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hydrophilic contact lenses and to be ophthalmologically safe for in-the-eye use in a
contact-lens solution.

Background of the Invention

During wear, contact lenses are susceptible to the accumulation of proteinaceous
materials that may adhere to the surface of the lens. Proteinaceous materials include, for
example, lysozyme, lactoferrin, albumin, and mucoproteins, all constituents of lachrimal
tears. Contact lenses that are repeatedly worn over an extended period of time must be
cleaned to remove these materials as part of a routine care regimen.

Particularly if contact lenses are not properly cleaned, lysozyme, mucoproteins,
and the like can accumulate on the lenses and may lead to the lens wearer experiencing
discomfort or a loss of visual acuity. The presence of proteinaceous deposits on the lens
may also decrease gas permeability of the lenses or adversely affect the spectral
characteristics of the lenses. Finally, proteinaceous deposits may interfere with the
efficient sterilization of contact lenses.

Daily cleaning and/or disinfecting compositions or techniques now in predominant
use on contact lenses do not prevent the accumulation of protein deposits over an
extended period of time. In fact, one method of disinfecting, heat sterilization, may
aggravate the problem by denaturing and precipitating proteinaceous materials onto the
lens. Consequently, special cleaning compositions and techniques are in widespread use
for removing the accumulation of protein deposits that cannot be adequately prevented by
daily cleaning.

Accordingly, the cleaning of contact lenses is conventionally accomplished with
one or both of two general classes of cleaners. Surfactant cleaners, generally known as
“daily cleaners” because of their recommended daily use, are effective for the removal of
most carbohydrate and lipid-derived matter. However, such cleaners are not as effective
for removal of proteinaceous matter such as lysozyme. Typically, proteolytic enzymes
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between the forefinger and palm) during daily cleaning of contact lenses. This is usually
required or recommended to retard the build-up of protein deposits that will eventually
require an enzyme cleaner or other special cleaner for removing protein deposits.
Special cleaners and procedures for removing or degrading proteins are clearly an
extra burden for contact-lens wearers, and the necessity for frequent “rubbing and
cleaning” of contact lenses add to the time and effort involved in the daily care of contact
lenses. Many contact lens wearers do not like the burden of having to perform a daily
“rubbing and cleaning” regimen. Some wearers may even be negligent in the proper
“rubbing and cleaning” regimen, which may result in contact-lens discomfort and other
problems.

The deposition of proteinaceous materials can also cause adverse affects or limit
the life of so-called planned replacement lenses (PRL) and disposable lenses that are
designed to be used without enzyme cleaners and then discarded after a limited period of
time. The build up of proteinaceous deposits may cause contact lens spoilage.

Another approach to solving the problem of protein deposits has been to try to
prevent proteins from adhering to the contact lens surface in the first place. For example,
US Patent No. 4,168,112 to Eliis discloses contact-lens solutions containing cationic
polymers which are said to form a coating of a hydrophilic polyelectrolytic complex on
the lens surface. This complex is alleged to act as a hydrogel “cushion” to increase the
wettability and comfort of the lens. This complex is also said to increase the hydrophilic
character of the lens and also reduce the tendency for mucoproteins to adhere to the lens
surface. The examples in the patent are directed to rigid gas permeable (RGP) lenses.
The patent discloses the use of polyquaternium polymers and copolymers generally, and
exemplifies the immersion of a hard contact lens in a 0.1 solution of polyvinylbenzyl
trimethyl ammonium chloride followed by a thorough rinse with distilled water.
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rejuvenating lenses by removing adsorbed and occluded chemical and biological agents,
particularly antimicrobial agents adsorbed from a disinfecting solution. The patent

. discloses the use of strongly basic anionic exchange resins having quaternary-ammonium
exchange groups. After the rejuvenation procedure, the lenses may be treated with water
or a cleaning and/or preserving solution to remove any residual rejuvenation solution.

Clearly, it would be desirable to be able to effectively prevent or inhibit deposition

of proteins on the surface of contact lenses. It would be especially desirable to eliminate
or minimize the need for special cleaning compositions or techniques to remove protein
deposits from contact lenses. Finally, it would be highly desirable to eliminate or reduce
the need for so-called “rubbing and cleaning.” Preventing the deposition of proteinaceous
materials on contact lenses in the first place would not enly solve the above-mentioned
problems associated with the accumulation of protein deposits, but would result in lens
care becoming significantly more user-friendly and convenient. These are important
attributes for many or most wearers of contact lenses.
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invention comprise moderately charged polyquaternium polymers that selectively bind to

hydrophilic contact lenses to block the binding of proteinaceous materials. In one

embodiment of the invention, the composition comprises a polyquaternium copolymer

that comprises a limited mole percent of net quaternary-amine-functional repeat units.

Another aspect of the invention is directed to a method of inhibiting the
accumulation of protein deposits on hydrophilic contact lenses. The method comprises
the steps of placing the contact lens in a solution comprising a moderately charged
polyquaternium polymer that inhibits the uptake of protein. The lens is immersed (soaked
or rinsed) in the solution having the polyquaternium polymer for a period of time
sufficient to inhibit the formation of protein deposits on the lens.

In yet another aspect of the invention, the accumulation of protein deposits on
hydrophilic lenses is prevented or inhibited by wearing contact lenses that have been
conditioned by immersing the contact lens in a solution comprising a polyquaternium
polymer such that the presence of the polyquaternium polymer absorbed onto the contact
lens while in-the-eye inhibits the uptake and accumulation of proteinacious material and
other ionic debris onto the contact lens. A contact-lens solution containing such a
polyquaternium polymer can also be applied in the form of droplets while a contact lens is
in the eye. The foregoing and other objects, features, and advantages of the various
embodiments of the present invention will become more readily apparent from the
following detailed description.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to the use of various moderately charged
polyquaternium copolymers as in-the-eye and/or out-of-eye inhibitors of protein deposits
on hydrophilic soft contact lenses. While the present invention can be used in connection
with a variety of soft lenses, it is especially useful with respect to hydrophilic lenses made
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and vifilcon A. Materials containing methacrylic acid monomers include methafilcon B,

ocufilcon D, methafilcon A, and etafiicon A (USAN and the USAP Dictionary of Drug

Names). Lenses made from the foregoing materials are commercially available from a

variety of sources. Such lenses include daily-wear lenses, extended-wear lenses, planned-

replacement lenses, and disposable lenses.

The invention comprises the use of a contact-lens solution for preventing the
formation of protein deposits on a contact lens which contact-lens solution is an aqueous
solution comprising an effective amount of at least one moderately charged
polyquaternium polymer that binds to the lens to inhibit protein binding. By the term

- “moderately charged polyquaternium polymer” as used herein is meant that the polymer
comprise not more than about 45 mole percent net quaternary-amine-functional repeat
units, wherein the mole percent net quaternary-amine-functional repeat units are the mole
percent of quaternary-amine-functional (positively charged) repeat units minus the mole
percent of anionic (negatively charged) repeat units in the polymer. Preferably, the mole
percent net polyquaternium repeat units is between about 10% and 45%, more preferably
between about 20% and 40%, most preferably between about 25% and 35%. For
example, if the polymer comprises 50 mole percent of a quaternary-amine-functional
repeat unit derived from dimethyldiallyl ammonium chloride, 25 mole percent of an
anionic repeat unit derived from carboxylic acid, and 25% of a neutral repeat unit derived
from methyl methacrylate (or an substantially neutral repeat unit derived from
hydroxyethyl methacrylate), then the mole percent net quaternary-amine-functional repeat
units would be 25% (50% quaternary-amine-functional repeat units minus 25% anionic
repeat units). By the term “quaternary-amine-functional repeat unit” is herein meant that
the repeat unit comprises a quaternary-amine group in which a positively charged nitrogen
atom is covalently bonded to four radicals (no hydrogen atoms) and ionically bonded to a
negatively charged counterion such as chioride.
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Quaternary-amine-functional repeat units can also be made from other polymers, such as

by the reaction of a trimethyl amonium substituted epoxide with the hydroxy group of a

hydroxyethylcellulose. Suitable quaternary-amine-functional repeat units also include

those found in polymeric ionenes and the like formed by a polycondensation reaction; in

such repeat units, the nitrogens of the quaternary-amines are integral to the polymeric

backbone and are situated between alkylene, oxyalkylene, or other segments.

In a preferred embodiment, the nitrogens in the quaternary-amine-functional

repeat units is part of a saturated or unsaturated heterocyclic ring, most preferably a five-

or six-membered ring. Most preferably, the polyquaternium polymer is a copolymer of a

vinylimidazolium salt or a dimethyldiallyl ammonium salt. Up to 90%, preferably 40% to

90% by mole, of copolymerization-compatible comonomers not having a quaternary-

amine-functionality may be copolymerized with the quaternary-amine-functional

comonomers. Suitable comonomers include, but are not limited to, vinylpyrrolidone,

acrylic acid, alkyl methacryate, amides and amines such as acrylamide and N,N-

dialkylaminoalkyl acrylate and methacrylate, hydroxyethyicellulose and copolymerization-

compatible mixtures thereof. A preferred alkyl group has 1 to 6 carbon atoms. Most

preferably, alkyl groups are methyl, ethyl, and/or butyl.

Polyquaternium polymers as thus defined are a well known class of polymers,
many variations of which are commercially available. For example, a current CTFA
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continuous commercial development.
A particularly preferred polyquaternium copolymer is Luviquat® FC 370 polymer
(CTFA Interpational Cosmetic Ingredient Dictionary designation polyquaternium-16
commercially available from BASF, Ludwigshafen, Germany) which is the polymerization
product of a mixture of comonomers of which 70% is vinylpyrrolidone and 30% is
vinylimidazolium methochloride, commercially available as a composition with a solids
content of about 40% by weight in water.
The polyquaternium copolymer is suitably present in an amount of 0.01 to 5.0
percent by weight in aqueous solution, preferably between 0.01 (100 ppm) and 1.0
percent by weight, most preferably between 200 ppm and 600 ppm. The contact-lens
solution comprises 85 to 99% by weight, preferably 93 to 99% by weight, water.
The polyquaternium polymer suitably includes an ophthalmologically suitable
anionic organic or inorganic counterion. A preferred counterion is chloride.
Typically, the polyquaternium polymer used in a solution according to the present
invention does not increase the hydrophilic character of a lens, which means that there is
no increase in the water content of the lens following treatment with the solution. The
water content of a lens can be determined based on a measurement of its refractive index.
In another aspect of the present invention, selected polyquaternium polymers
simultaneously satisfy the dual requirements of both (i) meeting ophthalmological safety
standards for an in-the-eye contact-lens solution at concentrations of 1000 ppm and (i)
inhibiting protein binding to a contact lens. The safety requirements can be determined
according to the so-called NRDR (neutral red dye release) assay for cytotoxicity
described in the Examples. In particular, the polyquaternium polymer should have an
NRDR assay rating of L or less at a level of 1000 ppm., preferably L or less at a level of
500 ppm (dry weight of polymer, correcting for water content of the available polymer
material). The requirement for exhibiting protein-binding inhibition can be determined, at
least as an initial criterion, using a test carried out as described in the Example to obtain
what is herein referred to as the “SPE protein-binding inhibition.” This test utilizes a
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and pl anned-repl acenent | enses. Such materials include, but are not limted
to,"bufilcon A etafilcon A nethafilcon A ocufilcon C, perfilcon A,
phenfilcon A and vifilcon A Mterials containing nethacrylic acid
nmononers i nclude methafilcon B,con D, nethafilcon A and etafilcon A
(USAN and the USAP Dictionary [ TNEReS enses made fromthe

f or egoi ng mateRPM3EBar e commer SEA| €N TPm a vari ePgTsYMaMmICes.
Such | enses include daily-wear==enseS ™ ear | enses, planned-

repl acenent | enses, and di sposabl e | enses: { The invention conprises
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sol uti on conpPiGY seftridge Rare#WATO20855usnmmgrcially dvailable foome Watete Catpal Milfordar ged
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y the term"g - emi,um pol vner" as.used herein is
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quat ernary- a - i ona os)tively charged), repeat units m nus the
nol e percent r%?’ r#gﬁ Nia %é'géﬁfr £§1 v 4\'&"6@8‘}'&’ b%’&ff'gﬂﬁ pampaged 192 OB e
Preferably, tsolitign| In onerembadiment ofithe ipvention rarsuitahle pppmatemirn polymebedhibiten 10%
ang gggﬁ; or Eatlwaﬁtfl;ﬂ%lbi_’? pitaﬂémmfing@.%ﬁm. 4B¢eer. Oihelﬁslrﬁ ﬁb&h:l-&i?&l ween 25%
an 6 For , , e nmer co s no ercent_ol_ a

quat er nary- anﬁﬁ]ﬁ@% ?J{r%]’c?f !egﬁ §p°‘f‘2§éa{“°&?ﬁ”€gg‘@lyi‘§ EGSWB%:; Vivanost praferablnat

anmoni um chi o‘F#s&IEl{O“Q%S%mI e percent of an anionic repeat unit derived from
car onyl c ac d, aﬁdncﬂg%aﬁﬁetcﬁoﬂlﬂélb{eﬁént rne.lsmh ﬁadetnaélﬁirs Y ied &gﬁg}fd?@ﬁhmél

met hacryl at e n stanti.a neutral repeaf unif. derived from

hydr oxyet hyl ér?glgaﬁgg?s%%ﬁeé’f evc?tﬁé ﬁXd[ ‘H@gm%a aﬂ@&ﬁ‘é*ﬁ"“??é’?‘“g'

quat er nar y- ani ne- f(@hct itisating the pentact lens with anadugousssolivn c&i0ptising a |
quaternary- am ne- funct ip@l?@ﬁatérﬁifﬂﬁﬁdorbﬂhbﬁcdﬁﬁdﬁ%35&%1?9&&@5‘% by RS unit t tS)h t
y the term "quaternary- -fupcti@nal. repeat uni i s herein mean a
the repeat unit conpri i‘é@dué&g'ﬁgtlé'ﬁws‘?‘gﬂ dﬂ?‘ﬁg“%’}&ﬂ‘ﬁs’i‘ﬂdv\m ch a positively
charged nitrogen dbbm idireetdnstallation of thestmested contagtdens in theieyed of theno hydr ogen
atons) and ionically berdrd to a negatively charged counterion such as
chloride.

