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agents have also been noted as beneficial to include in ophthalmic solutions. However,

15  these two components are not viewed as compatible within one solution.

Cationic antimicrobial disinfecting agents have been shown to be compromised in
their efficacy in the presence of certain anionic entities. For example, U.S. Patent No.
5,858,346 teaches that poly[hexamethylene biguanide hydrochloride] (PHMB) and other
non-oxidative disinfectants (typically cationic entities) are neutralized in their ability to

20 damage cell walls, including cell walls of microorganisms, when combined with
Carboxymethylcellulose (CMC) and/or various other negatively charged entities.
Although the neutralization of the PHMB or other non-oxidative disinfectants alleviates
irritation of the eye, the neutralization also results in loss of antimicrobial efficacy.

Similarly, U.S. Patent No. 5,559,104, to Romeo et al., teaches the use of

25  Cetylpyridinium Chloride (CPC) as an ion-pairing agent for the precipitation and
purification of Hyaluronic Acid (HA) in a proposed manufacturing process for the HA
biopolymer. Thus, that CPC would retain its antimicrobial activity in the presence of a
large excess of Hyaluronic Acid or Carboxymethylcellulose is counterintuitive.

It would be advantageous to have compositions by which a decrease in irritability

30 to the eye is not accompanied by a debilitating loss of antimicrobial efficacy. It is an
object of the present invention to provide such compositions as well as methods of their

use.
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15 surfactar}ts, demulcents, amino acids, and Viscositﬂl imparting agents, including
hydroxypropylmethyl cellulose (HPMC).

In a preferred embodiment, the composition is comprised of specific concentration
ranges of said cationic dimeric or monomeric antimicrobial agents and said water-soluble
anionic polymeric substance.

20 In an alternative preferred embodiment, said anionic polymeric substance has a
sufficiently low charge density such that the interaction between said anionic substance
and said cationic monomeric or dimeric antimicrobial agent is sufficiently weak, and does
not profoundly inhibit the microbiological activity of said antimicrobial agent.

In one embodiment, the composition comprises at least one anionic polymeric

25 substance, such as Hyaluronic Acid and/or Carboxymethylcellulose, and at least one
cationic monomeric or dimeric antimicrobial agent. |

In another embodiment, the composition comprises at least one anionic polymeric
substance and at least one cationic monomeric or dimeric antimicrobial agent, such as
Cetylpyridinium Chloride, Alexidine Dihydrochloride, or other acceptable salts thereof.

30 In another embodiment, the compoéition preferably comprises at least one anionic
polymeric substance and at least one cationic monomeric or dimeric antimicrobial agent,
such as a monomeric biguanide-containing entity, such as Chlorhexidine and

ophthalmically acceptable salts thereof, such as Chlorhexidine Hydrochloride, or a
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tonicity adjusting component to provide the compositions with the desired tonicity.
The aqueous phase or component in the present compositions may have a pH
which is compatible with the intended use, and is often in the range of about 4 to about
10. A variety of conventional buffers may be employed, such as phosphate, borate, citrate,
20 acetate, histidine, tris, bis-tris and the like and mixtures thereof. Borate buffers include
boric acid and its salts, such as sodium or potassium borate. Potassium tetraborate or
potassium metaborate, which produce boric acid or a salt of boric acid in solution, may
also be employed. Boric acid may be combined with a geminal cis diol-containing
substance, such as sorbitol, to effectively lower the pK of boric acid, thereby enhancing
25  the buffer capacity of borate at the desirable physiologically optimal pH range. Hydrated
salts such as sodium borate decahydrate can also be used. Phosphate buffers include
phosphoric acid and its salts; for example, MoHPO4 and MHPO4, wherein M is an alkali
metal such as sodium and potassium. Hydrated salts can also be used. In one embodiment
of the present invention, Na,HPO4 7H,0 and NaH,;PO4 HyO are used as buffers. The term
30 phosphate also includes compounds that produce phosphoric acid or a salt of phosphoric
acid in solution. Additionally, organic counter-ions for the above buffers may also be
employed. The concentration of buffer generally varies from about 0.01 to 2.5 w/v% and

more preferably varies from about 0.05 to about 0.5 w/v %.
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about 7. 4. of sodium chloride and potassium chloride are used to adjust the tonicity of the
composition.
Tonicity agents are typically used in amounts ranging from about 0.001 to 2.5
20  w/v%. These amounts have been found to be useful in providing sufficient tonicity for
maintaining ocular tissue integrity. Preferably, the tonicity agent(s) will be employed in an
amount to provide a final osmotic value of 150 to 450 mOsm/kg, more preferably
between about 220 to about 350 mOsm/kg and most preferably between about 270 to
about 310 mOsm/kg.
25 In another embodiment, the composition preferably comprises at least one anionic
polymeric substance, at least one cationic monomeric or dimeric antimicrobial agent and
an aqueous medium comprising an alkali metal salt, such as sodium chloride, and a buffer
agent, such as phosphoric acid and its related salts, boric acid and its related salts, or tri(2-
hydroxymethyl)methylamine (Tris) and its related salts, such as to render the final
30  osmolarity between 220 and 350 mOsm/kg and a preferred final pH between 6.5 and 8.5.
In another embodiment, the composition preferably comprises at least one anionic

polymeric substance, at least one cationic monomeric or dimeric antimicrobial agent and

an aqueous medium comprising one or more alkali metal salts, such as sodium chloride,

4.
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final pH betyseitrié.sObstdide, at least one cationic monomeric or dimeric antlmlcroblal agent and
an aqueous medium comprising one or more demulcents, such as propylene glycol,
poly(hydroxypropylmethyl cellulose) or a short-chain polyethylene oxide, added
preferably between from about as 0.05% to 1% w/v, to achieve enhanced cleaning and
20  water retention of lenses, without significant loss of antimicrobial performance of the
disinfecting agent(s).

In another embodiment, the composition preferably comprises at least one anionic
polymeric substance, at least one cationic monomeric or dimeric antimicrobial agent and
an aqueous medium comprising one or more chelating agents, such as

25  ethylenediaminetetraacetic acid or one of its salts is added at an appropriate concentration,
preferably from about 0.001% to about 0.01% w/v to insure solubilization of calcium
from tear components during lens treatment with said contact lens disinfection
composition.

