting the uptake of cationic biocides into hydrogel biomaterials, said method

comprising adding to an aqueous composition containing a cationic biocide an
uptake-inhibiting amount of a labile anionic polyelectrolyte. In another
embodiment, the method comprises adding to a composition containing a cationic
biocide and a borate an uptake-inhibiting amount of a cis-diol-containing polymer.
In a preferred embodiment, the cationic biocide is a polymeric quaternary
ammonium compound, and the cis-diol-containing polymer is a galactomannan. In
another preferred embodiment, the cationic biocide is a polymeric quaternary

ammonium compound, and the cis-diol-containing polymer is polyvinyl alcohol.

The present invention provides, in a second group of embodiments, a
method of increasing the stability of an emulsion containing a cationic biocide, said
method comprising adding to the emulsion an emulsion-stabilizing amount of a

labile anionic polyelectrolyte. In another embodiment, the method of the present

-3 -



conprising adding to an aqueous conposition containing
a cationic biocide an uptake-inhibiting anount of a
wo awphiz38ami oni ¢ pol yel ectrol yte. I n anot her enpOOUS®NY/038152
the nethod conprises addi ng to a conposition
.__cont ai ni a cati.onic bioci borate..an. .. ..
invERROR S B PR B G i5ioB ollnAE sl hipeides and a
boRf ¥ Bfu)didh- @ta'BFl‘?Zl g £ beHUAIEPS bﬁeﬁbl-cbﬁ‘t‘éuﬁﬁé P@an‘r‘er
locide 1s pol yneric quaternary anmmoni u ound
and the cis-diol-containing polyner is a
gal actomannan. I n another preferred enbodi ment, the
cationic biocide is a polyneric quaternary amoni um
conpound, and the cis-diol-containing polynmer is
pol yvi nyl al cohol. The present invention provides, in
a second group of enbodinents, a nethod of increasing
the stability of an enul sion containing a cationic
bi oci de, said nethod conprising adding to the enul sion
an emul sion-stabilizing anount of a | abile anionic
pol yel ectrol yte. I n another enbodi nent, the nethod of
the presentinvention conprises adding to an enul sion
contai ning cationic biocides and a borate an
enmul si on-stabilizing amount of a cis-diol-containing
pol yner. Brief Description of the Drawings Figure 1 is
a di agram of a segnent of hydroxypropyl guar borate
(HPG- borate). Figure 2 is a schematic diagramof a
reaction of a borate ion with a diol-containing
polynmer. Figure 3 is a graph of colloid titration of
HP- Guar/ Borate interactions with Polyquad. Definitions
The term | abil e anionic polyelectrolyte neans a
pol ynmer having ani onic charges that are not
permanently fixed to the polynmer. The termcis-dio
pol ymer means a pol yner having nul tiple hydroxyl
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groups, the hydroxyl groups being oriented in the sane

di rection. Exenplary cisdiol polyners include guar and
w@oiogatzasyd al cohol. The term cationic bi oci de PERNS20891038152

anti m crobial agent having fixed positive charges, and

B b?i;&% el tther @nﬁ&ric or polynmer. Exenplary cationic
r 0 i th quaternary anmoni um gr oups
such as pol yquat erni uns, and those w th phosphoni um
groups. The term uptake-inhibiting anbunt means an
Figam®unt adfiagrasr off ©écgaednt it hydedfyipeopritguanborie PGt barate).
upt ake of a cationic biocide present in a conposition
to a hydrogel bi omaterial . It is within the skill of

onelnth t|||z s .of the present . .
Fighie aie eowneng it gl ¢ raciph 87 A otk dov i o it Sethaining
PO rp‘, ;di ol polymer in reI ation to ot her conponents of

e conp05|t|on based on the desired characteristics

of the conposition as a whol e. The term

emul si on-stabilizing anount neans an anount of _ _
Fignire - Hiis| a pgiaphreof wglfoiictitfﬁmtiqm ofnEiPe@yar/Boeate t imbirnetigns with

f an enul sion containing a cationic biocide relative
Polyguady ef er ence cati oni ¢ bi oci de- cont ai ni ng enul si on