Typically, step (2) may involve immersing the contact l_egs in the solution. Such
immersing may comprise soaking and/or rinsing with a steady stream of the solution.
Soaking may optionally comprise shaking or agitation. Preferably, step (a) involves a

" period of soaking the contact lens in a container wherein the contact lens is immersed in
the solution. By the term “direct installation” is herein meant that the solution is not
diluted or rinsed off the lens with a different contact-lens solution prior to insertion or
installation in the eye.

In a particularly preferred embodiment, the method of cleaning contact lens uses a
no-rub multipurpose solution without the use of an enzyme, wherein rubbing of the
contact lens is neither recommended nor required. In this embodiment, the cleaning and
disinfecting consists essentially of treating the contact lens with an aqueous solution
comprising a polyquaternium polymer comprising about 10 to 45% by mole of net
quaternary-amine functional repeat units, and then inserting the treated contact lens in the
eyes of the wearer.

The present invention is also useful for packaging and storing a contact lens, the
method comprising packaging a contact lens immersed in an aqueous contact-lens
solution, wherein the contact-lens solution contains a polyquaternium polymer comprising
about 10 to 45% by mole of net quaternary-amine-functional repeat units. Said method
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The pol yquat er ni um pol ynmers of the present invention suitably have a weight
average nol ecul ar weight Merr] of about 5,000 to 5,000,000, preferably
about 10,000 to 500, 000, nost preferably about 20,000 to 200, 000.

The pol yquat er ni um pol yners usef ul in the pr esent i nvention may include,

but are not Iimted to, copol aternary- amnefunnalonal
repeat units aV@9¥d¥%ed from nEAISSHEST d 145t BEFN Pol | owi ng kiFfd&U87

nononers: N, N-di met hyl - N-et hyl {_am nBERKYFERcryl at e and net hacryl at e,

2- met hacryl oxyet hyl tri met hyl ammonium N (13-

”En;{\ ﬁ >C/ Ir y |:La\r/n| g; Ha§ E&h}né@’l%ﬂ’ﬂnﬁ I REEdoMaCAIRATIA k' Huedns/dontdet-RA¢sokution prior to

N: (3-acryl am dg liye ﬁbtPaéq T}\ﬁmeflwﬁfrﬁf’ directly follomine-manyfactits ofthe soniagt fens.
acryl oxy- 2- hy dAdtesnatelyp the)patkaiinitand stmmlthapmmunimbndnakdlqtim ofithepresenthoni um
di al L.yl di et hy| gy gm(iaeb.%% mbdiind yav wﬁ\gﬁotm@mmmlcmgﬁepr

other salt for Ivatives exa L NV
substitution, g‘gfﬂ'?'? W‘F%WB‘%‘%I?“‘B’F WSP‘UF’(S‘BBQ ’H‘g\}‘fthﬁﬁ"“l to

6 carbon at ons theGlrptentach leps #rhiydwatedfoy iromexsing ithercoptactt lensrin the contactaliensosofyution.
obtained as a rc%ﬂb‘éqhé}ﬁl al Eﬂlﬂge fodéh %a@ﬁ%ﬁ&n&ﬂﬁy c&ﬂ‘:ﬁk@% seﬁéd Edtaiserampl e,

by the use of a stron “3]‘ t .suc hl or o- liutene
whi ch, for exaﬁB‘Fté“““é he B P@dE‘P 1agt TW’B‘F@F’G‘?‘W&“@PWF}B’F&% Pt ene and
tri et hanol ani neaolustion) mheireiethe.cqnacy teas salutjipnl comprises @ palyyuatermniomi copolymepound.

Quat er nary- am %Smblgﬁx?é[ eﬂ?‘io 103 by Ho?n&ggatﬁﬂnﬁﬁ ﬂﬁn&ﬁﬂ&:&%@ﬁ%ﬂ@{

pol yners, such as reaction 0 anoni um su
epoxide with the hy Fmeg,frgg;pobwpa ementally to, unmersmga contact lens in a contact-lens

solution according to the present invention while the contact lens is outside the eye, the
accumulation of proteins on hydrophilic contact lens can be further prevented by applying
such a solution as eye drops. Thus, a ophthalmologically safe solution comprising a
polyquaternium copolymer having about 10 to 45% by mole of net quaternary-amine
functional repeat units can be packaged in a container adapted for applying the solution as
drops to the eye.

The disinfecting solutions used with this invention will contain a disinfecting
amount of one or more antimicrobial agents which are compatible. As used herein,
antimicrobial agents are defined as organic chemicals which derive their antimicrobial
activity through a chemical or physiochemical interaction with the microbial organisms.
Suitable antimicrobial agents are polymeric quaternary ammonium salts used in
ophthalmic applications such as poly[(dimethyliminio)-2-butene-1,4-diyl chloride], [a-
tris(2-hydroxyethyl) ammonio}-2-butenyl-o-[tris(2-hydroxyethyl)ammonio}dichloride
(chemical registry number 75345-27-6) generally available as polyquaterniuml from
ONYX Corporation, benzalkonium halides, and biguanides such as salts of alexidine,
alexidine free base, salts of chlorhexidine, hexamethylene biguanides and their polymers.
The antimicrobial agents used herein are preferably employed in the absence of mercury-
containing compounds such as thimerosal. The salts of alexidine and chlorhexidine can be
either organic or inorganic and are typically gluconates, nitrates, acetates, phosphates,
sulphates, halides and the like. Preferred antimicrobal agents are the polymeric quaternary
ammonium salts used in ophthalmic applications and the biguanides. More preferred are
the biguanides and hexamethylene biguanides (commercially available from Zeneca,
Wilmington, DE), their polymers and water-soluble salts being most preferred. Generally,
the hexamethyiene biguanide polymers, also referred to as polyaminopropyl biguanide
(PAPB), have molecular weights of up to about 100,000. Such compounds are known
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deﬂr{eé)? 3l%%ically, such agents are present in concentrations ranging from about
0.00001 to about 0.5% (w/v), and more preferably, from about 0.00003 to about 0.5%
(wiv).

Compositions of the present invention, in addition to the active ingredients
described above, may contain buffers, various cleaners, stabilizers, isotonic agents and the
like which aid in making ophthalmic compositions more comfortable to the user. The
aqueous solutions of the present invention are typically adjusted with tonicity agents to
approximate the osmotic pressure of normal lacrimal fluids which is equivalent to a 0.9%
solution of sodium chloride or 2.5% of glycerol solution. The solutions are made
substantially isotonic with physiological saline used alone or in combination, otherwise if
simply blended with sterile water and made hypotonic or made hypertonic the lenses will
lose their desirable optical parameters. Correspondingly, excess saline may result in the
formation of a hypertonic solution which will cause stinging and eye irritation. An
Osmolality of about 225 to 400 mOsm/kg is preferred.

The solutions of the present invention may be formulated into specific contact lens
care products, such as wetting solutions, soaking solutions, cleaning and conditioning
solutions, as well as multipurpose type of lens-care solutions, etc. and mixtures thereof.

When used in a cleaner, neutral or non-ionic surfactants may impart additional
cleaning and conditioning properties and are usually present in amounts up to 15 weight
percent. The surfactant should be soluble in the lens care solution, non-irritating to eye
tissues and usually have a hydrophilic-lipophile balance (HLB) of 12.4 to 18.8.
Satisfactory non-ionic surfactants include polyethylene glycol esters of fatty acids, e.g.
coconut, polysorbate, polyoxyethylene or polyoxypropylene ethers of higher alkanes (Ci,-
Cis). Examples of the preferred class include polysorbate 20 (available from ICI
Americas Inc., Wilmington, DE 19897 under the trademark Tween 20), polyoxyethylene
(23) lauryl ether (Brij® 35), polyoxyethylene (40) stearate (Myry® 52), polyoxyethylene
(25) propylene glycol stearate (Atlas® G 2612). Brij® 35, Myn® 52 and Atlas® G 2612
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I nternational Cosnetic Ingredient Dictionary includes polyquaterniuns
desi gnat ed Pol yquaternium 1 t hrough Pol yquat erni um 44 a nunber of which
based on the present teachings, are useful in the present invention. The
pol yneri zati on techniques for the preparation of. such materials are

simlarly well to those skilled in the art and many variatl f-
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present i nventddeRnad®PhirsRd® | Nncrease the hydrophilic character of a |ens,
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cushioning impact against the eye. Included among the water-soluble viscosity builders

are the cellulose polymers like hydroxyethyl or hydroxypropyl cellulose, and the like.

Such viscosity builders may be employed in amounts ranging from about 0.01 to about

4.0 weight percent or less.

In addition to the active ingredients previously described, tonicity agents, buffers
and sequestering agents may be optionally employed. In this regard, added materials must
be non-toxic and must not distort the lens.
In order to maintain the pH of the cleaning and conditioning solutions within the

range of 3.0 to 9.0, preferably 5.0 to 8.0, more preferably about 6.0 to 8.0, most

preferably about 6.5 to 7.8, suitable buffers may be added, such as boric acid, sodium

borate, potassium citrate, citric acid, sodium bicarbonate, TRIS, and various mixed

phosphate buffers (including combinations of Na,HPO,, NaH,PO, and KH,PO,) and

mixtures thereof. Borate buffers are preferred. Generally, buffers will be used in amounts

ranging from about 0.05 to 2.5 percent (w/v), and preferably, from 0.1 to 1.5 percent

(whv).
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described in the Exanples. In particular, the pol yquaternium polynmer should
havée an NRDR assay rating-of L or less at a | evel of 1000 ppm, preferably
L or less at a level of 500 ppm (dry wei ght of polymer, correcting for

wat er content of the avail able W The requirement for
exhi bi ting protein-binding inhi |TH190ﬁHE§T1H6§ nmined, at |east as an
initial critN9YMBRsing a test carrli’&?lé\?tEDas cribed i nPEHESENZOP! e to

obtain what is herein referred—to as the "SPE protein-binding inhibition.'
This test utilizes a -7-
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h b t ed
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conpri si ng: sixteen hours, preferably five minutes to 4 hours, The lenses are then removed from the

solution, rinsed with a preserved isotonic saline solution and then replaced on the eyes.

The cleaning and rinsing solution may be the same when, for example, the cleaning
solution is a multipurpose formulation, for example, that contains limited amounts of a
surfactant in accordance with commonly assigned US Patent No. 4,820,352, hereby
incorporated by reference in its entirety. In addition to the cold soaking method, the
solutions disclosed herein are adaptable for use in other types of equipment such as
ultrasonic cleaners. Furthermore, because the solutions are also stable when heated to
temperatures in the range of 80° to 90° C, they are also adaptable for use with high
temperature disinfecting methods. Typically, lenses are heated to 80° C in a disinfecting
unit containing cleaning and conditioning solutions for a time period of at least 10
minutes, removed and rinsed with isotonic saline.

In one embodiment of the present invention, a composition of the present
invention can be used with a planned replacement lens (PRL) that is planned for
replacement after a period of use between 1 and 4 weeks, for example, 2 weeks.
Preferably, the lens is made from a polymer comprising about 0.5 to 5 mole percent repeat
units derived from methacrylic acid (MAA), 10 to 99 mole percent of repeat units derived
from hydroxyethyl methacrylate, and about 0.5 to 5 mole percent of cross-linking repeat
units. Cross-linking repeat units may be derived, for example, from such monomers as
ethyleneglycol dimethacrylate, divinylbenzene, and trimethylpropane trimethacrylate. In
this embodiment, a composition according to the present composition can be used as a
multipurpose solution that eliminates the requirement for a supplemental protein cleaner.
Preferably, the composition can be used as a multipurpose solution that also eliminates the
requirement for any daily “rubbing and cleaning/rinsing” of the lenses.
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(a) treating the contact |ens with an aqueous sol ution conprising a
pol yquat er ni um copol ynmer conprising 10 to 45% by nol e of net

guat er nary-am ne-functi onal repeat_units-——and (b) di rect
installation of the treated colitfAqt dHEes HAS BEEN dyes of the

wear er . ' ly, stepl{(a) mmgpLA®EDVe inMpersing the contact |ens
in the soluti OW.E@ i mer si ng = ng and/ or AGTHVYORLh a

steady stream of the solution. Soaking may optionally conprise shaking or
agitation. Preferably, step (a) involves a period of soaking the contact