In another embodiment, the composition preferably comprises at least one anionic

30  polymeric substance, at least one cationic monomeric or dimeric antimicrobial agent and
an aqueous medium comprising one or more amino acids, such as taurine, serine and

glycine, added at a concentration to provide potential health benefit, preferably from
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| east one anionic
and carboxymethyl cellulose; carbomers (e.g. carbopol. RTM); polyvinyl alcohol;
15 polyvinyl pyrrolidone; alginates; carrageenans; and guar, karaya, agarose, locust bean,
tragacanth and xanthan gums. Such viscosity modifying components are employed, if at
all, in an amount effective to provide a desired viscosity to the present compositions. The
concentration of such viscosity modifiers will typically vary between about 0.01 to about
5% wiv of the total composition, although other concentrations of certain viscosity
20  modifying components may be employed.

In another embodiment, the composition preferably comprises at least one anionic
polymeric substance, at least one cationic monomeric or dimeric antimicrobial agent and
an aqueous medium, wherein the anionic polymeric substance is hyaluronic acid with
molecular weight preferably between 70,000 and 4 million daltons and more preferably a

25  molecular weight between 700,000 and 2 million daltons.

In another embodiment, the composition preferably comprises at least one anionic
polymeric substance, at least one cationic monomeric or dimeric antimicrobial agent and
an aqueous medium, wherein the aniomic polymeric substance is hyaluronic acid
preferably added at a concentration between about 0.001% to about 1% w/v and more

30  preferably added at a concentration between about 0.005% to about 0.2% w/v.

In another embodiment, the composition preferably comprises at least one anionic

polymeric substance, at least one cationic monomeric or dimeric antimicrobial agent and

an aqueous medium, wherein the anionic polymeric substance is hyaluronic acid with
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pol ynmeri & s@BstadpRus, medivipe 3deredh dhec SHOBIR; ‘Emﬁﬁﬁ&ﬁﬁwcéo%ﬂt ?grei’i‘tclrsogiéé}duﬁ’gent
and an aquewﬁymg&m_conpri sing one or nore viscosity nodi fying agents or
conmponents, such as cellul ose polyners, including hydroxypropyl net hyl

cel l ul ose (HPMC) In imptheosiylendimpént ctbe Fernpasision PRE)ablp comprisey afrlenst/enetppionic

cel l ul ose, hydroxypr,opyl cel | ul . | . gﬂg I

cel | ul ose; gérg%l()eﬁ%rsgbsg}e{?eg?t lgegﬁgg‘%git{oqﬁﬁ%ﬁ?m%% bﬁ%il%%ﬁca coﬁ%%?@%%éﬁg%/ww

Eyr r ol i done;anadq@enat @sdiuaamwhagae tansjtioain digeae ,ankmicaytagl zgstr Bsalexidieust
ean, tragacanth and xanthan guns. Such viscosit difying ¢ onents are

enpl oyed? | §)15¥£%ﬂhll°,”df ﬁd‘%H aéﬁgﬂﬁﬁnt@f‘?ﬁe’iﬁ%{e\r/@%f %etff%/e n%ﬂgt %éocfgglft%gjg’%?nscosi ty

to the presedre pRPOY bdrdids frohh&oaONgent.5 atdbatc 0 psch vi scosity nodifiers

will typically vary between about 0.01 to about 5% w v of the total

conposi tion, al t A dellotieesonceiitasnr rangroHs corerBlated fir iestigic BPIMBREIY yi ng
conponent s q&yst&%eseémgigéfﬁghergi'ﬂ: fnat hebne B@@gﬁeﬂg BlibstdhBeisGRAMRRIt AR the

preferably conprises at ast one anioni ¢ polyneric substance, at |east one
cati oni ¢ normpmfersdc corcentiatien iof st ianiopicopilyheriegeyitstanerd and dagersdnes oneidi um

e e L SRR S AR P e gL
a anionic polymeric substance is carboxymethylcellulose, the preferred concentration of
said anionic polymeric substance, and depending on its molecular weight, is 0.002% to
2% and, more preferably, 0.1% to 1.0%. One of ordinary skill in the art will be able to
determine appropriate concentration ranges if a different anionic polymer is proposed for

20  use.

The following concentration ranges are contemplated for the monomeric and
dimeric cationic antimicrobial agents considered herein: The preferred concentration of
said monomeric or dimeric antimicrobial agent is 0.2 grams per liter (ppm) to 20 ppm
and, more preferably, 0.5 ppm to 4 ppm. '

25 In another embodiment, the composition preferably comprises at least one anionic
polymeric substance, at least one cationic monomeric or dimeric antimicrobial agent and
an aqueous medium, wherein the cationic dimeric antimicrobial agent is Alexidine
Dihydrochloride and the anionic polymeric substance is hyaluronic acid.

In another embodiment, the composition preferably comprises at least one anionic

30  polymeric substance, at least one cationic monomeric or dimeric antifnicrobial agent and
an aqueous medium, wherein the anionic polymeric substance is hyaluronic acid.

In another embodiment, the composition preferably comprises at least one anionic

polymeric substance, at least one cationic monomeric antimicrobial or dimeric agent and
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nol ecul ar wei ght between 700,000 and 2 mlIlion daltons. In another

enbodi nent, the conposition preferably conprises at | east one anionic

pol yneri cweubsymBwe, at | east one cationi c nonomeri c or PAIrTGBR05/040827
antim crobial agent and an aqueous mnmedi um wherein the anionic polyneric
substance is hyaluronic acid preferably added at a concentration between
about 0.001%to about 1% w v and nore preferably added at a concentration

bet ween aboyf, Qg&%‘“’&@dﬁﬁ?%hé}eiﬁ%ﬁé’/ Vatiddlc 2RShOEenhedicem, the
conposition preferably conprises at | east one anionic polyneric substance,

at | east onecwyhyridiniu aimmele®eri ¢ or dineric antim crobial agent and an
aqueous nedi um erein the.anionic polyneric substance i.s h ronic acid
wi t hnol ecul ar Wex%ﬂ’tm T SRRYBEY) %%f%{g‘)eoﬁ%?g@,regﬁ@%i nd 9o ?tlﬁ?agﬁgﬁ(?anfoglﬁ:s and
i's added at palyaRAE Silistadtd, @l one edtiofib ntinofheNO b ditreria Buimicfb2Vagedyand n

anot her enbodi nent, the_conposition preferably conprises, at | east one
ani oni ¢ Pol e Rfleosy Haedinae Whireine £5t CSWB“%a{“iOB?fP%BwﬁﬁBWEWbdaloragﬁ]t meri c

antimi crobi %!etyggﬁﬁihiuﬁun&l RicBAHSOMSrABE 44Bbd WNEE Rkt BdbéeanibSuich STRY i C
antim crobial "agent 1s exi di ne" Di hydrochl oride. In another enbodi nent,

the conposi tabowt Sppmeh.enaidlpycfewhiyrat segneentriténnsel ahaet hi Shoue 3 oMy Had most
onj, i

subst ance, at ler%l‘?lSt one catj.oni.c ., mmRoneri ¢ . or p%EiIr[reri c antim crobial agent
rein the c: “d

refi at a_concentration .. Lo . .
and an aquedjus I’T'Eél um V\%e e catironic ric anti m crobi al agent IS