that does not contain a cis-diol polynmer, based on

emul sion stability-testing nethods known in the art.
Defingtiémy m " pHEMA- MAA" neans contact | enses conprised of
T poly(Z- hydroxyethyl nethacryl ate-co-nethacrylic

aci dhe tExeniabie yameiEMpNPAlcCnkybs mmsuw@dimax/myh)g anionic

2" (Johnson & Johnson), The term "an anobunt effective
chqrgespph@ggg:ev@ n%@ﬁgelaﬂ‘/ Hxedi b thefPOdMMSht i mi cr obi al agent
effective in producing the desired effect of

preserving the solutions described herein from

M CTRBI RmCeRLAR NIy @er Mesisehapblynadt BWHgt m\Ml‘ﬂll‘ilE hydroxyl

either singly or in ctonbination with one or
groagdj theomadroapl groups diigd oriented in the same dlrectlon. Exemplary cis-

diol polymers include guar and polyvinyl alcohol.

The term cationic biocide means an antimicrobial agent having fixed
positive charges, and being either 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
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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agents, is sufficient to satisfy the preservative

efficacy requirenents of the United States
weh@pnesepoei a ("USP'). The term "an anmount efPEDUB2069/038152

to disinfect”, neans an anmount of antim crobial agent

effective in produci .the desjred effect of C g

di st ¢ L gufioSabIzing amogpt isguy ah Arlg Ry of slidioh golymer

. : g ‘ o . .

s O le {hERLIT 0 hORRhATSn BEARADgof e bocide
relatfvectodidTatenes caiibiicdriecide-contaniagdiniuleival that does not contain a

antim crobi al agents, is sufficient. The term
cis*dphndizmer.dxise§ oactudsiablstabiky-ichéng msHdsknown in the art.

phar maceuti cal conposition having physical properties

(e.g., pH and/or osnolality) that are physiologically

co [ 1 s ;

ot oty o SPHEMRNDALT bl SHRhct PhERSainBHERt of poly(2
hy(ﬁ@ky@tﬁppﬂﬁﬂld&%}%-@@iﬁmwgﬁc Yeilpt aixkrghldpe THEPIA-MASS lenses

the Invention The nmethod of the present invention is,
includedecwmibBU2 rehohpsen &etdbadomf i nhi biting the uptake

of cationic biocides into contact |enses, the nethod

conprising providing to a contact |ens care

co I ti.on«contajni.n ani.c. hioei d e

an 0% e i DAY SABeARE op"hResPhRG: HRalE e BRGH of an
antRAlrOBRl akBn@ ePlegfié 18 dpdanemoNaRt dediRQl effect of preserving the

cis-diol-containing polynmer is a gal actomannan. Wil e
solnibnsnvdskdritgedt betwén Hoam dmigrobiaé aropfaminatienbetdfesabtly tahagmount

gal act omannans and ot her ,pol yners with cis-di,ol . )
whidy, tthes suigbh oadn FoMRINAYON AibABE ofimPrepaddiiianglagtinaicrobial

ani oni c.pol yel ectrol ytes in nce of t :
oo iir P SHO0IHTEER, HeGPrentiahls BEFRED G0 e REAR'SR b United
Staitébtleﬁa@ﬁntawgo&ﬁ‘(“ﬁsp”}he pol yel ectrol yte and ot her

sol utes and surfaces with positive charges, for

exanpl e, cationic biocides. The electrostatic

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

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

physiologically compatible with ophthalmic tissues.

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

corresponds to weight/volume %.
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interaction is not fixed, however, due to the labile
nature of the anionic charges. Surprisingly, one

we@bdoear3sed this lability is that while the i ntPCHUS10091038152
is found to be effective in reducing the uptake of the

ationic biocid? inio hydr ogel biomaterials including

De HEﬁﬁﬁﬂﬂ%ﬂgggéLlhﬁyﬁﬁﬁiﬁﬂﬁ c biocides in solution
nevert hel ess maintain effective antim crobia
activity. Certain enbodi mrents of the present invention
pr eThe ahéthodtafl theepgadracinoemivians, iadac tavadiment] @ method of
of a nunmber of polysaccharides containing cis-diol