lens in a contai nerThdYell®wifig bpeeific eRpefifients ARE etatpleWemsRtraiethd Einpkitidhd ON-
By the term "dLnr,FC& I‘E‘Sﬂkgl‘ lation" is h%el n neant that, t he sol ﬂi{ I on 1S not
di luted or rinZgmeedsofhe prssent invention. However it is to bs undersiood that thesg | on prior
to insertion ofxampiesare far illysirative purposey enly and do notiparperipabe whollyddfipitive e gx r ed
enbodi nent, t heondRioA9shdxcopd. €ani ng contact | ens uses a no-rub nul tipurpose
solution wthout the use of an enzyne, wherein rubbing of the contact |ens
is neither recommended nor required. In this enbodi nent, the cleaning and
di sinfecting consists essentially of treating the contact |lens with an
aqueous sol uti EXPERIMENTRY a pol yquat er ni um pol ynmer conprising 10 to 45%
by nol e of net quat.g)é.sn@%rs‘?/*‘:é_i am'.ﬁe f uncti onal rgtPeat units,  and then
inserting the treat iept 1iustrates the; measyrement of theipgotgip-displacing effects of e
present i nvent vasious polyquaterniumipolymiers; Amaarigahe pulyquatkriim polymens testa, thet | ens,
the method conpélnmhien YadAGHEieGi oo th Condnomed tndk ?%ﬁ@pdlﬂnér’thé%ﬁ%ﬁ%

contact-lens solution, .wherein the, contact-lens soOlytion contains a.
pol yquat er ni unP '88??':% Pfﬁwpﬂf’nﬂ’%ﬁ' tF%mglg%lqué‘t ot the palymer. The following
quat er nar y- ami freeeningproasdure waspsedt Cartiidges weee usedredrtaioing solid-phase extraction
- 8- (SPE) resin, namely Sep-Pak® cartridges identified as Accell Plus® CM Cartridges, 3cc
in size, part no. WAT020855, available from Waters Corp., Milford, Mass. The material
used to pack the cartridge is a silica-based, hydrophilic, weak cation exchanger with large
pore size. The silica support is coated with a polymer having carboxymethyl groups. For
the purpose of measuring the inhibition of protein binding, the material used to pack the
cartridge has been found to be similar to Group III or IV lens material. The SPE
cartridges were first conditioned with 3 mL borate buffered saline (BBS) containing (by
wiv) 0.85% boric acid, 0.45% NaCl, 0.09% sodium borate, q.s. to 100% water, pH 7.2,
290 mOsm/kg. The SPE cartridges were then treated with 3 mL of test solutions
(typically 1% active in BBS). The various test solutions are listed in Table 2 below. The
SPE cartridges were subsequently rinsed with 3 mL of BBS and then treated with 3 mL -
of 0.05% lysozyme (3X crystallized hen lysozyme from Sigma Chemical Corp.) in
electrolyte solution, adjusting pH if necessary to 7.2 +/- 0.1 with HCl or NaOH. The
electrolyte solution contained (by w/v) 0.70% sodium chloride, 0.17% potassium
chloride, 0.22% sodium hicarbbnate, and 0.0005% calcium chloride dihydrate, dissolved
in approximately 90% volume of distilled water, adjusting to pH 7.2 +/- 0.1 using 1N HCI
or IN NaOH and bringing to volume with distilled water and mixing. Each solution was
introduced into a cartridge using a 5 mL disposable syringe employing a Varian™ Bond
Elute Syringe Adapter, part # 803227. After removing the syringe adapter, introducing
solution into the syringe, and replacing the plunger consistent pressure was used to force
the solution through the cartridge. Once the plunger reached the bottom of the syringe, it
was held down for approximately two seconds until the pressure equalized and the
solution was entirely eluted. If foaming occurred with any solution, the plunger was held
down until foaming stopped. The eluent was collected and the absorbance determined at

—_— -13-
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may conprise imersing the contact | ens in an aqueous contact-|ens sol ution
prior to delivery to the-custoner/wearer, directly follow ng nmanufacture of
the contact lens. Alternately, the packaging and storing in the

protein-inhibiting solution of the present inv —on may occur at an
I nternmedi ate point before deliv 'é@r\? custonmer (wearer) but
fol I owi ng maWE¥HIMBe and transp (i £ E&F‘A% lefls in a drgrEsELR01

wherein the dry contact lens is dra ng the contact lens in
the contact-Ilens solution. Consequently, a package for delivery to a

t d d
contact | gﬁﬁe@%feﬁtgﬁagﬁ"‘aﬁ B4 DY medibpbortimerts Shimton Mot tB "t e
contact | ens 160) theiamountcfyspzyms thathoundpeahecahinumitboless Yound, themore sing 10 to

45% by nol e qffetdle tﬁm&t%bmabﬂ) qmbiassoimsé hE3aemERP GRte déﬂadc%ed by (1) taking
Separately frag

cont act -1 ons Sopab RS VR RBS s 0t GV Mo sepsfneishibidbe § 000 ot act
| ens i s out siaytozetgingdfpecesspry va (2 rinsing @fid filling thecavatie Withd.@§%i | i c

gont act TIhens mayrbesdiuﬂohhﬁa réadin ﬂfet&éorb%ca&féw.ﬁl fheSHiaRinfimSinhibitibR Oalﬁé’t eye :

rops. Thus ut j risi uat er ni um

copgl yner havﬁn@f&‘ﬁ?@%%&aﬂ#&r Le WZ'{C{"’G%'& n@" %g Fﬂﬁfﬁﬁ‘gnal

repeat units elugntsifony shedey sartiidges Thnecamrented absdehanml férche @stisolntions were

fﬁ' ution as hbRfed by sﬁﬁlﬁcﬁﬂﬁtgeabsorbr?nce-r&‘i hirdlH ﬁzﬁcg chgho é@n%?ga&ﬂd wi th
is invention i Si u

anti ni cr obi al™ Hﬁ%wk—ﬁﬁfﬁh q% eé% 55!50 ragsoynt fop any wesidual; 4|

agents are dehnpledvhich maypbsorb at:mﬂtmc)all‘he m«:enhsmpmén-bhdmg inthitiition (% hrhi al

activity throyep spsmmg:ﬂh.b%mwsiame&lmcﬁln 'ﬂﬂ&ﬁ&k@fﬁsﬂb&&

m crobi al or énsms u]B ﬁ 1 |dm Q a# @egfye merj c qugternary

amoni um sal t'sc Gegg " é)' ?‘h?ﬂﬂ‘l’ﬁ@ éﬁ'ﬁﬁ'ﬂ’@%ﬁ % [fesylts are shown in the

pol y[ (di met hyfbllowing Fablelbut ene- 1, 4-diyl chloride], [[err]-

TABLE 1 _
Average % SPE
Trial Test Compounds* (1% in BBS) Binding Inhibition
1 Luviquat® FC 370 polyquaternium-16 (30% cationic) 48
2 Luviquat® 550 polyquaternium-16 (50% cationic) 36
3 Luviquat® 552 polyquaternium-16 (50% cationic) 34
4 Merquat® 280 polyquaternium-22 (80% cationic, 50
' 20% anionic)
S Merquat® 295 polyquaternium-22 38
6 Merquat® 2200 polymer 41
7 Luviquat® 905 polyquaternium-16 (90% cationic) 29
8 Merquat® 100 polyquaternium-6 (100% cationic) 31
9 Merquat® 3330 polyquaternium-39 (50% cationic, 25
25% anionic)
10 Merquat® 3331 polyquaternium-39 25
11 Quadrol Polyol tetrahydroxypropyl ethylene-diamine 8
12 ~ Ritaquat® 3000 polyquaternium-10 6
13 Ritaquat® 400KG polyquaternium-10 17
14 Polymer JR® polyquaternium-10 27
15 Gluquat®- 125 lauryl methyl gluceth-10 2
hydroxy-propyl dimonium chloride
—_— -14-
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tris(2-hydroxyethyl)

anmoni o] - 2-butenyl -[err]-[tris(2-hydroxyethyl)ammoni o] di chl oride (chem cal

regi stry nunber 75345-27-6) generally avail able as pol yquaterni um from

ONYX Cor por ati on, benzal koni um hal i des, and bi guani des such as salts of

al exi dine, alexidine free base, salts of chlorhexidine, hexamﬁt(p I ’

bi guani des anavqsf{’é‘?’?”pol ynmers. The antim crobial agents used? éﬂ"ﬁ?g@!e

preferably enployed in the absence of nercury- containing conpounds such as

thimerosal. The salts of al exidine and chl orhexi di ne can be either organic

or inorganic andéare ty@rodatel® QM comdihaium hydroxypaspyl acet at es }0phosphat es,

sul phates, halides and &Q@m | Khulodd €f erred antim crobal agents are the
(é@ﬂ;al

pol ymeric quarter- nary nium salts used in ophthal mc appl]jcations and
t he bi guani des. 1fbre prBAE 5?@“‘!’ng°ﬂf’@uani des and hexanet hyl ene
bi guani des (comi®8r ci al | BABWberzalkbsiurh beomideneca, W | m ngton, DB, their
pol ymers and watgr - sol uggﬁﬁﬁg&)m‘@& qpreferred. Generalgy, the
0 also re

YNer s

hexanet hyl ene bi_guani de erred to as pol yam ngpropyl
bi guani de (PAPB)Z,g have fBWAt® 008 polyguatemmm-/n t o about 100,088. Such
conpounds are ki2dwn Busan® 1507 polyquaternium-42 60- O-

and are disclosed i n USPélghan® HPEGH Y &dtopSpamine A disinfaeting anmount
of antim crobial agent g@ﬁgﬁ&?ﬁp}g%{e‘a}gﬁ% wll at least partially reduce

t he m croorgani sm popul Ul ati ons enpl oyed. Preferably, a
di si nfecting anm?dnt is OaGuat@hiddrpolyquatemimrtk t he nicrobial bdfden by a
certain nunber @4 | og oGdRUARMHS 00 polyqudeinfinp2eri od of time, 2¢dependi ng on
the particular m croorgani sm

*Luviquat® is a registered trademark of BASF Aktiengesellschaft, Ludwigshafen, Germany, Merqual® is
a registered trademark of Calgon Corp., Pittsburgh PA 15230, Ritaquat is a registered trademark of Rita
Corp., Gluquat® is a registered trademark of Amerchol Corp., Crodacel® is a registered trademark of
Croda Corp., BAK and BAB are commercially available from Sigma Corp., Quadrol Polyol® is
commercially available from BASF, Agequat® is a registered trademark of CPS Corp., Busan® is a
registered trademark of Buckman Corp., Polyquant® is a registered trademark of Henkel Scientific
Polymers Corp., and Gafquat® is a registered trademark of ISP Corp.

The results in Table 1 show that Luviquat® 370, Luviquat® 550, Merquat® 280,
Merquat® 2200 and other polymers showed greater than about 35% SPE protein-binding
inhibition. Most preferably, the binding inhibition of polyquaternium polymers used in the
present invention should exhibit, according to this screening test, an SPE protein-binding
inhibition of about 35% or above. For use in the present invention, however, the polymer
must also meet the requirement for ophthalmic safety (evidenced by the NRDR assay)
such that, at a concentration greater than 100 ppm, the polymer can be used in a contact-
lens solution intended for coating the lens when placed in the eye.

EXPERIMENT 2 -

This Example further illustrates the use of a composition according to the present
invention for inhibiting protein deposition on hydrophilic contact lenses. Various
polyquatemnium polymers were added to a ReNu® MPS base formulation (manufactured

- _ by Bausch & Lomb, Rochester, NY) and subjected to various cleaning cycles with Group
IV lenses (Acuvue manufactured by Johnson & Johnson, New Brunswick, NJ). In

-15-



I nvol ved. Most preferably, a disinfecting anmount is an anmount which wll
eltmnate the mcrobial burden on a contact |ens when used in reginmen for
t he reconmended soaking tine (FDA Chem cal Disinfection Efficacy Test -
July, 1985 Contact Lens Sol ution Draft Guidelines). Typically, such agents
are present in concentration i anBedoyt 0. 00001 to about 0.5%
(W v), and YR ¥43Bf erably, { r%ﬁgghﬁLA@ﬁ@OOOS o about 0.B&F 7201
Conpositions of the present ilexeptteor—iwF—addition to the active

i ngredi ents described above, may contain buffers, various cleaners,

stabil i tzer s,pah&eraﬁgmﬁecnl?ﬁfa%ﬂ% aﬁ?ﬂatb %xbésk&tdwur@T'h' bs &Jnéedtﬁﬁaﬁsll@f?ge opht Palt hm c
conposi tl ons I cO orta 0 e Sel,. e .a ous Ol ut.l.ons e
resent i nv@RbRBHeERE: SRR oy by Been lisermogaiiEpts, T atotendguton
appr oxi mat e was@reparedtby dissohgng 0.1% Iysozymne inethe electralytasolbtion describied ith i s

equi val ent _{Epaier 1o Ttating Wis BlrerD Al Rl difrice T LuRibpl pcer 0!

solution. The solutions .,aré made, sybstanti all onic, Wt hysi ol ogi cal
6l | ne. used DEPBHES S8PORISd S st FRlionlensts e Redu NS, FoRtfol et FTatbm ¢
steril e wat glepesitibnwasaletepmioedwsing aoninhydde tdial peoteio nssay ndaptddfosemtant lehses ose

their desirabtddingid fRfolRMify RétBoStor HRIVATRRAYreRhning €XCESS saline may
result in the forfmation of a hypertonic solution which will cause stinging

and eye irritation. An Osnolality of about 225 to 400 nOsm kg is preferred.
The sol uti ofJeaningtBvalugtiensent i nvention may be fornulated into specific

P ons Cond B sl Chpacibn s g
| ens-care sdIef W&,%#‘B&%ﬂ&f%&‘ %?‘E@qﬁﬁé’!ﬂ'\mam ﬁlnﬁy gﬁethg otg{ n a
cl eaner, nelReptilase Assay)i-Anghtical Diechemistapl8817d¥8:1733384,) walnlised tndetergiineani ng

%?gﬁ? ng; | QAR i @ loldhRoci hahll (UBHAL HonP {1 168Ls Jelhg YR eakig 0 15

noni 1t af 1 tipEE Gegeibed BRpwe ThR FrogSiier Mg SAYEMAIL SR | ALeT B o
bal ance ( HLBreated with aicleaping8ol8tiorGaadhdérmoras sybsequentlyait dnte gudrters andk the fowe | ude
o oy oy LS Sl RED o AR o i BAGEUelB 01
DOy B L SN Bt o A LSRR, o e 20
(avai | abl e findividuadbienspigcesghesein mere copiplareiyicovsred with the Bose soltien. Thedtubesadenar k
Tween 20), poér¥ exgﬁ_ea,[smcea\ﬁu& £ Bochéated Hehtirpi B)6dk (668Ut 1 0BT) forRPhioRifiraedly e ne
(40) stear atlfbu(’s, nd then2 )emoegd %8:%(1)(1% br?é/c!k(.a "Yhe tubes were allowed to cool to room

temperature (minimum 30 minutes, not to exceed four hours with lens pieces still in

solution) and a 15 uL aliquot of contact lens hydrolysate (hydrolyzed protein from the

lens) was removed from each tube, diluted in a 1 to 10 ratio (by volume) with 2.5N

sodium hydroxide and subsequently placed into individual disposable polystyrene culture

tubes. These culture tubes were subsequently sealed and the contents mixed. Glacial

acetic acid in the amount of 50 uL. was added to each tube to neutralize the sodium

hydroxide. Subsequently, 400 uL of a ninhydrin reagent (described below) was added to

each tube and mixed thoroughly. The tubes were then capped and heated in a water bath

(or heating block) at about 90°C for approximately 20 minutes. The tubes were

immediately transferred to an ice bath to cool for approximately 5 minutes. Upon

cooling, 1.0 mL of an equal volume solution of isopropyl alcohol and distilled water was

added to each tube. The mixture within the tubes was then thoroughly mixed and the

absorbance of each tube was measured at 570 nm on an ultraviolet spectrophotometer.