Al exi di ne Di hydr acitlotet eebatided, ht canpoitios prafatblp noppriskeatdtdsy olpatniveen about
1 to about 5 ppm.and nore E{gef er abl t o about

Y bet ween f rom ahout . 1. O or 1. 5
4.5 ppm Orn @oBBIeT B 0 AL BRY Pt PO SHCGEF & HRTCAMIRERE S Breo]
ani oni ¢ pol yehiseoid DREARESWEEDRI GRS edrihifE eimdnohérid hatimmirébiAlCc ageltymeri ¢
substance is hi/al.u.r onic acid, the gr e{ er rgd concent raati on an_ sgi d anionic
pol yneri c swetinaridisiumpeidorifispad ds rgieehlyl addedd eeqneantraiad bvveen;aow Goios t o 1%
W v and, norg Brseé;ﬁ,qﬂ%% reQer%l;ig/oa{ 0 chrodiatibh of BELLRD 1O Bbdat BGI pHART2h& nPST ance
i s carboxymet Plyl C u osg, the’preferred concentration of said anionic
pol ymeri ¢ substablyet assvdcaidpeaend phgbooh 13t ahohieddlmem. wed gierein §ieand®is t o 2%
ggdéblrrte)r]goprp%ﬁy%e%gIsalﬁstagéell‘;/ L9 % Pne of ordinary skill in the art will
Methods for treating a contact lens using the herein described compositions are
included within the scope of the invention. In general, such methods comprise contacting
a contact lens with such a composition at conditions effective to provide the desired
treatment to the contact lens.
20 The contact lens can be contacted with the composition, often in the form of a
liquid aqueous medium, by immersing the lens in the composition. During at least a
portion of the contacting time period, the composition containing the contact lens can be
agitated, for example, by shaking the container containing the composition and contact
lens, to facilitate the contact lens treatment, for example, the removal of deposit material
25  from the lens. Before or after such contacting step, in contact lens cleaning, the contact
lens may be manually rubbed to remove further deposit material from the lens. The
cleaning method can also include rinsing the lens prior to or after the contacting step
and/or rinsing the lens substantially free of the composition prior to returning the lens to
the wearer's eye.
30 It will be understood by those of skill in the art that numerous and various
modifications can be made without departing from the spirit of the present invention.

Therefore, it should be clearly understood that the following examples are illustrative only

and are not intended to limit the scope of the present invention.
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determine appropriate concentration ranges if a different anionic polyner

I s proposed for use. The follow ng concentration ranges are contenpl ated
for the nwoaomwissicand di neric cationic antin crobial agecrascassiaer ed
herein: The preferred concentration of said nononeric or dineric
antimcrobial agent is 0.2 grans per liter (ppm to 20 ppm and, nore
preferably, 0.5 ppmto 4 ppm In another enbodi nent, the conposition
preferably conprises at | east one anionic polyneric substance, at |east one
cationic nononeric or dinmeric antimcrobial agent and an aqueous medi um
wherein the GAMBDES di nmeric antim crobial agent is Alexidine

D hydr ochl ori de nld the anionic polyneric substance is hyaluronic acid. In
anot her enb i . the conposition preferably conprises at |east one

an It oni ¢ pg! ylrrer i (AnSthqu‘aglaM €he ophthdl@@sStongpeeition heconding toroirqesehtnentic Wer i ¢
antim crobial agent and an agueous nedi um wherein.the ani.oni c _pol yneric
subst ance i PeRREduRD ANV RAD d%ablenlan&hhserco@ﬁ’f?btmn ch FWB”?EB%%O@%E% g‘?‘f’
preferably C&?méﬁ@%taﬂ&arbﬁ@?qrfﬂ?& @mgf}ﬁb’csoﬂlﬁiloﬂ,rmiyl froRddalme) codtfort @ASt one

cationic nononeric antimcrobial or dimeric agent andan aqueous medi um
wher ei n t he thatieomiddiorompathility wathtlenses rlblsi neteddleat fieppioniti el Yierie KEbSRPeRe. | n
anot her enbodi pent, th 0 | C I.Ses al ne
ani oni ¢ pol y(?rr{atrﬂll%g X%n&%g’t?%%)é g? e%z'%) ‘tdrg‘gg’?‘hgéﬁ&?a e%gﬁcggg%%oﬁn%ﬁ%ag?% t?n(r{’feri c
antim crobi al agent siawh amn Baice dubeloedienylpwhigrien nChlhede 4€CPOhiat vaonesTeri ¢
antimcrobial agent is cetylpyridiniumchloride and is. preferably ded at
a concentd atqoﬂﬁgﬁﬁ%é%?%ﬂ%ﬁ‘&;ﬁ.S%netvﬂ‘aéﬂ’é’ Fm%fdd‘bﬁ?”%?‘%’%?%rf%f?‘%ﬁey‘“a ®a
concentrat i Qleficcalp 0 5% HydlbRUACId (RANWitBAderiRSholiull eeait gMBa ofabout
concentration of about 1.3 to about 2'2%})9{%@&” anot her _enbodi nent, the

t >

conposi ti on b eflEpaBYlydeenprp serpagd tp gk ArieBHripe pdpy Reiisred «pkst ance,
at | east ane&%%}\ﬁg&tﬁ)nr& BELLC @RSwdelRid QicfNoviifd GicalinsQ fRimaNnFingh

aqueous medi um rern the cationic nonomeric antimcrobial agent is

cetyl pyri di nivithrespdeorno de anlityits aphiefeesudfitipntalddad law cancepimtiontipa irehisbet ween
about 0. PS t Odisinfection system for contact lenses. Table 1 shows that CPC activity toward three
bacteria and two fungi (C. Albicans and F. Salami) is lowered on average only by about
one-half log in the sum microbial kill level of five common microbes, relative to the
HPMC-containing formula. The loss of some activity toward S. aureus indicates only
slight ion pairing between CPC and this relatively high molecular weight HA material.
20  The fact that only slight ion pairing is seen is contrary to the teachings of the prior art.