inhilpitiogi ¢ke unieke yple scapionigal kiecidannimansceriagt densebe theetnethod

in.,the present jnventio re typically.derived.from .
o g ROTOR8s1o BedmgthniantrEr STaRRRigE GBEning ™ cationic
. e n _ A c n - . -t _ . N
bioBEIeCAtl o W Fark S, AR Wi Sicifol-cgniaining polymer.
In &bréfeatd eatbodahemt, tHydlt-Res 1k Congaiftt g1t Rich {4 gARBRMSENnan.
or gal actose noieties, or both groups, as the main

structural conmponents. Preferred gal actomannans of the
(1 Sitle hakS hisiiento BOPHhBE S 1145 APidyed hat gelactomannans
:h OpyY I A0Sy [ t - .
and BRI A PO BOl® AR AR A gt b bocome
lab@t dRiGak 3ol RsecttlylBANRS Hro@ht D bokite AEPEI flab¥ver7! kesulting
be fromabout 1:2°to 1:4. Gal act omannans having a
in Bagdectcestatec iermmtinnsketwaen dhofpadpdetirdly® ané atbat solutes and

preferred. Additionally, other chem,cally npdified )
SURRHER AV ItB HROSHVE KBatgsh.y Etcevamplge S2tipRIcPiosIdenc Tha stlestrostatic
.t he."gal nan' finition. (For. ex | &, .
int r)ggp%g )}Set%(é])éll {xeﬁygp\ggg ’ gb‘?ltoatﬁa 1.8.8116. AR 0T the anionic charges.
SufAISARY MBAOKFRYAb PP 18Nty Buldat WHild BRSInfBRNctRsh RRfind to be
to the” gal act omannans of t'he present | nvention.
effélive onreclueany thici unskd of theecyalmce bovoida ate, hygluegel ddomaterials
_ thgse contai ning al kox‘y and al kyl (Cl-C6) groups are =
inchyhng cqantaat ylepyast dhg ealipricgbiockies ripxsalpiiepyrevertheless maintain

e AR At PRsiAr ac%lil/ki)t%/t. itutions in the noncis

Certain embodiments of the present invention preferably utilize
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 gum and tara gum. As
used herein, the term “galactomannan” refers to polysaccharides derived from the
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-mannopyranosyl units with .alpha.-D-galactopyranosyl units attached by
(1-6) linkages. With the preferred galactomannans, the ratio of D-galactose to D-
mannose varies, but generally 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 -
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hydr oxyl positions are nost preferred. An exanple of

non-ionic substitution of a gal act omannan of the
wWEe@garasod nventi on i s hydroxypropyl guar, whi cPCT/BS2009/038152

preferably substituted up to about a 0.6 nolar ratio.

A Tont T ome ARG Guod T B A opl DI D R i are elso

- [ GUmM 4l0C : th
e esf:1 r ig]gledthgel %ﬁaﬁﬁﬁl&tﬂ?&gﬁa%ﬁl?é@ ggﬁgqacté%an%ﬁlﬁéng Slflr%)f yethyl,
hy bR 9oy P b @B incEl AR SdoR pRIY! babstitusions may Gie maye Lo the

be obtained by chem cal nodification of naturally
galactourannags gaif acthomeprasens. iGuemtiqum Nentipeicgr vanitions to the

endosper m of amppsi s tetragongl obus (L Taub,, The
galwp&a@anwl@a/?ﬁ?qssncwﬁ@%n alkoxy) -a!;}{yér@ﬂ-f%) groups are
. u i , i.ch. i f . )
oo RES DA G PO 3000 LSRR SRl e non
cis‘Mideoxﬁ!ﬂlﬁﬁiGns[&rg &E pRererRE0AY exdMpls oftrdoacibait fbstitution of
(I-6) linkages. The ratio of D gal actose to Dmrannose
a galagioaramnan sofibthat pesgnt Theergiom hiashydronypnopyl vaitasd which is
Asia for centuries and is priari|ly used in food and
prefeipbbnsbsttted gp deiabewt & & melar fafitkeni ng property. It
has five to eight tinmes the thickening power of
starch. Its derivatives, such as those contai ning

hyd*rﬁéygﬁl_a@aékna%anydémn@rﬁméﬂtr RO @idyOrded@btained from
substitUtions, have been conmercially available for

nuegsusasoleaadSuciBsaurcgu imodade pearahimj loedst Hean giamptdara gum,
from Rhone- Pol ul enc (Cranbury, , Hercules