The amount of protein in each sample was calculated by comparing the
absorbance of each sample to that of a known phenylalanine standard curve. The
phenylalanine standard curve was prepared by using a working standard of 0.1 mg/mL

- ' -16-
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(25) propylene glycol stearate (Atlas G 2612). Brij 35, Myrj 52 and Atlas G
2612 -10- WO 97/ 43373

PCT/ US97/ 07201 are trademarks _of, and are commrercially available from

I Cl Anmericas Inc., WImngton,[ DE"TS . 5 One non-ionic surfactant

in particular ting of 2 Eﬁ%&?& BEEME) - pol y(oxye dduct
of ethyl ene dl’“z'i&mgﬂné ﬁavi ng a :' ‘%ﬂm about 7, 58‘8*){]% a ooat
27,000 wherein at |east 40 wei ght percent - d adduct is

poI y(oxyet hyl ene), has been found to be particularly advantageous for use
i N cl eani ng anghenyllshihe solutiof) ircHdisposiblé polgstyrentitaiure . ikppmmwtﬂuﬁamm about

0.01 to about &éepﬁugm :9@5&%?&&«:1;?&?15@%%& g Qﬁﬁﬁhe'ﬁﬁ Qﬂiﬂéy' S

adopt ed nane for | m ne act ants
are availabl e ﬂ%‘ﬁFB’ASPfW%Hb@‘F@W%M( E*L‘"YWF'&PE igtor2- Iﬂ ipmy pe
regi stered tr agdroxide and efirtiag it 'approRinately [winateseri es of surfactants is the

| |
Vel lan e from. EAYQYE“&?"%S‘*@ HEHP T §ﬂ’§%“é‘ﬁgw’ﬁﬁ¥'8‘{?%§%} S tigha P! Y TEr
tradenar k " Pl utighydgn and 0.1% stannmpag loride ingo ananpyapgateameuni-fmeghyh eslosolye
surfactants s ueetlghhegl&aﬂ iGifonethyl Etfer) EHa Il ymd S6% of thet6AINJIYME STHS inknire d,

0 view of the, 0G0l g el BleRDa irhd S ON SISO 3mPRLAL IR "

Emul sifiers, rrerlcan
added to bring the solution up to 100%. The citrate-acetate buffer was prepared by

dissolving about 28.6 mL of acetic acid and 21.0 g of citric acid in approximately 850 mL
of distilled water. The solution was then mixed and the pH was adjusted to about 5.0
with an appropriate base (e.g., 10N sodium hydroxide). The volume of the solution was
then brought up to approximately 1L with distilled water.

The cleaning results reported in Table 2 below are indicated as a percentage
improvement in protein inhibition as compared with a substantially identical cleaning
treatment utilizing only the ReNu® MPS control solution.

TABLE 2

In Vitro Cleaning Efficacy Results for
Luviquat® FC 370 in ReNu® MPS Solution

Protein Treatment Presoak %
No.of No.of Exposure Exposure w/Cationic Cleaning
Solution Lenses Cycles Conditions Conditions Polymer  vs.
Control
1% Luviquat® 6 7 1he/37°C 3 hr/rt. Yes 90
370 System
1% Luviquat® 9 4 20 hr/37°C 4 hr/r t. Yes 79
370 System
1% Luviquat® 6 4 20 hr/37°C 4 hr/r.t. No 57
370 System
0.1% Luviquat® 6 4 20 hr/37°C 4 hr/r.t. Yes 30
370 System '
1% Merquat® 8 7 1e/37°C 3 hr/rt. Yes 74
280 System
1% Merquat® 6 4 20 he/37°C 4 hrirt. No 25
280 System
-17-
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Di vi sion, MC Publishing Co., G en Rock, NJ 07452. It may al so be
desirable to include water-soluble viscosity builders in the solutions of
the present invention. Because of thei r demJI cent ef fect, viscosity

bui | ders have a tendency to e nﬁg Ierl er's confort by neans of a
o]
Be (‘(:-I

filmon the | ens surface cush t the eye. Included anong
the wat er - sOVOBV3A scosity bililders ul ose pol FEESITATRY

hydr oxyet hyl or hydroxypropyl ceIIquse, and the like. Such viscosity

bui |l ders nmay be enployed in anounts ranging from about 0.01 to about 4.0
wei ght per celte Merquat®s. 9 4 | n a200bf378Q t4chrirhe act iVes i ngredSents
previously dz80Systemd, tonicity agents, buffers and sequestering agents may
be optional |y 1%Murquae®. d n thi & r egazahy/¥reded wrtteri al syeggust be.non-toxic
and nust notagh sykset the Iens. In order to maintain the pH of the
cl eaning and conditioning solutions within the range of 3.0 to 9.0,
preferably 5.0 to 8.0, nore preferably about 6.0 to 8.0, nost preferably
about 6.5 to 7.8 Thesélteatllsshdwﬂfaetmsahy'oxbmlmiliwl.u\ziqmt@é@bdyinmaci d, sodium

o L, 0L AR Gl b5y epngh O BN Byl s

Na[ er r ] HPQ[ e?ef"]'& &ﬁ P&Hﬁ“‘&aﬂ?ﬁ&}‘ ng"]F?‘}B Il"ers ok exAmple, thee o of

Bor at e buf f el% Mug@'@rmkﬁm Ehnveddl%ylpsstpnétkmrabmedl aﬁaefws efthen anounts

ranging fr Orrba?igﬁk'ﬁysgzﬁi dySleswith B h&ﬁ?ExJo P§ Weﬁ%l?s%y? BAr*;afnr om0.1 to
Hme

1.5 percent ion to ents, in

sone i nst ancﬂé"‘?"f’ foruse)io the.preseninyention; ‘ﬁﬁ ¢ must also meet the requirenten

with respect to safety according to cytotoxicity testing such that, at a concentration
greater than 100 ppm, the polymer can be used in a contact-lens solution intended for
coating the lens when placed in the eye.

EXAMPLE 1
This example illustrates one embodiment of the present composition for inhibiting
protein deposition on contact lens. The components of the composition are as follows:

TABLE 3
Ingredient ' mg/gm % wiw
Polyhexamethylene Biguanide 0.009 0.0009
HCI (as Cosmocil® CQ)
(20% w/w solution PAPB)
Boric Acid 6.6 0.66
Sodium Borate 1.0 0.1
Edetate Disodium 1.0 0.1
Sodium Chloride 4.9 0.49
Poloxamine 1107 10.0 1.0
Luviquat® FC 370 polymer 1.0* 0.1**
(40% w/w solution active ingred.)
Hydrochloric Acid, IN adjust to pH 7.1-7.4
Sodium Hydroxide, 1IN adjust to pH 7.1-7.4
Purified Water, gs to 1.00 gm 100%

*Prepare as Luviquat® FC 370, do not adjust for % active

— o ' -18-
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sequestering agents in the cleaning and conditioning solutions in order to
bind netal ions which mght otherwise react with the Iens and/or protein
deposits and collect on the lens. Ethylene-diam netetraacetic acid (EDTA)
and its salts (disodium are preferred exanples. They are usually added in
amounts rangi g dLepyabout 0.01 to about 0.2 weight percentpegmsornrzo The
aqueous cl eaning and conditioning solutions may be effectively used in
renovi ng and di spersing protein and lipid tear filmdeposits on soft type
contact |enses by any of the well-recognized net hods. For exanple, when the
wearer of contact |enses renoves themfromthe eyes, the |lens may be rinsed
w th the cl eaning Yolastdinésssetllvevserks byded patifikd waerab apprakimatehyn83% opwtat ur e

f o . : . . e o
Fvem mut oo P ofishnl PR Rl slch Hck Bi's 5 e Shaief Wil ddiser, Bath 201 Y
rinsed with aSphHARIsyagmedis:appioxdmately A°Coweh mpang. Jhg stltsare 9 adime e
eyes. midkingahrecthatregelein dissolvedibefpre sddinigithemexasaltb The h;atsisahm tulored off Or
exanpl e, the Cah@?ﬂio?ﬂniﬁ@hWTiQE‘d&*ﬂﬁvﬁth%er@m@erﬂer i@ PO 376 E&lgﬂéf’l?p' e,
that contains |1 mted anpunts of a surfactant Tnh accordance wt 0 nly
assi gned US p2ddes andanixed 1gsissaivey The solutign.iafterontignal gutocigying, anallowed 19,890l o4
the sol UE | ons afli & PAPBesbnbatreic(agprx. 400 ppa) i @dde@rand §oto the déslired weighewitlpf

equl pnen sSucC - Q e ons
o Bl'so. st apitd Ihé AR AL bnoldin e formiddiiE Pt red 106 QW3 R4 0% BT pH o

they are al so *#d&pifaeeessa#yr use with high tenperature disinfecting nethods.
Typically, lenses are heated to 80[err] Cin a disinfecting unit containing
cl eani ng and %QHM# @4 ng solutions for a time period of at [east 10

m nut es, renove ané‘, rrnsed wth isotaonic saline. I n one enbodi nment

of the present i nvabisiespmplyillustratesthe salply saquireraents of asHitablepalyquatsumy pe
used wi th a plcompeandfophsede therpresemtrinventiial. )Ar inaitrd evaluhtion wfitylotuxicitypd acenent

L 3PS Ol Sk B S0 SR b MLt
percent repeatingadien injglytips The Uited Saies Pharmacopeie gpecifiashe Agar Diffustonifisste
percent of repgatpreliniizy evahiatiasiof poventialyciogis yatistayites Ertrinel fydm tlastomedc about
L "o AT g O 4 GOE T o DRI
di met hacr y| at dDifion Neat am madeinto.sguantisativs 383y knowa ag.the Neutral Red Dye Release
(NRDR) assay for the evaluation of contact-lens disinfecting/preservative formulations.
In this method, cultured mamalian cells are loaded with the non-toxic dye Neutral Red,
which is retained in the intracellular compartment by each cell’s plasma membrane, a lipid
sack which contains the cell’s contents and permits selective passage of nutrients, wastes
and other substances. Upon exposure to test solutions, the rate and extent of plasma
membrane permeablization is measured by.the amount of dye released into the solution.
This loss of membrane integrity is used as a measure of potential ocular toxicity mediated
by solution ingredients. The term “NRDR assay,”as used herein, refers to the Modified
Neutral Red Dye Release (NRDR) Assay, or its essential equivalent, described in detail by
Hamberger, J.F. et al., “The Relative Toxicity of Five Common Disinfecting/Preserving
Agents as Determined by a Modified Neutral Red Dye Release Assay and the Agar
Overlay Technique,” JCLC, Vol. 1 at 130-35 (May/June 1992), except that samples after
exposure are taken at 30 minute intervals for a total of 90 minutes. Using such an assay,
in which various samples were prepared, the results shown in Table 4 below were
~ obtained. The rating system is based on the Percent (%) of total cellular dye release after
90 minutes of exposure as follows:
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trimethacrylate. In this enbodi nent, a conposition according to the present
conposition can be used as a nultipurpose solution that elimnates the
requirenent for a supplenental protein cleaner. Preferably, the conposition
can be used as a mnultipurpose solution that also elimnates the requi rerrent
for any dai |\¥o wﬁ% ng and cleaning/rinsing” of the |enses.

-12- The follow ng specific experinents ar?&%?glm
denonstrate the conpositions and net hods of the present invention. However,
it is to be understood that these exanples are for illustrative purposes
only and do not mjri)orNot}motbﬁchbryed&lo%live as to conditions and scope.
EXPERI MENT 1 ofystrates the neasurenent of the
pr-ot ei n-di spl aci P‘e“%g&ﬁh q]gu% }'}J guat er ni um pol yners. Anmong t he
pol yquat er ni um p %&1"0’? éirs varied with respect to the

co(rjr?norr;a[]s malki ngiua t}hghgdowmg(jmeo%yspect ib.vefE{Fg&r;gogcggeﬁ?gnomrs,
and/ or e nol ec
procedure was usgd{iﬂ Vﬁ%‘f syt& Qinﬁgtgééﬁértha} Iﬁ?{l ng sol i d- phase extraction
(SPE) r esi n, Ahused hereins thepemm m&%wtma’emqr# todthe latieraating System appliggto
Cartri dges, &ecesults of an NRDR assay. Only a polymer that exhibited a rating of 0 or L (low) at

1000 ppm is acceptable for use in the present invention.