Table 1: Antimicrobial activity toward five organisms versus CPC concentration in a Tris
buffered formulation containing either 0.2% HPMC or 0.075% HA (MW = 1.7M daltons)

Ingredient HA Formulations HPMC Formulations Compleie®|
CPC (ppm) 1.00 ] 1.25 ] 1.50 ] 1.75] 2.00] 1.00 | 1.25] 1.50 | 1.75 | 2.00 | Lot 30616
HA (1.7M) (%) 0.075 [ 0.075( 0.075] 0.075[ 0.075 (Control)
HPMC (%) 02 |02 020202
Pluronic® F-87 (%) 0.05 | 0.05] 0.05 ] 0.05] 0.05] 0.05 | 0.05] 0.05 | 0.05 | 0.05
NaCl (%) 0591059 059 | 059 | 0.59 ] 059 [ 0.59 [ 0.59 | 0.59 | 0.59
KCI (%) 014 | 014 | 014 | 014 | 0.14 | 0.14 [ 0.14 [ 0.14 | 0.14 [ 0.14
Propylene glycol (%) 0.5 0.5 0.5 0.5 0.5 05 { 05| 05 0.5 | 05
EDTA (%) 0.01 | 0.01 ] 0.01 | 0.01 | 0.01 ] 0.01 | 0.01] 0.01 | 0.01 | 0.01
Taurine (%) 0.05 | 0.05 | 0.05| 0.05] 0.05] 0.05 [ 0.05| 0.051 0.05 | 0.05
Tris HCI (%) 0.055 | 0.055| 0.055 | 0.055 0.055] 0.055 | 0.055] 0.055 [ 0.055] 0.055
Tris (%) 0.021 | 0.021] 0.027 [ 0.021] 0.021] 0.021 [0.021] 0.021] 0.021] 0.021

Organism Lcﬁl-)rop in Live Organisms
S.marcescens 13880 1.59 | 2.17 | 2.82 | 3.29 | 3.53 ] 1.03 | 2.69 | 3.09 | 3.87 | 3.74 4.65
S. aureus 6538 238 | 226 | 321 | 3.41 | 3.76 | 3.61 | 2.86 | 3.98 | 415 | 4.76 4.76
P.aeruginosa 9027 | 4.58 | 4.58 | 4.58 | 4.58 | 4.58 | 4.28 [ 458 [ 4.68 | 4.58 | 4.58 4.58
C. albicans 10231 120 | 1.87 | 2.36 | 256 | 3.15 | 1.43 | 2.16 | 2.31 | 3.14 | 2.23 157
F. solani 36031 068 | 055 080} 070 0.77] 0.70 ] 0.42 ] 0.41 ] 0.51 | 0.51 2.37
Sum 1043 | 11.43| 13.77 | 1454 15.79] 11.056|12.71| 14.37| 16.25| 15.82|  17.93




about 5 ppm nore preferably at a concentration of about 1 to about 3.5
ppm and nost preferably at a concentration of about 1.3 to about 2.3 ppm
and wher ewo 20¢ws3asisoni ¢ pol yneri c substance i s Hyal ur onipcTAGRE)s/0MB2hods f or
treating a contact |ens using the herein described conpositions are
included within the scope of the invention. In general, such nethods
conprise contacting a contact lens with such a conposition at conditions
effective to provide the desired treatnent to the contact | ens. The contact
l'ens can be contacted with the conposition, often in the formof a liquid
aqueous nedi 7 imersing the lens in the conposition. During at |east a
portion of the conttagtexmgplts ofeophehalnnid compesittmaposrding o he preagnhiimgntidne
contact |ens can be itated, for exanp# , b haki.ng the cont ai ner

cont ai ni ng tf&e BTGH‘HB‘i‘ st?hBW“éfhEabg‘??rﬁAa?ﬁd Bgné‘?g{?’zhefc élo F e lgﬁ%ogﬁtn 8ct 1ens
treat nents, fRsfoERER: the BEicAS WP MRlanBinidieRASdnt. Mt erial fromthe |ens.
Before or after such contacting step, in_contact |ens cleaning, the contact

lens may be manuGPmpatngotiablet b prtholabler 4By hélexdso Qibydrrabbriia| (_Af]-t)gmlst he
lens. The C'd%%hﬂ&é&%“&&tib%g Rl ﬁﬁ;ﬂié}sﬁi'éﬁ@ffﬂcpsdo,m)t REvlena Phbight-pe- OF
after the contacting step an ?or rinsing the 'ens substantially free of the
conposi ti on vptungr bass that GPGiwhgn fThie bhferswitlo 0L e d&rie mseast asylke bapg fofnpla. pe

under st ood t hose of skill.in.th t.hat,. o r - QUS

nodi fi cat i ons"¢aR" HERHRHE eéqah%ultangggiélﬁet%n%hlf &%ﬁﬁ%th}és[g%}r sle%{é’j}zodff %tL‘l}ieC Prg:r esent
inventi o Tbemefbena, actititystauldds. baralsahsd }LKNderheoamtisin ¢ff@ablkol hwiv ng
exanples are illustrative only and are not |nt it the scope of
the present FaRiFeHt !SW%MI\WL@%%?EC fo’,&ﬁl_né‘%gﬂ&%%) ]tég‘ M@LLB‘H‘? ﬁé‘i“ﬁr’itg
conposi ti on AcafdieRdedvity tf TRE 8588td TPTQBAIRAMWAS s caR@TeHHAS Althowgh i N
Table 1. This conposition, which surprisingly nmeets the disinfectin

st andar ds sdwtlf ris puffered and heyate tyfferd| ‘thldcebps” Miaymypro eaniraniag gil ti?%‘?ijé?n%%onf ort
to the eye, Qg%t b[hé) Ca%%%&ﬁfh'aig@(t) D ERPS§ESno AvE Sacﬂgirtﬁdootrmtprc;vﬂﬁzsaa{" oni ¢
pol ymeric subsfance
15 demonstrable synergism with CPC that substantially boosts the overall AME activity.
Comparing Table 2A and Table 2B shows that the AME activity of ALX in Tris buffer is
also moderated when 0.05% HA (MW = 1.7M) is used as the demulcent instead of 0.2%
HPMC. Thus, both CPC and ALX exhibit slight reduction in activity when HA having a
MW of 1.7M is employed as the demulcent. The loss of only some activity again
20 indicates only slight ion pairing between CPC and this relatively high molecular weight
HA material. The fact that only slight ion pairing is seen is contrary to the teachings of
the prior art.