. N.J.) , Inc. .
as fughasidegerdred Tipw) imedlycihg galaelomanapramsy algp be obtained

Lgcust bean gum or. _carob bean mis the, refined .. -
by g R e UeE romay il iltd L SRy ERogiication of
natﬁkél!g%‘c?curr ﬂggﬁg& dn&nagdl actose to mannose for this

typ€ of gunTi's about 1:4. Cultivation of the carob

tree is old and well known in the art.This type of gum

is conmmercially available and nmay be obtained fromTIC

GunfGuar 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 mannopyranosy! units with .alpha.-
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 derivatives, such as
those containing hydroxypropyl or hydroxypropyltrimonium chloride substitutions,
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
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-
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Inc. (Bekanp, Ml.) and Rhone-Pol ul enc (Cranbury, NJ.).
Tara gumis derived fromthe refined seed gum of the

w0 2009/1238e. The rati o of gal actose to nannose PGI/HRHNY/038152
1:3. Tara gumis not produced in the United States

SPGB BTGPPSR S 5 P oo
PO PELSEPORE AT poIaBIaRg nauar ey ol o be

al act omannans of “vari ous degree of
substitution are commercially avail able from
Rhone- Poul enc (Cranbury, N.J.). Hydroxypropyl guar _
wi t Rataogumob derizeod $tam the wafined. sged guesef theatardirey. The ratio of
e structure of HP-CGuar .i

particul arl referre h . S.
oG 1§ RS 4° 50y 7 o JATR, et hs S iy i Uited States
uR.i vV, I : ; :
coffBREy" B4t Thne Huuf SBRY S OPEREFL AR {focs, guiside the
Unite@®tatedhe nol ecul ar wei ght of the guar is a function
of the gal actose content and the pol ymannose chain
| ength which can be | owered during processing. The
et ween HP- Guar .and are

reaction oduct bori c aci
kno@ae%ceg n@@étfiecﬁg%%wmwgn%ﬁwh ¥ hﬂ%ﬁé&pwﬁ guar may also

Vi SGOSi t y, Of: e r ut . Bor | i Qe .
be iR, KNS ne B FEngRS, N RRriofS e, e ' SBpgion are

heeriall) avhBaBI8! fRRA RineaP AIIGAOITCraBbE), N.1.) HIRIB 1
o H-£ ang pK% for thi snreeacti on(‘cirse,1 9@3‘? 2. éorgtie ?g%cgpy suat
withdowcimotberssbstitation t{evg., des-tHawmD. 69 rio pasicakrhhoreferied.

Figure 2. When this occurs, an anionic charge is added

to the chain and a crosslink is forned. Al kyl

bor opat es such t hyl bgroni ¢ 1 d a henyl

por SAF cTReRHE HIaPIThel o ToSHH P il LMY s e abou
twéé‘"rntcl)zishsrﬁ%% )k(lél?tgﬁgf‘ @36y PAadtbsS hdwidder dthe"®itai¥dd’ Balactose 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.

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,0 — 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,
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
polymer. Based in part on the experiments described below, it is believed that guar
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.
-9-
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graied. PO tal by dividedlinaado Bivad &atgotias,ni.dgcdipletsy diydrolyzed
acetate content or less are referred to as conpl eted
anéhypartidlyzbyidroPeredi dAhbse hgutabiyg 480 geddied agsiagd cgntent or less are

contain 20% o e.residu acetate. The nol.ecul ar .
relGRFGE 51 CPURIctET GRSt FruiHiBo o 75 BRdED B aplys contain
b S M 2) i b3
204 S RSB IERE, ThETRTNgF BBEEDS PRI Bary fom
20800 0e200,000t PVA &f cHigthdiPdided s PVAcbSitRefRanteedarRP may be
a viscosity enhancer for pharnmaceutical ophthal mc
us@bmp 8GR ipomducsu @th oederepeimpirops thgebmfont andulvearing time of RGP