TABLE 4
NRDR
Sample (polyguat Sol'n Rating
400 ppm Luviquat® 370 solution L
120 ppin Luviquat® 370 solution 0
1000 ppm Merquat® 3330 0
Borate Buffer Control solution 0

Luviquat® 370 polymer has 30% mole percent net quaternary-amine-functional repeat
units. Thus, this shows that a moderately charged polyquaternium polymer surprisingly
exhibits both superior protein-binding inhibition (as shown in previous Experiment 1 and
2) and meets the safety standard according to the present cytotoxicity test procedure.

COMPARATIVE EXAMPLE 3

This example compares the cytotoxicity of various polyquaternium compounds
not usable in the present invention. For such a comparison, the same assay and rating
system is utilized as described in Example 2 above. Using such an assay, in which various
samples were prepared, the results shown in Table 5 below were obtained.
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in size, part no. WAT020855, available fromWaters Corp., MIford, Mass.
The material used to pack-the cartridge is a silica-based, hydrophilic,
weak cation exchanger with large pore size. The silica support:is coated
with a pol yner having carboxymethyl groups. For the purpose of neasuring
the inhibitio tein binding, the material used to pack i dge
has been foungvf%"‘g%’gsi mlar to Goup Ill or IV lens nmateri ar&%wé
cartridges were first conditioned with 3 mM borate buffered saline (BBS)
containing (by wv) 0.85% boric acid, 0.45% NaCl, 0.09% sodi um borate, q.s.
to 100% water, pH 7.2, 290 nOsnm kg. TheTABEES®rtridges were then treated
wth 3 mM of test solutions (typically 1% active in BBS). The various test
solutions are listed in Table 2 below. The SPE cartrNg@p® were subsequently
rinsed with 3 m of BBS Jd hen treated with 3 m  o§olth Rifiag ysozynme (3X
crystallized hen |lysozyne trom Signma Chemcal Corp.) 1n electro- lyte

sol ution, adjusting 8H if necessary to 7.2 +/- 0.1 with HO or NaCH The

el ectrol yte sol uti 9f0ppmilaviguad® 5P w v) 0. 70% sodi um chl¥Hide, 0. 17%

pot assi um chl ori de,zoapgﬁ%usgdjnmjgi carbonate, and 0. 0005¢gcal ci um chl ori de
di hydrate, dissol v% [ nmgdp‘)l%rg les tely 90% volune of digid ! ed water,
adjusting to pH 7.2 QPP iy n‘é{g‘iN HCO or 1N NaOH and i nging to vol une
with distilled wat 400dppmMsrquat® 288ch sol uti on was i ntroYHduced into a
cartridge using a ZovippAiMegea®/280syri nge enploying a Vagi an[err] Bond

El ute Syringe Adaptgr, rt 03227. After renoving the syringe adapter,

i ntroduci ng sol u- t@(ﬂ?"ﬁﬁf@“ft% yringe, and repl acing t@e pl unger

consi stent pressur ¢ ppasMeomdt® 280 or ce the sol ution through the cartridge.
Once the plunger raggdieanttdle bottom of the syringe, it was held down for
approximately two seconds until the pressure equalized and the solu- tion
was entirely eluted. If foam ng occurred with any solution, the plunger was
hel d down unt i All thesamples mmgonSMMegbdfoW@ohﬂe@cfcmxme,tlﬁ@O ppm of

absor bance det#£pdlyméinalérial comprising 40% water represents polymer in the amount of 400 ppms:
The polyquaternary polymers in Table 5 comprised 50% or more net quaternary-amine-
functional repeat units, indicating that such highly charged or strongly basic polymers
generally do not meet the requirements for use in the present invention.
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280 nm |n o determne (Wwth a UV spectrophotoneter, Shinmadzu nodel
#UV- 160) ’}m ”ﬂ”’lﬂsozyme that bound to the colum (the | ess bound,
the nore e t solution). The absorbance neasurenents were
conduct ed by (1) tak| Ag &n initial absorbance with BBS in a 1 cmcuvette,
whi ch readi ng should be 0.000, re- autozeroing if necessary wi th BBS, «(2)
rinsing and WPPP#HE the cuvette with-0-0506tyse sol ut i ACTASIRei ng

t he absorbance to obtain the "ma |m|@3HEBTbMS’£ BELNa ue', and (3) reading

t he absorbances for the solutiong i n t REPLSGEDt ubesjiused to collect the
eluents fromthe test cartridges. brbances for the test
sol utions were obtained by subtracting the absorbance of a control in which
the cartri dgVhaasclaimedisd with 3 nl of BBS. (The absorbance of the control
was used to account for any residual sanple which nay absorb at 280nm ) The
percent SPE pr ot ejn-bi bition)
I s obtained by dj \h/I di nég 'a-gﬁﬁb@&inpﬂc{ !eﬂ?scilu{?ob ?&t? r%gtﬁ&ﬁﬁggoﬁnﬁﬁém%&r&@n

i nhi bi tion vAERASityeRya FRNtact jsns wWhish sontacidens yplutionds an @cnxealrseomgwmm&me

fol | ow ng Talkh efféctive amount of at least one polyquaternium polymer having a Wéighfavérage

Bi i ng | nni Brelachlt weight of 5300 o5 30BN opiriny ik Tk 45 vt ottt

cationic) 4auaterzary-anune-ﬁlnﬁmnqkrapeaseet5po| yquat er ni um 16 (50% cat i oni c)

36 3 Luvi quat 552 pol yquat ernium 16 (50% cationic) 34 4
Merquat 280 pol yqyat er 2 ,

ani oni ¢) 5 yA Ngh H@e%giégx féﬁg io% for effe&tﬁr%g cleaning and condmo%%é
38 contact lenses at amblent or elevated temperatures, comprising from 0.01 to 5 percent by

weight of at least one polyquaternium polymer having a weight average molecular weight
of 5,000 to 5,000,000, the polyquaternium polymer being characterized by an NRDR
assay rating of L or less at a level of 1000 ppm.

3. The contact-lens solution of claim 2 wherein the polyquaternium
copolymer is characterized by at least about 10% SPE protein-binding inhibition.

4, The contact-lens solution of claim 1, comprising 93 to 99% by weight
water.

5. The contact-lens solution of claim 1 or 2, further comprising an
ophthalmologically suitable salt.

6. The contact-lens solution of claim 5 wherein the ophthalmologically
suitable salt is selected from the group consisting of an alkali metal or alkaline earth metal
halide salt.

7. The contact-lens solution of claim 1 wherein said polyquaternium polymer

is present in an amount of between 0.01 to 5.0 percent by weight.

8. The contact-lens solution of claim 1 wherein said polyquaternium
copolymer comprises about 20 to 40 percent by mole net quaternary-amine-functional
repeat units.
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ynmer 41 7
Luw quat mmm"“"mmﬂ gﬂum 16 (90% cati oni c) 29 8 Mer quat
1

100 pol yql’jat Ernt um 6 s( % cationic) 31 9 Mer quat 3330
pol yquat er ni um 39 (50% cati onic 25 | 25;/05an| (J)Pr]‘:Tc) 10 _
Mer quat O 3331 Rg| erni um 39 TH!S S EET HAS BEEN |l US97/07201
Quadr ol Pol yolntaeg?rahydroxyprop‘ I hi{eeneceh am nel 8 12

Ritaquat[err] 3000 pol yquat er ni ug 1‘ 6 13

Ritaquat 400KG pol yquat erni um 10 17 14

Pol ynmer JR pol yquat93r ni UFheXkOntact-lens solution of claim 1, wherein theduaterddey-amine-

A uquat 125 |

hydr oxy- pr opy| | m)nl uﬁ%ﬁ Hl%l s%@éﬁse]a positively charged nitrogen atom that is part of 2

_14- s$Atyrated grunsaturated heterocyclic ring.

PCT/ US97/ 07201 16 Crodacel [err] QM cocodi noni um hydr oxypr opyl
10 Oppy €t Rdfle cGfithbtibd$Blution of claim 9, wherein the polyquaternium polymer

is a copolymer of a comonomer selected from the group consisting of substituted or
unsubstituted vinylimidazole or vinylimidazolium salts, dimethyldiallyl ammonium salts, 2-

methacryloyloxyethyltrimethylammonium salts, and copolymerization-compatible
mixtures thereof.

11, The contact lens solution of claim 1 wherein the polyquaternium
copolymer is a copolymer of up to 90 mole percent of a comonomer selected from the
group consisting of vinylpyrrolidone, acrylamide, acrylic acid, methyl methacryate, and
copolymerization-compatible mixtures thereof.

12. The contact lens solution of claim 1 or 2 having a pH of 6 to 8.

13. A method of inhibiting proteinaceous deposits and other debris on a
hydrophilic contact lens comprising;

(2) treating the contact lens with an aqueous contact-lens solution comprising
between 0.01 and 5.0 percent by weight of at least one polyquaternium polymer having a
weight average molecular weight of 5,000 to 5,000,000, the polymer being characterized
by an NRDR assay rating of L or less at a level of 1000 ppm, and

(b) directly installing the treated contact lens in the eyes of the wearer.

14. A method of inhibiting proteinaceous deposits on a hydrophilic contact
lens comprising:

(a) treating the contact lens with an aqueous contact-lens solution comprising a
polyquaternium polymer having a weight average molecular weight of 5,000 to 5,000,000
comprising about 10 to 45 mole percent of net quaternary-amine functional repeat units,
and

(b) directly installing the treated contact lens in the eyes of the wearer.

15.  The method of claim 13 or 14 wherein step (a) comprises daily immersing
of the contact lens in the contact-lens solution.
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17 BAK (oenzal KO‘ITi"Um chl ori de) 3
8

18 m brom de)
19 ” Fﬁﬂ pol yquat er ni um 7 8

20 Agequat [ err 8 pol yquaterni um 7_ .oz 13
21 1507 poly : 60
22 ng‘g%g%[ err] H PE PCT/USOTAT201 . Hg

pol yi mi dazol i ne quaterni zed) err] 734 pol yquat er ni um
11 4 Gaf quat[err] HS100
pol yquat er ni um 286.  The method of claim 13 or 14 where?r?step%bli&hﬂibai $caking of thea

u

regi stered Lo ti es dw gshaf en, GCermany,
Mer quat [ err] &g&gg{sgﬁl st‘:g@gg léﬁ 38@n§" &gﬁod%ﬁh n'gp Pi ttsburgh PA

15230, Ritaquat is a registered trademark of Rita Corp., Ququat[err] is a
regi stered tradenmar k Whe ABthod bPlaifa0r3or, 14@&1ﬁﬁbacmb[hydrbi>mn§coawceuh§tered .

trad k f Si
L5 i B R WAL 0 I ot e >
Agequat [ er r |methaceylic agjd.abewtdl® tPPQMP‘KG@F l’%“@éﬂf derivedfrembydroxyethdgi st ered

trademar k  ofmdehuRiyiaie) ahd biibut 082b BGhiIE pérbent bf irbssAinkRigirepedt dits! r ademar k  of
Henkel Scientific Polyners Corp., and Gafquat[err] is a registered

trademark of | SP Corp. The results in Table 1 show t hat

Luvi quat [err] 3708. Ludimethad efdanisg e conpetdenaoh ardaify begis usingraoaub err] 2200

anﬂ_ g_t th_er P Ghuififirpose B6hiish Witiest ehe anada%e déiferSRheRinGubbiflg 6f theli ng

i nhi bition. um
cgna& B30 RGB! cordehaBl RS 1Ot LRl i o GgBlcpleR

pol ymers use FOmATe ccor 0 this
screeni ng t Swith a“eﬁﬂ“SPE SQPB?'E‘F‘WHSESWE ﬂmglmmmmm conolymeghaying a3ueighis above.
For use in taheragé mokedilar weight of 5000 OSBO0U00 dnd AbARI1PRSAS ekl pepdefitoffieet t he

L0 oo A o o Bt ORI R B
contact - | erpfthejvearston int ended for coating the iens when placed in the
eye.
19. A method of cleaning a contact lens on a daily basis using a no-rub

multipurpose solution without the use of an enzyme, wherein rubbing of the contact lens

is neither recommended nor required, comprising treating the contact lens with an

aqueous solution comprising between about 0.01 and 5.0 percent by weight of at least one

polyquaternium polymer having a weight average molecular weight of 5,000 to

5,000,000, the polyquaternium polymer being characterized by an NRDR assay rating of

L or less at a level of 1000 ppm, and inserting the contact lens in the eyes of the wearer.

20. A method of packaging and storing a contact lens comprising immersing
the contact lens in an aqueous contact-lens solution inside a package prior to delivery to
the customer-wearer, wherein the contact lens solution comprises a polyquaternium
copolymer having a weight average molecular weight of 5,000 to 5,000,000 and
comprising about 10 to 45 mole percent of net quaternary-amine functional repeat units.

21.  The method of claim 20, wherein said method comprises immersing the
contact lens in an aqueous contact-lens solution directly following manufacture but prior
to delivery to the customer, wherein the contact-lens solution comprises a polyquaternium
copolymer having a weight average molecular weight of 5,000 to 5,000,000 comprising
about 10 to 45 mole percent of net quaternary-amine-functional repeat units.