Table 2A: Antimicrobial activity toward five organisms in HA-containing Tris and
Borate buffered systems, respectively, versus ALX or CPC concentration
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(in this exanple,
agent .

anti m crobi al

HA) ,

does not profoundly affect the efficacy of the
As shown in Table 1 bel ow, Cetyl pyridinium Chloride

(CPC) at wenbhmus3wencentrations is found to be sonewhat powdseassgos2n

anti m crobi al

_ performance in the presence of 0.075% Hyal uronic Acid (HA)
wi th average nol ecul ar weight (MN of about 1.7 mllion (M daltons,
conpared to 0.2% HPMC, when using a Tris buffered contact

as

| ens di sinfection

conposi t i on—Hagryes— e ShidistnareT T T Of aCTh¥Fdijfuiasnsdeemed minor with
respect to [NEABBEMLY |11G5 Rabd BV (oAbl eedajent [KI 1| at] [ oW cohcen ration for
a robust di sinfeeermn 4ystbm flor clont act 1&g 4801 ¥ 5F2§%J;,a§_ g P
activity towsM-WalM oI008 10051 0.05 0 075]0.025] 0,075 | 0,075 [0.075 | 0 Lazrazi Y

Yy s HET ) 10055 Lo.055'] GHa5] 008590.05 e T A catfS—apt—T m) is
| ower ed on averaaEs YT Yo b5 | B0 o2 P8z iledol [ TOg 1 N[ The[ Surp m €7 ob actonkdl)l
| evel of fiye cemmn miosobesy oeal at Ve sd . ne sHPMY comnt|Rish| A T or nul a| The
| oss of sonp_acKeety tAl F g1 144 0141514 20441 gia )0.14i]:034] 014 pairih
bet ween CPClanrd2l (,% ) 0, oq)g Q.01 ].0.011°0.0 ) g.01 Podal 1081 0.0t g

e @% Tt TV 005 [0 b5 e bICa s T0.0Eb.E T o.d5F olsef b8 pl . Thef f act

that only s|TRIRF.E ReNEPYIoNs 008 50 GeiedDs | 9.0LlortE T any | .05 f 0w [oeathbnhs of the
prior art. & @i@c;y&romlm C1oh| A 1ae5 iLWAStl t ouard fi m rGH1 1i01 5 ver sug CPC
concentrati 'ﬁgﬁ}%d,a@'.“L”“ : F g Stteda et P. 2% HPMC or
0. 075% HA ( iigort -1 Wy 09 0B%5 [ 0675 DPérs hal i c
conposi t1 ony aGkgheh Ng |1 Qoglddin PibikEddahisrhsaveidlirs St MEHS Ghn e sifs gedifi@iorgatigomn | i n
Tabl es 2A afEmaEsceAn)ansi] 3.16 Ne.4L pé 60040 | ahd | aod robl ab2 deed 480t 3p0 bf othed]
affect the ¢ hirceaepys @ 1313 ]| ABT | APl 49i] AF9 IATSN14.69 CARREIONG2TARBES] 1 d ffabl e
2B, Al exidi (#agag6dr oo HIGE L 481 LAS y4.80g 4, 2P0 AP 1§80 998 LOR0 L 095
ant i mi or obi k:2vmHs 6558 153 1259 | 3.07 Y3167 3.21] 3.01].2.4 ?}3‘4 30017394 415 -85

_ qovdab 1o CY TGN DTV T 3 [ 96s o Y1295} 3 BE] YRITURE| Bes| S 1diam| CPC,
when Tris bt (T (527 BV bE| 3586492 hi18.2Das e [ OBMUlE] sFpyeVed,
conpari son (H zehahbe od7 dnds Jabd E4.89 150dl4cak €5 [tasal 459 natolespl esehcesmndf HA,
CPC r et ai ns [debitses 1020t i|\wist ¥ osohvasd] S | Any leUs |12lsan 224 X2.8oF#56 hae! ¢onpiri son
of Table 1 Qﬂ”aTeﬁlﬁ%é 24 'ohowg4 [ BAY | HOn A6%] Hgf e ed0TPESq 3B Ai3dl hg F7076% HA
(MAEL. 7TM hiotRraanisng ) 2. 18i PR 1797117041 {88011 1770) VAR B HPe @@_@dﬁ&_j_‘ i ng

the sane 0.075% HA. Alt hough both Tris buffered and borate buffered
"Pl acebos" (Wablen2Basntointobiahactiyitslih Trin pnietpd frmulations containing 0.2% HPMC
toward five organisms versus Alexidine Dihydrochloride concentration

multi-purpose solution

Formulation HPMC Formulations | Complete®
ALX (ppm) 150 | 2.00 | 250 | Lot 27321
HPMC (%) 0.20 0.20 0.20
Pluronic® F-87 (%) 0.05 0.05 | 0.05
NaCl (%) 0.59 | 0.59 | 0.59 | Exp: Sep.05
KCI (%) 0.14 | 0.14 | 0.14
Propylene glycol (%)} 0.50 | 0.50 | 0.50 (Control)
EDTA (%) 0.01 | 0.01 | 0.01
Taurine (%) 0.05 | 0.05 | 0.05
Tris HCI (%) 0.055 | 0.055 | 0.055
Tris Base (%) 0.021 | 0.021 | 0.021
Organism Log drop in live organisms @ 6 hrs.
S. marcescens 13880] 4.83 | 4.83 | 3.75 3.53
S. aureus 6538 3.69 | 4.51 | 4.81 4.51
P. aeruginosa 9027 473 | 473 | 4.73 473
C. albicans 10231 1.18 1.72 1.87 1.49
F. solani 36031 2.18 2.73 4.18 2.97
5 Sum 16.61 | 18.52 | 19.34 17.23
Example 3
Tests were performed to determine whether the molecular weight of the particular
anionic polymer had any effect on the efficacy of the solution. Table 3 shows the effect of
HA molecular weight upon the antimicrobial activity of three disinfection chemical
10 entities: PHMB, ALX and CPC. Complete® Moisture Plus™
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except the antimcrobial agent) show little or no AME activity, borate
provi des a denonstrable synergismwth CPC that substantially boosts the
overal | AWNB 2amsisyicty. Conparing Tabl e 2A and Tabl e 2B slpowasstévatosdsbe AVE
activity of ALX in Tris buffer is also noderated when 0.05% HA (MN= 1.7M
I's used as the demul cent instead of 0.2% HPMC. Thus, both CPC and ALX
exhibit sli ght reduction I n activi ty Wnen HA having a MWof 1.7Mis