inserts. I.n general, PVA used in ophthal m c products )
pr%@t%ﬁ%éﬁ@g@ wisdedsud XiscReity guhgeer fer p%{g@%ﬂ“%ﬁ,%@almw

to 100. 000 wi th 119 t % I es] I t . i | eutah -
colBotbony el srek iR BT BRI RS B sneidhs Byelfised in
opmﬂalmiéa{)%@Q%oﬁﬁg BE dverddiemPRcnBr weiptht iRGhe range of 30,000 to
formul ati on, conpositions of the present invention
100006 rveith y 1 2ot B4% residuali agketapel ynmers at a concentration

of from about 0.01%to about 1% w v, preferably
bet ween about 0.025%to about 0.25 % w v,

While the exact amount of cis-diol polymer in the compositions will vary
according to the polymer and the formulation, compositions of the present
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
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
drugs and preservatives. Borates also have inherent bacteriostatic and fungistatic

properties which provide improved preservative systems.
-10 -
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der¥OViNdf | AMBPYRSbiAN ea%ﬁw?t 'tIYI%ugMSTae 'ﬁeﬂ?@dlc%?p?ﬁgﬁw&?emical

enpl oyed I n the present fnventfon contain a catidnic
interatiion oviolpimalcraggahisnan Profeitednpodlyynerianeatdsnioosiecides include:

addi tional biocide if required for optinum _ .
polyguaternitm-bn omddi spalyguatemiumet i oipioty (dimethytdialhylammonium

BRSO o TR ST b T
ant%ﬂ{/dr@?)i%f %g'eﬁ%s ! ecosed NLhovod, ﬁaﬁhﬁ&.cﬁho@fm and 4,525,346,

sicochem cal interaction wt m Cr oor ganfsrrB.

issi¥efes ek, pad YS! PatepdNeNE 360 @ gab4i4481429eissued to Smith et
pol yquat erni um 1, and pol yquat er ni um 40

al.,( psby¢tavatet Hjedealiney temtanisi afmthel foré¢ateng publichtiense are hereby
. polyneri.c guaternary apnmoni um compounds.. These . o .
mcam@%@tﬁﬁéa e resear 6%?05‘1065@&%% reletengp s Dihet datippic angimicrobial
. .4, ies Srark .
gt syftite ift 0 Eofipbsififls haiedibls of 9okt AiRilipy include
otheP guhiehnfY almmohREREConRIunds,Theuchnt ad eb&pAatiesHi smof halides,

the foregoing publications are hereby incorporated in
bertzethqmiesehalidsp exsitrfimodst, i phosplate efistener. coOnpenndsasudnias those

AeshBPRAGE oF S rmbs S | HaBhO0En PACHVBL 00k MW et al),
ph(%i)ﬁ)ﬁé@ﬁ{e% AERY B GO R PRent NS4 35 53397 A biocides,
such as cetylpyridinium halides, and other biocides with fixed positive charges.
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®.

Particularly preferred cationic biocides of the present invention are polymeric

quaternary ammonium compounds of the structure:
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benzet honi um hal i de, cetrim de, phosphate quaternary
conpounds such as those described in U S. Patent Nos.
wa@ 2932892 and 4, 503,002 (Mayhew et al.), PCT/US2009/038152
phosphobet ai nes as described in U S. Patent No.
4,215, 064, pyridinium biocides, such as
cetyl pyridi nium halides, and other biocides with fixed
positive char 9eH Addi tional djjoci des which may be
i fed may bejar)y, ¥f those suitable for
' rNens _care formulations,
uanigdes s asR2
n KHVB) , pol yam nopr opyl
bi guani de (PAPBH.and stabiTi 3oxychl oro conpowrngx;
such as Purite(r). Particularly preferred cationic
(I)bi oci des of the present invention are polyneric
guat er nary anmoni um conpounds of the structure: (I)
wherein: R and R2 can be the sanme or different and
are selected from N (CH2CH20H)3 X, N(CH3)2 or OH, X
WheEeiy phar maceuti cal |y acceptabl e anion, preferably
chloride; and n=an integer from1l to 50. The nost
preferred conpounds of this structure is
Rk ahe bl Rande oMiffdiehiSarndl 430 skieewwd fasmOnamer Mt m)
(registered trademark of Onyx Chem cal Corporation) or
N"#€HROHIAY(X) (registered trademark of Al con
Laboratories, Inc.). Polyquaternium 1 is a mxture of
N(€he)z05dE: r ef er enced conmpounds, wherein X is chloride