[ —
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EXPERI NEr\mm Exanple further illustrates the use of a

conposi ti uum"m" 4"‘ he present invention for inhibiting protein

deposi tion® orf hydr#ph$lic contact |enses. Vari ous pol yquat er ni um pol yner s
were added to a ReNu[err] MPS hase Capnuf act ured by Bausch &
Lonb, Rochest er and subj edt t mmgggﬂqeam ng cycl e§%¢<ﬁl} up vV
| enses: (Acuvue R&%&ctured by ﬁﬁlS%E‘EﬁT New Brﬁns gﬂd & p

- 15- particul ar, the Uenses=were=alterF tely exposed to vari ous
concentrations of the pol yquat erni um soI uti on foll owed by protein

(I'ysozyne) sol utlorzg Tmeﬂ{eﬂbﬂldﬂcﬁmmlvﬂi&réﬁ?@xdlfoﬁﬁ&ﬂéﬁkﬂiybehnmhfnmng:& 1%
| ysozyne in th ectr saol u n._desaGrli Fﬁgl ng
was determ ne 3“3 éh?dralc??éenr“gehnc SR é’qé:onglgﬁ%gﬁw thé‘con e%mélted
on test sol ut|MWhvw%mlmmnmma@wthn&P@w"m! V%ﬁ‘b tion
was det er m nedaisfinied »ﬂlefﬁnﬂhﬁ‘ébﬁtﬂctﬂéﬁs%bluﬂéﬂ&&hphsw quernian copplyntesnt act

| enses accor dipg. Lo Lhe, ave%%@wa&gﬁtgpgo&dxs%'dﬁw s 3B8TS

Cl eani ng Eval u I n tést’ proce ure nor e
i nformati on r etpefSamelg percent pfinet quaternary-amine- functional repeat Gnits,

23. A package system comprising a sealed container containing one or more
unused contact lens immersed in an aqueous contact-lens solution, wherein the contact
lens solution comprises a polyquaternium copolymer having a weight average molecular
weight of 5,000 to 5,000,000 and comprising about 10 to 45 mole percent of net
quaternary-amine-functional repeat units.

24. A method of inhibiting the accumulation of proteins on a hydrophilic
contact lens by applying eye drops of a ophthalmologically safe composition comprising a
polyquaternium copolymer having a weight average molecular weight of 5,000 to
5,000,000 and about 10 to 45 mole percent of net quaternary-amine-functional repeat
units.
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procedures, see Shibata and Matoba, "Mdified Colorinmetric N nhydrin

Met hods for Peptidase Assay," Analytical  Biochem stry-1981; .118:173- 184,)
was used to determ ne the anmount of prote| naceaus material renoved fromthe
| enses using various cleaning solutions described-bel ow. -The procedure was
substantially as follows: After being treated with a cl eaning sol ution,
each | ens was subsequently cut into quarters and the four quarters where
pl aced into a glass test tube. The protein bound to each | ens was

hydrol yzed Hderreeddrany Phantrianbﬂalmﬂnlicmhiilunumwmxxisdhtotremeac thetprbteinacediust hat
t.he individ ' eg&iqﬁ » t he base
sol ution. Hgﬂoslt thé\%gre appe % ‘gge; ﬁw{e‘%ﬁ ﬁgt%leé%ﬁéegﬁ&r%a bl ock
(about 100[ Epraynly, SNZype Flsaners ars|sppl mdr’mdisﬁolvamgjenzwm tallats e suitablam t he
bl ock. The § éﬂlé%ﬁs yRigorRl ISewerdr &gl UY Pat%ﬁma tﬁ%eé(?itt%!rl\ﬁo“n‘?gw{@ﬁgé

m nut es, xceed four. hours with ns pieces still ol'uti-on) and a
15 [err]1 ah‘ ergycaﬂ gehisthatiremeveRrgten 3@9@5}5 haypdeen gevsdonsAoer pramen t he
I enﬁ) 2V\§SN re,flmmmwoom ABICIR 7 tolFe, disbldsas e&npdblt@onl; cbfpHgingahdt® dhidHdeo! une)

W t S

di sposabl e Bag ly&%%%go%(lgﬁtl??rﬁ&gh?&g’%% efﬁ@tée@maﬁﬁgg é%%%‘{]%ggﬁlbseqﬁent ly

seal ed and pihcinamedesdeposiisxed. d aci al acetlc acid in the anmobunt of 50

| dded t i d
Subsequent |y 40 R ol O lsc St bRt AfplelEr DL MY BESThat degradsy g
to each tubgrcmm qensest enwc@rm;fnnyyn éomha@s coriaet letsen (typiopliyibetweethat ed i n
a water bat fyréflocheRd pdlfh) Qhﬁﬁ«khaﬂ’;} cl op&[n?arcf lefrsdsO© Tl‘l?solgrugﬁ‘il{ﬁ'{ag&)%d

m nutes. The tubes were i transferred to an I ce cool for
appr oxi mat efsgommengded et b(‘:‘ﬂg‘r‘-iprﬂjc projteiny deposits that V@H&é{FnW%ﬂS{JWﬁu%@%t i on

of isopr0p¥ﬁmh§m@neﬁmtﬁér%beéxhlaﬂemmrmm@m %El tgbe bThe f
t S WwWas e apsor e o0
T T obe vt meaBeral aTneiE 3t Rstites R Fndife Pdeciitng Poufins Ghorany o5

The anount e»ftrq’dmmdem for cfntwdbnmeqnbzfe amdshe adcestiytforifrixyuenotaubbing@nd he
bsorb RSN, :
The phany | apcuiie of@HBerlchsalit fl b BEVANANN 2 AERaN) PR RE fafily

of 0.1 ng/ nlenses. Many contact lens wearers do not like the burden of having1tg perform a daily

“rubbing and cleamng regimen. Some wearers may even be negligent in the proper
“rubbing and cleamn° regimen, which may result in contact-lens d1scomfort and other
problems.

The deposition of proteinaceous materials can also cause adverse affects or limit
the life of so-called planned replacement lenses (PRL) and disposable lenses that are
designed to be used without enzyme cleaners and then discarded after a limited period of
time. The build up of proteinaceous deposits may cause contact lens spoilage.

R Another approach to solving the problem of protein deposits has been to try to

- prevent proteins from adhering to the contact lens surface in the first place. For example,
WO 95/00618 and US Patent No. 4,168,112 to Ellis discloses contact-lens solutions
containing cationic polymers which are said to form a coating of a hydrophilic
polyelectrolytic complex on the lens surface. This complex is alleged to act as a hydrogel
“cushion” to incréase the wettability and comfort of the lens. This complex is also said to
increase the hydrophilic character of the lens and also reduce the tendency for
mucoproteins to adhere to the lens surface. The examples in the patent are directed to
rigid gas permeable (RGP) lenses. The patent discloses the use of polyquaternium
polymers and copolymers generally, and exemplifies the immersion of a hard contact lens
in a 0.1 solution of polyvinylbenzyl trimethyl ammonium chloride followed by a thorough
rinse with distilled water.
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phenyl al ani ne solution in a disposable polystyrene culture tube.
Appropriate dilutions were nade to give a range of concentration from about
O [err]g to 15 [err]g. The phenyl al anine sol uti-on was prepared by
dissolving 0.1 % (1 ng/nl) phenylalanine into 2.5N sodi um hydroxi de and
stirring for approximately 10 m nutes. The ni nhydrin reagent used in
the procedure was prepared by dissolving 1.0% ni nhydrin and 0.1 % stannous

hl ori de int ia f I | | | ve.
monomet hyl et hor FUbRRERRCH) SprERiprowt ST o BEue e st BhamRRed e s
stir { ﬁg ] u 2 E:I gﬂhéﬁiitiﬁg gml dpﬂaﬁieﬂrjfmbine dy icoitacting| adontuet leAs wiithragositovelt citageduf f er
was ri e s i 0 . Q ' -
was prepar eﬁﬁwlc ' gggﬁrl%v%g aaxslgtef[é E%@gﬁﬁ{ &SIfOJOgg j'p 103:362(“?' %ﬁ g%ﬁﬁ%c“gglg‘g g}cwef o
citric aci dbasic pmpeinxantipadyyep88es such of proicaning prdipelsianginine; fhothsef] whirky ar evgaisl
then mxed §0flaJe/ HEtpesnAdL HalsRY st RoMlnefrileldingily SPRLOHIDUR hsse ©

(e.g., 1ON sodrum hy Y. une of the solution was then brought
up to approkesietedr protein. with distilled water. The cleaning results

Lre gg;lt ﬁdi II‘]RI g??: %@ggﬂi‘: Q1. Ha8 5&@9?&@%@9«@& B'sitﬁe 'li‘ﬁﬂfst;_ﬁfgl%iﬂ d_i@blﬁ)fﬁeil‘mﬂtsoft n

0 rea .w S ntia | depti c cl eani
treat ment uCPMAGE FFGS%ISSPQBE@SIF@N@' l?f?%éﬁfé 2?“” 64 @F‘Eﬁq Lens &ssociafion of ©
TABLE 2 Ophthalmologists), 17(2), pp. 126-8/April 19D BanBagiazid lysmeyarResiitataradtairug,
Luvi quat FC.370 in I'?’eNu. S Sol ution
Protein 1 FLYRERTHC Ft%Bsoak %

The use of certain ionic polymers in contact-lens cleaning and preserving solutions

is also known. For example, US Patent No. 5,096,607, EP 0456467 and WO 94/13774

- disclose the use of certain polyquaterniums as antimicrobial agents, typically in amounts
less than 100 parts-per-million (ppm) in actual commercial practice. U.S. Patent No.
4,443 429 to Smith et al. discloses the use in a contact-lens disinfecting solution of a
dimethyldiallylammonium chloride homopolymer known as Merquat® 100 having a
molecular weight of about 10,000 to about 1,000,000. While broad concentrations are

- recited in the patent, preferred concentrations are 0.0004 to about 0.02 weight percent (4 to
200 ppm). US Patent No. 4,388,229 to Fu discloses a contact-lens solution for
rejuvenating lenses by removing adsorbed and occluded chemical and biological agents,
particularly antimicrobial agents adsorbed from a disinfecting solution. The patent
discloses the use of strongly basic anionic exchange resins having quaternary-ammonium
exchange groups. After the rejuvenation procedure, the lenses may be treated with water
or a cleaning and/or preserving solution to remove any residual rejuvenation solution.
Clearly, it would be desirable to be able to effectively prevent or inhibit deposition

of proteins on the surface of contact lenses. It would be especially desirable to eliminate
or minimize the need for special cleaning compositions or techniques to remove protein
deposits from contact lenses. Finally, it would be highly desirable to eliminate or reduce
the need for so-called “rubbing and cleaning.” Preventing the deposition of proteinaceous
materials on contact lenses in the first place would not only solve the above-mentioned .
problems associated with the accumulation of protein deposits, but would result in lens
care becoming significantly more user-friendly and convenient. These are important
attributes for many or most wearers of contact lenses. '
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No. of No. of Exposur e Exposure w Cationic C eaning Sol ution

Lenses Cycl es Conditions Conditions Polyner, --- vs. Control 1%
Luvi quat 6 7 1 h/37[err]C ~ 3" h/r.t. - - -Yes 90 370
System 1% Luvi quat 9 4 20 h/ 37[err]C 4 h/r.t. Yes

79 370 System 1% Luviquat[err] 6 4 20 h/37[err]C 4 hir.t.
No 57 370 System 0. 1% Luvi quat - 6 4 20 h/37[err]C
4 hir.t. Yes .30 370 System 1% Mer quat 8 7 1

h/ 37[ err] C from polymers having/gepeats Uhits dg']w&dofw l%gfg%yﬁtwo%hwé@te MONomgrs,

417 20 hdnddspédidlly lengks dddetfrom poldiers having addi#fon#i&epeaY shRSMerived from

methacrylic acid. Group III and Group IV lenses (FDA categories) often contain

methacrylic acid monomers. Group IV is distinguished from Groups I to III by having

(with respect to Group I and III) higher water content and (with respect to Group I and II)

being more ionic. Typically, Group IV lenses have a water content greater than 50% by

weight. High water content is associated with materials having high oxygen permeability,
resulting in the increasing popularity of Group IV lenses, including especially disposable
and planned-replacement lenses. Such materials include, but are not limited to, bufilcon

A, etafilcon A, methafilcon A, ocufilcon C, perfilcon A, phemfilcon A, and vifilcon A.

Materials containing methacrylic acid monomers include methafilcon B, ocufilcon D,

' methafilcon A, and etafilcon A (USAN and the USAP Dictionary of Drug Names).

i Lenses made from the foregoing materials are commercially available from a variety of
sources. Such lenses include daily-wear lenses, extended-wear.lenses, planned-
replacement lenses, and disposable lenses. _

The invention comprises the use of a contact-lens solution for preventing the
formation of protein deposits on a contact lens which contact-lens solution is an aqueous
solution comprising an effective amount of at least one moderately charged
polyquaternium polymer that binds to the lens to inhibit protein binding. By the term
“moderately charged polyquaternium polymer” as used herein is meant that the polymer
comprise not more than 45 mole percent net quaternary-amine-functional repeat units, -
‘wherein the mole percent net quaternary-amine-functional repeat units are the mole
percent of quaternary-amine-functional (positively charged) repeat units minus the mole
percent of anionic (negatively charged) repeat units in the polymer. Preferably, the mole

7 percent net polyquaternium repeat units is between 10% and 45%, more preferably

) between 20% and 40%, most preferably between 25% and 35%. For example, if the

polymer comprises 50 mole percent of a quaternary-amine-functional repeat unit derived

from dimethyldiallyl ammonium chloride, 25 mole percent of an anionic repeat unit
derived from carboxylic acid, and 25% of a neutral repeat unit derived from methyl
methacrylate (or an-substantially neutral repeat unit derived from hydroxyethyl
methacrylate), then the mole percent net quaternary-amine-functional repeat units would
be 25% (50% quaternary-amine-functional repeat units minus 25% anionic repeat units).