enpl oyed as (0] Y agai n indi cates
only slight ¢ alBBﬁ l1§§ %IP%V\E/_(\IE and QI{RJI'[‘H 2 err\;en,3 %%e &I }ﬁIA ﬁ%rml ecul ar

wei ght HA FYER}ﬁY/IBéHA fafhﬁlaftlaﬁtwhll’f@.the(ﬂﬂ(:yn(ﬁll-ﬂigl‘ttonlrolms [padsdfrltengml Eabsfemati:)so
contrary to the teachings of the riogr art, Table A Ant I al
activity tovipmyCPivad 8yl SWEW% H/S}Lé%l?—ﬂ“aﬂﬁﬁ?atrﬁ*r P‘sﬁ’ grﬁ’HmBg}rgtl% WYae er ed
systens, respeelipy ety dahé%ﬁféﬁstfék%hﬁm@ﬁ’&l&g)anﬁl%rét:ulaxt wéagntabh 8V2&:0. 8M has
Antim crobl al activity in Tps buffered formul ati ons contai ning 0.2% HPMC
toward fidve 1or garushis mém@ug effeetx o ﬁh@eaxmrm«;rablébﬁﬂf@alq.\/d@” ibevecirer demisal

Exanpl e 3 Teg naﬁes“%ﬁwe%rf [{]819«%%@‘ monemt%ﬁe@ hg%mo?e%wagnveﬁ&m ght of

t he partlcular ahi oni ¢ ad an | cac
sol uti on. Taxlmksiaoﬁofsfh@,V\B7MhEs @éxf &qﬁromfce Hhé gmit@c uihMtlmmfglhtlmonmaltelffe:acy

anti m crobi al act f three di ection S

and CPC. Conpy&d (l'ﬁ‘f{; <LF st Bé‘?’f’ %11 s lbg A{Jolg(f RELsnP IYF% ng
0. 15% HPMC apgl- HA@or@ﬁﬂhEkWol sfd M@&v@ﬁmbfé@ulﬁmﬂelgm}mﬂ}lﬂﬂ\@n%sﬁl@ﬁmh@t i on,
while the CPC non-HA control is presented in Table 3 &at 2. m CPC and
0. 15% HPNC) . AFR sompoitionh arqmlsconigifiantpptiested i apHicrebia efflﬁwd?ylt highgsk 2B,
The data demposhE@hSiebNat wyﬁhmwld?lgof@{ml gl Il(ﬁfsm%bcgﬂb IQg oflac@MyPfelalv8M has

no nmeasurabl’e reductive efféct on the antimcrobial efficacy of these three
cheni cal entbtthelsyermedletulareveight BRNEs aThc0CHG $hays the 2o effent on effisedniyithe hi gh

nol ecul ar wei ght vension 7 r
i nhi bition df &N eomhg rl%r o tesr‘ﬁf]?‘% IM §Osm S&f’tﬂwgq 1\§\g§f?sglnlt %givg)ﬁm o?ﬁ)%%e Kill
level isr eobfcady byméa hotiritydagdaig nrdaiaat IoViB/ slight hen pmnng%emam &Rd agd dont r ol
and the ] ower nol ecul ar_ we I tions ALX conp osi tions
are al SOlSSI grlafy ke VOEFFQEW%WSHW% %E?Célthaé?ql}' @%@ym&?a’tnﬁg CGhest

is contrary to the teachings of the prior art.

Table 3: Antimicrobial activity of three different disinfection chemical entities in Tris

buffered formulations containing HA of three different molecular weights: 0.8M, 1.5M
20  and 1.7M

Ingredient CPC Formulations Alex. Formulations ] PAMB Formulations | Completed]
PHNB (ppm) 10 [ 1.0 | 1.0 | Lot27a2d
Alexidine (ppm) 20 | 20 | 20 Exp: 9/05
CPC (ppm) 1.5 1.5 1.5 2.0 2.0 2.0 2.0

HA (MW = 0.8M) (%) | 0.05 0.05 0.05 0.05 (Control)
HA (MW = 1.5M) (%) 0.05 0.05 0.05 0.05
HA (MW = 1.7M) (%) 0.05 0.05 0.05 0.05
HPMC (%) 0.15

Tris HC (%) 0.055] 0.055] 0.055{ 0.055 [ 0.055] 0.055 { 0.055 | 0.055] 0.055{ 0.065} 0.055] 0.055{ 0.055
Tris Base (%) 0.021] 0.021]0.021] 0.0210.021} 0.021 | 0.021 { 0.021] 0.021{0.021] 0.021] 0.021 [ 0.021

NaCl (%) 059 [ 0.59 | 0.59 | 0.59 | 0.59 | 0.59 | 0.59 | 0.59 | 0.59 | 0.59 ] 0.59 | 0.59 | 0.59

KCI (%) 014 ]014{ 0141014 /0141 0141 014 1 01410141014} 0.14§ 0.14] 0.14
Edetate Disodium (%)] 0.01 | 0.01{ 0.01 | 0.01 { 0.01 | 0.01 | 0.01 § 0.01 | 0.01] 0.01] 0.01 | 0.01 |} 0.01
Taurine (%) 0.05 § 0.05| 0.05] 0.05 | 0.05] 0.05 | 0.05 ] 0.05 | 0.05 | 0.05} 0.05} 0.05 | 0.05

Pluronic® F87 (%) 1 0.05] 0.05} 0.05] 0.05 | 0.05] 0.05 | 0.05 | 0.05 | 0.05) 0.05 ] 0.05{ 0.05 | 0.05
Propylene Glycol 05| 05| 05| 056 105]| 05 0.5 05| 05| 05] 05 ] 05 | 05