X e magefi gDy Aadidr il S ot ped 2o i n
n=h fu BB NPSR 1000 e

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
a mixture 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
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
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 -
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corrlrt%ctelrelnges, 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)

material.

The compositions employed in the present invention will contain other
ingredients. Such ingredients may include antimicrobial/preservative agents,
tonicity adjusting agents, buffers and chelating agents. Other polymer or
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 chloride
and calcium chloride, and polyols such as mannitol and sorbitol; non-ionic tonicity
agents may include propylene glycol and glycerol; chelating agents may include
EDTA and its salts; and pH adjusting agents may include hydrochloric acid, Tris,

triecthanolamine and sodium hydroxide. Suitable anti-microbial agents/preservatives
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andcaleqiofino bblconstaesd asnldnpeligd temodh as mannitol and
sorbitol; non-ionic tonicity agents nmay incl ude
propyl ene gl ycol and glycerol; chelating agents may

Exi nclluie EDTA and its salts; and pH adjusting agents
cl ude hydrochloric acid, Tris, triethanol am ne

and sodi um hydroxi de. Suitable anti-m crobi al
agent s/ preservati vesare di scussed nore fully bel ow
Collbrl TrstiohiintSuygpart ofnanhitesactiongbeteveenddP-Guar/Borate and a
illustrative purposes and is not intended to be
catwmalbswde.(PEﬁ' d&). of other agents useful for the
f oregoi ng purposes are well known in ophthal mc and
contact lens care fornulation and are contenpl ated by
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ate various enbodiments of he I nvention. These
Mtﬁé(larHﬂIBSO?;asteemmg i dageritadaédor (SCDY. Thedeates¢cmd hag aocfylmdrlcal

cel} P%dlt ;;/ E)g;’ilgr? tn thg? eeu;g r r%agg t frto?n bepo%?t%%rtahldggoe?ﬁylene (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 0.001mol/l
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.
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The lens uptake data is shown in Table 2. Formulation services D, E, F 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
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Table 1 shows the vehicle used to explore the dose

response of HP-Guar on the uptake of Polyquad(r) into
waewouz3s | enses. Table 1. Conposition of fornedHUSIN9/038152

vehicle for | ens uptake studies. The | ens uptake data

is showmn in Table 2 . Fornul ation services D, E, F and

A were nodified by increasing the HP-CGuar

Th%%lnflegﬂg%?(fr%n?éhsft{a%lgatoﬁii’(z/ﬁ}h% %a%gﬁéjﬁisé‘@ t'é_l %Bw&dPolyquad®
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liketg/resris fromOLB4Gway datimg. asTai snidatcapolyelsewolydiedn the presence of
Table 2 . Table 2. Effect of HP-Guar on Pol yquad(r)
borpigns update after 2 cycles. These results denonstrate
that HP-Guar can be used to the | ower Pol yquad(r)
upt ake in Acuvue 2 (Goup IV) lens material. The

Exyﬂﬁ%%g reduction denonstrated likely results from
- r acting as an anionic polyelectrolyte in the

presence of borate. Exanple 3 Effect of HP-Guar on
Di sinfection Activity and Lens Uptake Pol y r).
Effaetiot HgnGuasiaDisniRbtan AR Buant Lomsdy gt i atade,

| owering the | ens uptake values further by increasing
the HP-CGuar concentration. Table 3 shows that the

AdHﬁgﬁlﬁFsﬂﬁI@ Wwak gﬂ%@dﬂh &B&Ct%rﬁ)%ﬁéﬂe%ﬁleﬁﬁg Qhé-?@nsQlftélléé%alues

and 0.14% were 0.33 ng/lens, 0.29 ng/lens and 0.2

furthgt BN ncreassme theé VE-Guabicehodmrationn Tabte 8nshhersathag the uptake
al sor}%‘govi ded in Table 3. The control formulatio

: n IS
dat Her P awasdcayentratiens Py OR s Onkg 7o cingi Afldes ivisie %Sé ng/lens,
t orage Soluijon. The data shows that the secondary
O'zgéigé@ﬁsapgio%{a%/il%ﬁ’ PPN Y was net. Table 3. Effect
of HP-CGuar on the Disinfection Screen and Lens Upt ake
of

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.