By the term “quaternary-amine-functional repeat unit” is herein meant that the repeat unit

comprises a quaternary-amine group in which a positively charged niti'ogen atom is |

covalently bonded to four radicals (no hydrogeh atoms) and ionically bonded to a

negatively charged counterion such as chloride.
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1% Mer quat 9 4 20 h/37[err]C 4 hir.t. Yes - 35 280
System 0. | %vkrquat 6 4, 20 hl37[err]-& 4-hlr.t. Yes

+7 280 System These results show that"the sotution ‘cont ai ni ng

Luvi quat 370 pol yners denonstrated, even under extTeme deposition
conditions, the ability to significantly reduce the anount of |ysozyne
(protein) depositing on Group IV |l enses. For exanple, the 1% Luvi quat 370
sol uti on showed 79% | ess protein absorbed after four of the

cat i oni ¢/ | ysozynhepalyquateminm pdymensrof theqpossnt mventiqur sujtebly hiame eamlrghtycl e.

Again, howeMglage hifiedtBl »t@%ﬁtlm Bf 950%93 OPGYc?S‘bb@B tﬂ?@fe&%ﬁﬁ’é’ﬁ%ﬁ{ W%OFJ

meet the requl rement espect oXI Ci

i'ng to cyto |
testing suc %Q@thoatprafemmwa@pa%tcgz&g@r t han 100 ppm the pol yner can
be used in a COWWM%@M&%&S%@ME’&Q& Bfes&R@ﬁ\}éﬂﬁoﬁ 1ﬂtﬂﬁdéMBE{‘are

‘placed int I s exanp es oné
gnbodl nent ‘E?Fhf‘ﬁ@dﬁ? SOBR W&%?F?HW%WW%?@F%‘ Ctb?r&?‘ﬁ PRGNS 474 i on on

contact | ert&nvafm&oﬁmweima oﬁfhdfﬁﬂowm@mstdf%r@h&rﬁs\l Nodihevs/1-N-ethyl-
TABLE 3

% W w mBB?‘bﬂg"sﬁyﬂ%‘F 109 methasryisg- Tgthacrylprygiy iy lammonium, N-G-5 00
HCO (as Cosnetbadrylaqidopropyl)-Ne¥MN4rimethplainntanom, FAPR)Y1 and 3-methyl-1-vinyl- '

imidazole, N-(3-acrylamido-3-methylbutyl)-N,N,N-trimethylammonium, N-(3-meth-
acryloxy-2-hydroxypropyl)-N,N,N-trimethylammonium, diallyldimethylammonium,
diallyldiethylammonium, vinylbenzyltrimethylammonium, their halides or other salt
, ~ forms, and derivatives thereof, for example, im}olving' the substitution, addition, or

- ~ removal of alkyl groups, preferably 'having 1 to 6 carbon atoms. Quaternary-amine-
functional repeat units can also be obtained as a reaction product or two or more com-
pounds, as for example, by the use of a strong alkylating agent such as 1,4-dichloro-2-
butene which, for example, can be reacted with 1,4-bis[dimethylamino]-'2-butene' and
triethanolamine to produce a polymeric polyquartenary ammonium compound.
Quaternary-amine-functional repeat units can also be made from other polymers, such as
by the reaction of a trimethyl amonium substituted epoxide with the hydroxy group of a
hydroxyethylcellulose. Suitable quaternary-amine-functional repeat units also include
those found in polymeric ionenes and the like formed by a polycondensation reaction; in
such repeat units, the nitrogens of the quaternary-amines are integral to the polymeric
backbone and are situated between alkylene, oxyalkylene, or other segments.

In a preferred embodiment, the nitrogens in the quaternary-amine-functional repeat
units is part of a saturated or unsaturated heterocyclic ring, most preferably a five- or six-
membered ring. Most preferably, the polyquaternium polymer is a copolymer of a
vinylimidazolium salt or a dimethyldiallyl ammonium salt. Up to 90%, preferably 40% to
90% by mole, of copolymerization-compatible comonomers not having a 'quatemary-
amine-functionality may be copolymerized with the quaternary-amine-functional co-
monomers. Suitable comonomers include, but are not limited to, vinylpyrrolidone, acrylic
acid, alkyl methacryate, amides and amines such as acrylamide and N,N-
dialkylaminoalkyl acrylate and methacrylate, hydroxyethylcellulose and copolymeri-
zation-compatible mixtures thereof. A preferred alkyl group has 1 to 6 carbon atoms.
Most preferably, alkyl groups are methyl, ethyl, and/or butyl.

Polyquaternium polymers as thus defined are a well known class of polymers,
many variations of which are commercially available. For example, a current CTFA
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lysozyme. The amount of protein-binding inhibition is determined compared to a control

solution. In one embodiment of the invention, a suitable pblyquatemium polymer exhibits
at least 10% SPE protein-binding inhibition. Preferably, the SPE protein-binding
inhibition is at least 20%, more preferably at least 30%, most preferably at least 35%.

In another aspect of the present invention, proteinacous deposits on hydrophilic
contact lenses are prevented and inhibited by a method comprising:

- (a) treating the contact lens with an aqueous solution compﬁsing a
polyquaternium copolymer comprising 10 to 45% by mole of net
quaternary-amine-functional repeat units, and

(b) direct installation of the treated contact lens in the eyes of the

wearer.

Typically, step (a) may involve immersing the contact lens in the solution. Such
immersing may comprise soaking and/or rinsing with a steady stream of the solution.
Soaking may optionally comprise shaking or agitation. Preferably, step (a) involves a
period of soaking the contact lens in a container wherein the contact lens is immersed in

. the solution. By the term “direct installation” is herein meant that the solution is not
diluted or rinsed off the lens with a different contact-lens solution prior to insertion or
installation in the eye. |

In a particularly preferred embodiment, the method of cleaning contact lens uses a
no-rub multipurpose solution without the use of an enzyme, wherein rubbing of the contact
lens is neither_ recommended nor required. In this embodiment, the cleaning and
disinfecting consists essentially of treating the contact lens with an aqueous solution
comprising a polyquaternium polymer cofnprising 10 to 45% by mole of net quaternary-
amine functional repeat units, and then inserting the treated contact lens in the eyes of the
wearer. ' _

The present invention is also useful for packaging and storing a contact lens, the
method comprising packaging a contact lens immersed in an aqueous contact-lens
solution, wherein the contact-lens solution contains a polyquaternium polymer comprising
10 to 45% by mole of net quaternary-amine-functional repeat units. Said method
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antimicrobial agents are defined as organic chemicals which derive their antimicrobial
activity through a chemical or physiochemical interaction with the microbial organisms.
Suitable antimicrobial agents are polymeric quaternary ammonium salts used in
ophthalmic applications such as poly[(dimethyliminio)-2-butene-1,4-diyl chloride], [c.-
tris(2-hydroxyethyl) ammonio]-2-butenyl-o-[tris(2-hydroxyethyl)ammonio]dichloride
ST (chemical regisﬁy number 75345-27-6) generally available as polyquaternium! from
ONYX Corporation, benzalkonium halides, and biguanides such as salts of alexidine,
alexidine free base, salts of chlorhexidine, hexamethylene biguanides and their polymers.
The antimicrobial agents used herein are preferably employed in the absence of mercury-
containing compounds such as thimerosal. The salts of alexidine and chlorhexidine can be
either organic or inorganic and are typically gluconates, nitrates, acetates, phosphates,
sulphates, halides and the like. Preferred antimicrobal agents are the polymeric quarter-
nary ammonium salts used in ophthalmic applications and the biéuam'des. More preferred
are the biguanides and hexamethylene biguanides (commercially available from Zeneca,
Wilmington, DE), their polymers and water-soluble salts being most preferred. Generally,
the hexamethylene biguanide polymers, also reférred to as polyaminopropyl biguanide
(PAPB), have molecular weights of up to about 100,000. Such compounds are known
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sampl e (pol 92(13%131{3 re. uce _ em1.<:roorgam.sm po.pula 1on§8 lthenfoggltllla r%ans employed. ?Mly,
a disinfecting amount is that which will reduce the microbial burden by a certain number

of log orders within a certain period of time, depending on the particular microorganism
involved. Most prefe_,rably, a disinfecting amount is an amount which will eliminate the
microbial burden on a contact lens when used in regimen for the recommended soaking
time (FDA Chemical Disinfection Efficacy Test - July, 1985 Contact Lens Solution Draft
Guidelines). Typically, such agents are present in concentrations ranging from about -
0.00001 to about 0.5% (w/v), and more preferably, from about 0.00003 to about 0.5%
(wiv).

Compositions of the present invention, in addition to the active ingredients
described above, may contain buffers, various cleaners, stabilizers, isotonic agents and
the like which aid in making ophthalmic compositions more comfortable to the user.

The aqueous solutions of the present invention are typically adjusted with tonicity agents
to approximate the osmotic pressure of normal lacrimal fluids which is equivalent to a
0.9% solution of sodium chloride or 2.5% of glycerol solution. The solutions are made
substantially isotonic with physiological saline used alone or in combination, otherwise if
simply blended with sterile water and made hypotonic or made hypertonic the lenses will
lose their desirable optical parameters. Correspondingly, excess saline may result in the
formation of a hypertonic solution which will cause stinging and eye irritation. An
Osmolality of about 225 to 400 mOsmv/kg is prefei'fed.

The solutions of the present invention may be formulated into specific contact
lens care products, such as wetting solutions, soaking solutions, cleaning and
conditioning solutions, as well as multipurpose type of lens-care solutions, etc. and
mixtures thereof, ,

When used in a cleaner, neutral or non-ionic surfactants may impart additional
cleaning and conditioning properties and are usually present in amounts up to 15 weight
percent. The surfactant should be soluble in the lens care solution, non-irritating to eye
tissues and usually have a hydrophilic-lipophile balance (HLB) of 12.4 to 18.8.
Satisfactory non-ionic surfactants include polyethylene glycol esters of fatty acids, e.g.
coconut, polysorbate, polyoxyethylene or polyoxypropylene ethers of higher alkanes
(C2-Cy3). Examples of the preferred class include polysorbate 20 (available from ICI
Americas Inc., Wilmington, DE 19897 under the trademark Tween 20), polyoxyethylene
(23) lauryl ether (Brij® 35), polyoxyethylene (40) stearate (Myrj® 52), polyoxyethylene
(25) propylene glycol stearate (Atlas® G 2612). Brij® 35, Myrj® 52 and Atlas® G 2612
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The aqueous cleaning and conditioning solutions may be effectively used in
removing and dispersing protein and lipid tear film deposits on soft type contact lenses
by any of the well-recognized methods. For example, when the wearer of contact lenses
removes them from the eyes, the lens may be rinsed with the cleaning solution followed
by "cold" soaking at room temperature for a period ranging from about five minutes to
sixteen hours, preferably five minutes to 4 hours. The lenses are then removed from the

- solution, rinsed with a preserved isotonic saline solution and then replaced on the eyes.

The cleaning and rinsing solution may be the same when, for example, the
cleaning solution is a multipurpose formulation, for example, that contains limited
amounts of a surfactant in accordance with commonly assigned US Patent No.
4,820,352. In addition to the cold soaking method, the solutions disclosed herein are
adaptable for use in other types of equipment such as ultrasonic cleaners. Furthermore,
because the solutions are also stable when heated to temperatures in the range of 80° to
90° C, they are also adaptable for use with high temperature disinfecting methods.
Typically, lenses are heated to 80° Cina disinfecting unit containing cleaning and
conditioning solutions for a time period of at least 10 minutes, removed and rinsed with
isotonic saline.

In one embodiment of the present invention, a composition of the present

- invention can be used with a planned replacement lens (PRL) that is planned for

replacement after a périod of use between 1 and 4 weeks, for example, 2 weeks.