Organism Log dop in viable organisms at 6 hours after ~1xE5 innoculum of specified organism:
S. marcescens13880] 2.74 | 3.25] 3.67] 367 ] 3.7 | 410 | 403} 488 | 488 | 488 488 | 4.88 | 3.64 4.88
S. aureus 6538 42 1 468 ] 82 | 42 | 468 3.98 | 357 | 4.38 | 3.78 | 3.30 ) 468 | 468 | 3.04 4.68

P. aeruginosa 9027 | 4.56 | 4.56 | 4.56 | 4.56 | 3.71 | 456 | 4.56 | 4.56 | 456 | 456 | 4.56 | 4.56 | 4.56 4.56
C. albicans 10231 28718324 294)310|285] 28 | 339 ] 1.6 | 1.86 ] 1.74] 1.35} 1.52 | 0.46 1.83

F. solani 36031 189|176 | 164 ]| 250 | 260 | 244 | 1.82 | 3.75| 3.87 | 2.87 ] 2.79 ]| 2.87 | 2.54 2.93
Sum 16.26|17.49116.01] 18.03}17.54| 17.88 | 17.37 [ 19.17] 18.95] 17.35] 18.26] 18.61| 14.24 18.88
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presented nol ecul ar wei ght version of HA (1.7M, |oosing about 2 | og of
activity relative to the | ower nol ecul ar weight entities. The CPC shows the
| east ef fwoto@msefsfii cacy by the presence of the | argest preaiseehsiddosei. 7M ,
losing less than 1 | og of sumactivity. The |l oss of only sonme activity
again indicates only slight ion pairing between CPC and this relatively

hi gh nol ecul ar weight HA material. The fact that only slight ion pairing is
seen i s conttar t4o the teachings of the prior art. Table 3: Antimcrobial
activity of ifferent disinfection chemcal entities in Tris buffered
f or mul at i onsrheofdiawtigngranleothdwir gie diekf enemtimmpbtédubaivityeif ghtreno@erdM 1. 5M
and 1. 7Mexanpl.e 4 The foll gw ng example s the effect on antin.crobial
activity of AU %géntarql:ﬁq’riogﬁ]&eoia ‘“%8{:8%@%‘ cgpmepfial d%ﬁt‘fl?egrr?fr@fn 0.5%
of a conmer giad)id Bt avNashetd OB)HBHCUb&RSIY Rém, oMEdBbatcayiceDEdse] OThe
viscosity form of carboxynethyl cellulose. The resulting Test solution

(Sol uti orp #4ejuitiipabisesalytiaax@plsfientit tn Tide 45 pxhibited a3iscopynefi HhoFEEROICFhe
activity agaj.nst..t.hree. ke I ' . | ed in
2 seri o of TRarutl) B Er HaRRnCle b Tl BbaGPh Al Eheen Bt O 0t
HPMC i nst eadn@éasthg5dnEGatidisenf TePst inswillwiton® noresihing i0t26e FAMQ hnskopd lof 6196

activity against .S. rcescens .t.han.the c ari son sol ution havin

slightly hi g‘h@% (Tﬁ'ﬁtllg?} P i ‘tegé{}%fr‘%&?g%gﬁf“(%?%amfhg HRe B a1 so
neets the stRpgaddcan@ntivh hevihd aalighth HKee e Rbhpdrhlle) Biel GPCPCTHS). TERE and
Control solutions only differ in the derrul_cent.identité (Cglg¥s HFNC) and
concent r # i ofpsiofolepe, dlsthweatpthe| Eapeialqng Cf‘F?é‘a%Q‘fs FrenTRBen PECRE-abice B by
the CPC | evelg C&n%?'slurdtii%ﬁ'ss 0#12 AR #P the Wilth Bechh &ieRtity2lrauSvd. agPM€fusd i on i's

| ower for the Test solution than for the bracketing concentrations of CPC
control sol uohomgatiarhofSCR{S GFleeCRSE leivellin Biet Testsobition istirgdketpd &y d1ed HC lerils
organismis .nqt, prohibiti h rese l.catl aiRel ative
ant i or obi at POt £ bt 5 Wl ES) BPFRCE BRI R er FR kT st

conbi nati on i for everiékeaes tdnyenGRbrisof £PSerones sofutiong tieadegme afontienor at i ons

of CPC in conbination with HPMCWhat i s %I.ai r}ed' .
15 of activity against this organism is not prohibitive tor the present applications.

Table 4: Relative antimicrobial activity of a Test solution (#4) containing CPC in
combination with low-viscosity CPC in a series of increasing concentrations of CPC in

20 combination with HPMC

Solutlo.n #/ 1 o 3 a 5
Ingredient
NaCl (%) 0.55 0.55 0.55 0.55 0.55
KCl (%) 0.14 0.14 0.14 0.14 0.14
PF-87 (%) 0.05 0.05 0.05 0.55 0.55
Taurine (%) 0.05 0.05 0.05 0.05 0.05
PEG-400 (%) 0.10 0.10 0.10 0.10 0.10
Sorbito! (%) 0.20 0.20 0.20 0.20 0.20
Boric Acid (%) 0.10 0.10 0.10 0.10 0.10
EDTA (%) 0.01 0.01 0.01 0.01 0.01
HPMC (%) 0.20 0.20 0.20 0 0.20
CMC (Low-Vis) (%) 0 0 0 0.50 0.00
CPC (ppm) 0.595 0.809 1.03 1.25 1.35
Organism Log drop @ 6 hours
S. marcescens 13880 0.81 1.68 2.34 3.40 3.24
S. aureus 6538 0.47 2.51 5.10 3.59 5.18
F. solani 36031 0.98 1.36 1.66 1.92 2.22.
Sum 2.26 5.55 9.10 8.91 10.64
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1. An ophthal m c conposition conprising an anionic polynmer and a nononeric
or dinmeric cationic antimcrobial agent. 2. The ophthalmc conposition as
in clai mio 2varsgion the anionic polymer is selected fromwcrhs@so0us27

consi sting of carboxynethyl cel lul ose, hyaluronic acid, hyaluronate, and

m xtures thereof. 3. The ophthalmc conposition as in claim1l, wherein the
anionic polyner is present in an anount ranging from about 0.001 to about
1% w v. 4. The ophthal mc conposition as in claim1, wherein the anionic
pol ymer is p¥eadsglaimedian ampunt ranging from about 0.002 to about 2 % w v.