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 8.0 8.0
Uptake (Acuvue 2)

2 cycles pg/lens 0.33 0.29 0.24
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Di si nfecting Solutions Containing Polyquad(r).
Conponent A B C G Pol yquad(r) 0.00025 0.00025 0.00025

WA BHDR@S® 1304(r) 0.1 0.1 0.1 HP Guar 8A 0.1 OrpdRUS2009/038152
Propyl ene glycol 1.0 1.0 1.0 EDTA 0.05 0.05 0.05
Sorbitol 1.0 1.0 1.0 Sodiumchloride 0.3 0.3 0.3
Sodi um borate 0.6 0.6 0.6 pH 8.0 8.0 8.0 Upt ake
(Acuvue 2) 2 cycles ng/lens 0.33 0.29 0.240rgani sm

A B C G (hr nq‘; al bicans 6 §.2 0.100.1 0.0@1.5

O

rgédm&‘)b 24161§£l Smatrcescens63934J 0
5

3.
1QQﬁyI(T\’)/I RQG’)/]Q allraugegl’)ﬂ
C. altseqnss 8.2 X1 0624 4.1 9% 3.3 %11 a C%tll Free 099

1.5Ri et ng, Disinfecl4on, and.®toragé6Sol uti.dn. b 0.9

| nocul um control count.

S. marcescens 6 3.9 3.4 3.0 1.3
9.0 x 10° 24 4.5 6.0 3.6 2.4
S. aureus 6 3.1 2.9 2.9 2.4
8.2 x 10° 24 4.1 3.6 3.3 4.1

* Opti-Free ® Rinsing, Disinfection, and Storage Solution,
® Inoculum control count. _

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

Example 4

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
the effect of sorbitol on the PVA binding with Polyquad®. 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 with PVA, and lead
to a corresponding increase in Polyquad® lens uptake. Formula A is the control
solution without PVA. The lens uptake using this solution was 2.3 pg/lens.

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.
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PiEgY GORC] bt hd thongr ol 01 Ut ion i Ebut  HVA. - THE

B ptakefusigig this sgation was @43 no/|l ensgg
{ﬁ?ﬁg% ng addl telj]on of 0. 05% PVA t he upt ake |decreased

IIIC Ut U T UI U III Vvut 4
S?%H@égi??ﬁgne FQésenc ogﬁgoly iny{%ﬁfcghél andbéorat(
at pH 7.8 as a Functijon of Sorhbitol Concentjration. The
invention has been described by reference tlo certain
Sebabler red epbodilnent $; ho@ever | it shbuld he 0.75
understood that it may be enbodied in other| specific

TERSHI® 1794 vari atgens ttherges w §hout podgpartijng fgomits
spirit or essential c¢haracteristics. The enbodi nents

described—apov hrer e COonsi eu to b g
Epﬁ?ustrativ= HOO;% espgg s and not‘d(ﬂrestn ctiv%?sthe

scope of the invention being indicated by tlhe appended
clains rather than by the foregoing descri ion. Claing

PYA Kret hod| of inhi bilti n-0he (pt ak®.05f catf oni&05
bi oci des into hydrogel biomatenials, the nethod
pgonprising addimgp to|an aggeous conppsition conta@ ni ng
a cationic biocide an uptake-inhibiting anmount of a
| abi | e ani opi ¢ pol yeljectrol yte.