5. The ophthal m o i , rRivhe bieicpP! ymer
has a nol eClI}I' ar \%é]%gﬁ%mg#lé #@%bnc’? glg%ﬂl?tn%%%h%}&% a’? *gﬂgggmﬂlezm%%??w%ﬁ)o%s. 6.
The ?)pht _hgl mc CdWF@SiCiltiQmIi‘P agimigrolgdlagentl, wherein the antim crobial agent
cetyl pyridinjum oride.. 7. The.ophthal.m Lt inoclaiml,

wher ei n theryanti ¢ PRI SGERE Sltllog af)ﬁnegléﬁ Ei\ﬁ]%gggrpgl%ﬁgﬁc ?gl%]lél?rnlg fr om about
0.2 ppm t50 about s@&tgafom the gfhp copistihgbftacbaxgnpthgictlivbrse dyalurong agidm 1,
further includi ng a buffer in an anount ranging from about 0.01 to about
2.5 %wv. 9. ThBYBPAAGRA BUEBEDIEPeh on as in claim 1, further including a

tonicity agent i ppaPomidRicohPBhidiths i ORnAbOkerdn 80 dnibfic pBI9HEr id phesdit W V.
10. The ophthalmc conposition as in claim1, further including a denulcent
in an anount rangi agpniquohraagiosfron abmt 0P0akpEoutl BX¥y. 11. The ophthal mic

conposition as i i ; i b i > ! ol anount
ranging fr orr41€j'1 abo:JT%1 gé&g@i&%co&g@g%?gnoés grgélg/b%wy \g/lV &i‘%ml?ﬁgb@g ﬁtaiggﬁﬁsg Feschf
conposi ticon as i im @l aiaunisangiog fromrbiu 6100ditmepoat ¥ swsi ty nodi fyi ng agent in

oD arount 9L SR A0 ol G EARHLL R0 e o BB, RPRRAY
molecular weight of from about 70,000 to about 4 million Daltons.
6. The ophthalmic composition as in claim 1, wherein the antimicrobial agent
cetylpyridinium chloride.
15 7 The ophthalmic composition as in claim 1, wherein the antimicrobial agent is
present in an amount ranging from about 0.2 ppm to about 20 ppm.
8. The ophthalmic composition as in claim 1, further including a buffer in an amount
ranging from about 0.01 to about 2.5 % w/v.
9. The ophthalmic composition as in claim 1, further including a tonicity agent in an
20 amount ranging from about 0.001 to about 2.5 % w/v.
10.  The ophthalmic composition as in claim I, further including a demulcent in an
amount ranging from about 0.05 to about 1 % w/v.
11.  The ophthalmic composition as in claim 1, further including a chelating agent in
an amount ranging from about 0.001 to about 0.01 % w/v.
25 12.  The ophthalmic composition as in claim 1, further including a viscosity modifying

agent in an amount ranging from about 0.01 to about 5 % w/v.

13.  An ophthalmic composition, wherein the solution comprises:
from about 0.001% to about 1% w/v hyaluronic acid,
30 from about 0.2 to 20 ppm of a monomeric or dimeric cationic antimicrobial agent,

and

a buffer.
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from about 0.001%to about 1% w v hyaluronic acid, fromabout 0.2 to 20 ppm
of a nononeric or dineric cationic antimcrobial agent, and a buffer. 14.

The opht hwbrves/semposi tion as in claim 13, wherein the rgaluscasiososati c

nol ecul ar wei ght of from about 70,000 to about 4 mllion Daltons. 15. The
opht hal m ¢ conposition as in claim13, wherein the antim crobial agent

cetyl pyridiniumchloride. 16. The ophthal m c conposition as in claim13,
wherein the nt| cr gent e tial il ng from about
0.2 ppmto outﬁfo I%B‘ ﬁmi SldO% E[ éeﬁ&nlg ‘23%%8& ti ofrlllmg]gcrhfqlr% claim13,
further i ncI udi n@o&cﬁmm&gh&yfﬁg[araboutﬁo,am @mbouttd makig Dajjtoﬁsr om about 0.001 to
about 2.5 %vv/v 18. The ophthalmc co r%) si3tign as, in cl m113é further

i ncluding a B‘enuFEf’e?ﬁhthiaW“&ﬁoraﬂ‘ﬁU’r?P a8 FHgiRg 3 ¥ ?ﬁe‘%l&%ﬂ“ﬁmﬁ%bl% 8edBout 1 %
wv. 19. The ophgggﬁ{))mdgmg@mgﬁagl on as in claim113, further including a

chel ating agent in an anount ranging from about 0.001 to about 0.01 % w v.
20. The bdphthal nfke mbtfpb@pp@r@ppsa@maﬁHbql%lmnlx318herﬁmrtbm¥mi‘%%hl dBH s
viscosity nodifyj @?Mﬁ f m.0.01 to about 5 %
wv. 21. An opht%ﬁg?ertﬁ?%%g%mog%tf}%o g‘?d’eﬁ?gb rgtégmuu??gn corrprl ses: from
about 0.001%t 0 @hoophthhhiekympaysiticmras ivi daiscli3dfurthenineladiogia todicRy egenp® ppm

cetyl pyridiniumchloride, T. ht hal m ¢ conposition as
in claim 21, V\he?ré?‘ﬂo‘{nh@nmégﬁpoaﬁo%t O:(%()Iléo?z})outgg qoﬁlecul ar wei ght of from
about 70, 00Qgt 0 FhoshttAInt kbinpdkitidal & @daim 13, further including a demulcent in an

10 amount ranging from about 0.05 to about 1 % w/v.
19. The ophthalmic composition as in claim 13, further including a chelating agent in
an amount ranging from about 0.001 to about 0.01 % w/v.
20. The ophthalmic composition as in claim 13, further including a viscosity

modifying agent in an amount ranging from about 0.01 to about 5 % w/v.

15
21.  An ophthalmic composition, wherein the solution comprises:
from about 0.001% to about 1% w/v hyaluronic acid,
from about 0.2 to 20 ppm cetylpyridinium chloride, and
a buffer.
20 22.  The ophthalmic composition as in claim 21, wherein the hyaluronic acid has a

molecular weight of from about 70,000 to about 4 million Daltons.
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