N
D19

Obs 36h Clear Hazy Slight Haze Faint Haze
Turbidity
Polyquad 23 1.0 1.8 2.1

Uptake,ug/lens

The invention has been described by reference to certain preferred
embodiments; however, it should be understood that it may be embodied in other
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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2. A nethod according to claim1l, wherein the labile

ani oni ¢ pol yel ectrolyte conprises a borate-cis diol
w@eignesdconpl ex. 3. A nethod of inhibiting theECUPSHRE038152

of cationic biocides into hydrogel bionmaterials, the

nmet hod conprising adding to a conposition containing a
ClmS oni ¢ bioci de and a borate an uptake-i nhi biting

anmount of a cis-diol-containing polyner. 4 . A nethod

according to claim3, wherein the pH of the
1. conpasithédnof Snkib@aigerththaptake bf Ativaididsloeidesr diteghydrogel

to either of clains 1 or 3, wherein the cationic, .
biomaeiiale, the methol yosiirising: addingdeanagansans ePBPepbigRdcontaining

6. A method accordi.ng. to claimb5, r.ein.the

o i OGO A BT PGP o QU agionts polyelectrolyte.
pol yquaternium 1. 7. A nmethod according to either of
claims 2 or 3, wherein the cis-diol polyner is

2. sAl adesd facesndifie tar Aitn CQNRhéRimdh®ahtivé Ayloni¢ gitglectrolyte
and gal actomannan. 8. A nmethod according to claim?7,

compesasi mborate-gialdach mripmennompleel ect ed from t he group
consi sting of guar gum |ocust bean gum tara gum and
chemcally nodified derivatives thereof. 9. A nethod

acgor dj t Oc G| adh m. erejn.t q :
5. 2SRorfugBe 0 Sha s HRSGeRe} OF SRLARL FBFRRE nto hycroge
bioFRALiAL] G &%oﬁ!c@ﬁ%ﬁls'h? _hadﬁhg t0fa Scthp@uHien bAGIMHRS a cationic
the method conprising adding to a conposition
biocilet aidn horate amtpake-anhibooigemaunt of a cis-diol-containing polymer.
bi oavai |l abi | i tynodul ati ng anount of a l|labile anionic
pol yel ectrolyte. 11. A nmethod according to claim7,

4. Yg eré%thggtag_%g%ﬁ glé Q(ti %?a&gqg g%?v%rgqqiﬁ %@ ?)H Br e 081915891%'05 i "Sreater

than 7.

5. A method according to either of claims 1 or 3, wherein the cationic biocide is a

polymeric quaternary ammonium compound.

6. A method according to claim 5, wherein the polymeric quaternary ammonium

compound is polyquaternium-1.

7. A method according to either of claims 2 or 3, wherein the cis-diol polymer is

selected from the group comprising polyvinyl alcohol and galactomannan.,

8. A method according to claim 7, wherein the galactomannan is selected from the
group consisting of guar gum, locust bean gum, tara gum and chemically modified

derivatives thereof.

9. A method according to claim 7, wherein the galactomannan comprises

hydroxypropyl guar.
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12. A nmethod of increasing the stability of an

emul sion containing a cationic biocide, said nethod
weewpnesping adding to the enul sion an PCT/US2009/038152

enul si on-stabilizing amount of a | abile anionic

pol yel ectrolyte. 13. A nethod of increasing the

stability of an emul sion containing a cationic biocide

IOanﬁ RetA8H A Emod 1afflinget¥1 Mﬁ%hﬁ%&f @a‘ﬂfé)%lﬂgbfo%idég?the method
mul siron an enu ab| I ZI'ng anount of a
cor@xpﬁsﬂﬂg%dd@ﬁ@t(ﬁa Rofgostionn®ntaining a cationic biocide a bioavailability-

modulating amount of a labile anionic polyelectrolyte.

11. A method according to claim 7, wherein the amount of galactomannan in the

composition is about 0.01 to 1% weight/volume.

12. A method of increasing the stability of an emulsion containing a cationic
biocide, said method comprising adding to the emulsion an emulsion-stabilizing

amount of a labile anionic polyelectrolyte.
13. A method of increasing the stability of an emulsion containing a cationic

biocide and a borate, said method comprising adding to the emulsion an emulsion-

stabilizing amount of a cis-diol-containing polymer.
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