Preferably, the lens is made from a polymer comprising about 0.5 to 5 mole percent
repeat units derived from methacrylic acid (MAA), 10 to 99 mole percent of repeat units
derived from hydroxyethyl methacrylate, and about 0.5 to 5 mole percent of cross-
linking repeat units.- Cross-linking repeat units may be derived, for example, from such
monomers as ethyleneglycol dimethacrylate, divinylbenzene, and trimethylpropane
trimethacrylate. In this embodiment, a composition according to the present composition
can be used as a multipurpose solution that eliminates the requirement for a supplemental
protein cleaner. Preferably, the composition can be used as a multipurpose solution that
also eliminates the requirement for any daily “rubbing and cleaning/rinsing” of the
lenses.
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400 ppm The polyquaternary polyners in Table 5 conprised 50% or nore net
quaternary- EXPERIMENT 1

This Experiment illustrates the measurement of the protein-displacing effects of
- various polyquaternium polymers. Among the polyquaternium polymers tested, the
polymers varied with respect to the comonomers making up the polymer, the respective
proportion of comonomers, and/or the molecular weight of the polymer. The fo-llowing
screening procedure was uscd. Cartridges were used containing solid-phase extraction
. (SPE) resin, namely Sep-Pak® cartridges identified as Accell Plus® CM Cartridges, 3cc
Lo ' in size, part no. WATO020855, available from Waters Corp., Milford, Mass. The material
used to péck the cartridge is a silica-based, hydrophilic, weak cation exchanger with
large pore size. The silica support is coated with a polymer having carboxymethyl
groups. For the purpose of measuring the inhibition of protein binding, the material used
to pack the cartridge has been found to be similar to Group III or IV lens material. The
SPE cartridges were first conditioned with 3 ml borate buffered saline (BBS) containing
(by w/v) 0.85% boric acid, 0.45% NaCl, 0.09% sodium borate, q.s. to 100% water, pH
7.2,290 mOsm/kg. The SPE cartridges were then treated with 3 ml of test solutions
(typically 1% active in BBS). The various test solutions are listed in Table 2 below. The
SPE cartridges were subsequently rinsed with 3 ml of BBS and then treated with 3 ml of
0.05% lysozyme (3X crystallized hen lysozyme from Sigma Chemical Corp.) in electro-
'lyte solution, adjusting pH if necessary to 7.2 +/- 0.1 with HC] or NaOH. The electrolyte
e solution contained (by w/v) 0.70% sodium chloride, 0.17% potassium chloride, 0.22%
sodium bicarbonate, and 0.0005% calcium chloride dihydrate, dissolved in approxi-
mately 90% volume of distilled water, adjusting to pH 7.2 +/- 0.1 using 1N HCl or IN
NaOH and bringing to volume with distilled water and mixing. Each solution was intro-
duced into a cartridge using a 5 ml disposable syringe employing a Varian™ Bond Elute
Syringe Adapter, part # 803227. After removing the syringe adapter, introducing solu-
tion into the syringé, and replacing the plunger consistent pressure was used to force the
solution through the cartridge. Once the plunger reached the bottom of the syringe, it
was held down for approximately two seconds until the pressure equalized and the solu-
tion was entirely eluted. If foaming occurred with any solution, the plunger was held
down until foaming stopped. The eluent was collected and the absorbance determined at |
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280 nm, in order to determine (with a UV spectrophotometet, Shimadzu model #UV-

- 160) the amount of lysozyme that bound to the column (the less bound, the more
effectivé the test solution). The absorbance measurements were conducted by (1) taking
an initial absorbance with BBS in a 1 cm cuvette, which reading should be 0.000, re-
autozeroing if necessary with BBS, (2) rinsing and filling the cuvette with 0.05%
lysozyme solution and reading the absorbance to obtain the “maximum inhibition value’,
and (3) reading the absorbances for the solutions in the test tubes used to collect the
eluents from the test cartridges. The corrected absorbances for the test solutions were
obtained by subtracting the absorbance of a control in which the cartridge was treated
with 3 ml of BBS. (The absorbance of the control was used to account for any residual
sample which may absorb at 280nm.) The percent SPE protein-binding inhibition (%
Inh. or % SPE Binding Inhibition) is obtained by dividing each corrected test absorbance
by the maximum inhibition value and multiplying by 100 The results are shown in the
following Table 1.

TABLE 1 ,
' Average % SPE

Trial Test Compounds* (1% in BBS) Binding Inhibition

1 Luviquat® FC 370 polyquaternium-16 (30% cationic) 48
2 Luviquat® 550 polyquaternium-16 (50% cationic) 36
3 Luviquat® 552 polyquaternium-16 (50% cationic) 34
4 ‘Merquat® 280 polyquaternium-22 (80% cationic, 50
20% anionic)
5 Merquat® 295 polyquaternium-22 38
6 Merquat® 2200 polymer 41
- 7 Luviquat® 905 polyquaternium-16 (90% cationic) 29
8 Merquat® 100 polyqﬁaternium«-S (100% cationic) 31
9 Merquat® 3330 polyquaternium-39 (50% cationic, 25
25% anionic) |
10 Merquat® 3331 polyquaternium-39 25
11 Quadrol Polyol tetrahydroxypropyl ethylene-diamine 8
12 thaquat® 3000 polyquaternium-10 6
13 Ritaquat® 400K G polyquaternium-10 ' | 17
14 Polymer JR® polyquaternium-10 27
15 Gluquat® 125 lauryl methyl gluceth-10 2

hydroxy-propyl dimonium chloride
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procedures, see Shibata and Matoba, “Modified Colorimetric Ninhydrin Methods for
Peptidase Assay,” Analytical Biochemistry 1981; 118:173-184,) was used to determine

. the amount of proteinaceous material removed from the lenses using various cleaning
solutions described below. The procedure was substantially as follows After being
treated with a cleaning solutlon each lens was subsequently cut into quarters and the four
quarters where placed 1nto a glass test tube. The protein bound to each lens was
hydrolyzed by adding 1 ml of 2.5N sodium hydroxide to each tube such that the
individual lens pieces therein were completely covered with the base solution. The tubes
were capped, placed into a preheated heating block (about 100°C) for approximately two
hours, and then removed from the block. The tubes were allowed to cool to room
temperature (minimum 30 minutes, not to exceed four hours with lens pieces still in
solution) and a 15 pl aliquot of contact lens hydrolysate (hydrolyzed protein from the
lens) was removed from each tube, diluted in a 1 to 10 ratio (by volume) with 2.5N
sodium hydroxide and subsequently placed into individual disposable polystyrene culture

o tubes. These cilture tubes were subsequently sealed and the contents mixed. Glacial

- acetic acid in the amount of 50 pul was added to each tube to neutralize the sodium
hydroxide. Subsequently, 400 p! of a ninhydrin reagent (described below) was added to
each tube and mixed thoroughly. The tubes were then capped and heated in a water bath
(or heating block) at about 90°C for approximately 20 minutes. The tubes were
immediately transferred to an ice bath to cool for approximately 5 minutes. Upon
cooling, 1.0 ml of an eclual volume solution of isopropy! alcohol and distilled water was
added to each tube. The mixture within the tubes was then thoroughly mixed and the -
absorbance of each tube was measured at 570 nm on an ultraviolet spectrophotometer.
The amount of protein in each sample was calculated by comparing the

absorbance of each sample to that of a known phenylalanine standard curve. The
phenylalanine standard curve was prepared by using a working standard of 0.1 mg/ml
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(ethylene glycol, monomethyl ether) that will yield 50% of the total volume. This _

mixture was stirred until the solids dissolved into solution. A citrate-acetate buffer was

then added to bring the solution up to 100%. The citrate-acetate buffer was prepared by

dissolving about 28.6 ml of acetic acid and 21.0 g of citric acid in approximately 850 ml

of distilled water. The solution was then mixed and the pH was adjusted to about 5.0

with an appropriate base (e.g., 10N sodium hydroxide). The volume of the solution was

then brought up to approximately 1 1 with distilled water. |

The éleaning results reported in Table 2 below are indicated as a percentage
improvement in protein inhibition as compared with a substantially identical cleaning
treatment utilizing only the ReNu® MPS control solution.

TABLE 2 .

In Vitro Cleaning Efficacy Results for
Luviquat® FC 370 in ReNu® MPS Solution

_ Protein Treatment Presoak %
No.of No.of Exposure Exposure w/Cationic Cleaning
Solution Lenses Cyvcles Conditions Conditions Polvmer  vs.
Control
1% Luviquat® 6 7 1h/37°C 3 b/t Yes 90
s 370 System
o 1% Luviquat® 9 4 20/37°C 4 h/rt. Yes 79
370 System _
1% Luviquat® 6 4 20h/37°C 4 h/rt. No 57
370 System : '
0.1% Luviquat® 6 4 " 20h/37°C 4 h/rt. Yes 30
370 System
1% Merquat® '8 -.- 7 1 W/37°C 3 b/t Yes 74
280 System
1% Merquat® . 6 4 20/37°C 4 b/rt. "No 25
280 System ‘
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4.  The contact-lens sol ution of claim1l or 2, canprising.93 to 99% by

wei ght water. 5. The cont act -1 eng* sol uti-en_of claim 1 wherein
sai d noderately charged pol yquat er nium pol yier is ‘present in an anount of
between 0.01 to 5.0 percent by weight. 6. The contact-1I ens

solution of claim1 or 2 wherein said noderately charged pol yquaterni um
copol ymer conprises 20 to 40 percent by nole net quaternary-am ne-
functional %pdemuat® ts9 4  7.20W3TRE cébirdct-| ensresol utioddof claim
1 or 2, whel8d Swstdme noderately charged pol yquat erni um polymer is a

copol ymer of jgM&aqea@ ek sel ecyed fropnisreCyr aup.tconsi stygzg of -7

al kyl - subst4 d‘é)tf'sgen?r unsubstituted vinylimdazole or vinylimdazolium
salts, wherelnthe al kyl group has 1 to 6 carbon atons, and

copol ynmeri zati on-conpati bl e m xtures thereof. 8. The cont act

I ens sol ution OfTHésélréBul!ts %oﬂtmhﬂfe%bmtfbheommﬁfgamwl &@M%lﬁﬂéryquaternl um
copol yner | rcen el ected

fromthe gr%ﬁ% C%E@stfveﬁémg?r %‘FﬁWﬂﬁ?‘?s&lq 8“1038’#5‘? ﬁl?hhﬁ' et ng‘fain Yaci d,
met hyl net hedogeathe amdonk efdpspizyne (protdin)aiepositipgon Glr@l;rrl\ktensesssFol‘rmamie,

the 1% Luviquat® 370 solution showed 79% less protein absorbed after four of the
cationic/lysozyme cycles with 20 hours exposure to protein in each cycle. Again,
however, for use in the present invention, the polymer must also meet the requirement
with respect to safety according to cytotoxicity testing such that, at a concentration
greater than 100 ppm, the polymer can be used in a contact-lens solution intended for
coating the lens when placed in the eye.

EXAMPLE 1 _
This example illustrates one embodiment of the present composition for
inhibiting protein deposition on contact lens. The components of the composition are as

follows:
TABLE 3
Ingredient mg/g _ % wiw
Polyhexamethylene Biguanide 0.009 0.0009
HCIl (as Cosmocil® CQ)
(20% w/w solution PAPB)
- Boric Acid _ 6.6 0.66

o Sodium Borate 1.0 - 0.1
Edetate Disodium 1.0 0.1
Sodium Chloride 4.9 0.49
Poloxamine 1107 10.0 1.0
Luviquat® FC 370 polymer 1.0% 0.1%*
(40% w/w.solution active ingred.) _
Hydrochloric Acid, IN adjust to pH 7.1-7.4
Sodium Hydroxide, IN adjust to pH 7.1-7.4
Purified Water, gs to 1.00 g 100%

*Prepare as Luviquat® FC 370, do not adjust for % active
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9. A _t‘ht)d of Imhibiting protei naceous deposits on a hydrophilic

cont act (a). . . treating the.¢ontact lens with an
aqueous @mmwl tlon corrprl SI ng at least @ne moderately charged
pol yquat eﬁnl 3] havi ng a wei ght avéi‘age rol €cul ar wei ght of 5,000
to 5,000,000 conprising 10 to 45 nol e percent of net

quat ernary-am ne-functional repeat units, wherein the noderately charged
pol yquat er ni um copol yner conprises quaternary-am ne-functional repeat units
derived from N, N-di met hyl - N- et hyl -am noethyl acrylate and nethacryl ate, 2-
et hacryl oxy@tByistcldimed iy amoni um  N- (3- met hacryl am dopr opyl') - NN N-

trimet hyl ammoni um 1-vinyl and 3-nethyl -.1-vi nyli m dazol e,

N-(3-acryl am do-3- nethyl butyl)-N, N, N-trinmethyl anmoni um

SL ( |3| nr:aéI hacr yI oxy} 2- hyﬂnaqywuepyﬂu)\ctbu&hd\éoldﬁonm ﬂsrybaimignhafannauon of protein
Iallyldi rret

3 2boSIETRY (iftac o L Gt A PG g elitionsmgriEng, 6
car bon at onsan effestibs tmounted ableastdae dnodetatsly clemgédipsly@raterniuirecopolymer

Qpht hal ol O%’a‘ifﬁlé ¥ wéféh{ Qvtélrfgesrﬂéaﬁacﬁﬁr vvaghtaorf%,(fb@qu %bi()%@%omprising 10 to 45
mole percent of net quaternary-amine-functional repeat units, wherein the moderately
charged polyquaternium copol}'fmer comprises quaternary-amine-functional repeat units
derived from N,N-dimethyl-N-ethyl-aminoethyl acrylate and rnethacrylate, 2-
methacryloxyethyltrimethylammonium, N-(3-methacrylamidopropyl)-N,N,N-
trimethylammonium, 1-vinyl and 3-methy1—1-viny1imidazolé, N-(3-acrylamido-3-
methylbutyl)-N,N,N-trimethylammonium, N-(3-methacryloxy-2-hydroxypropyl)-N,N,N-
trimethylammonium, diallyldimethylammonium, diallyldiethyjammonium, and
derivatives thereof in which an alkyl group having 1 to 6 carbon atoms is substituted or
added, their halides and other ophthalmologically suitable salt forms, and combinations
thereof, wherein the mole percent of net quaternary-amine-functional repeat units are the
mole percent of quaternary-amine-functional that are positively charged repeat units
minus the mole percent of anionic negatively charged repeat units in the polymer.

2. An aqueous contact-lens solution for preventing the formation of protein
deposits on a contact lens which contact-lens solution is an aqueous solution comprising
an effective amount of at least one moderately charged polyquaternium copolymer
having a weight average molecular weight of 5,000 to 5,000,000 comprising 10 to 45

c mole percent of net quaternary-amine-functional repeat units, wherein the moderately

. charged polyquaternium copolymer comprises quatemary-amine-ﬁmctidnal repeat units
in which the nitrogens are part of a saturated or unsaturated heterocyclic five or six
membered ring, wherein the mole percent of net quaternary-amine-functional repeat units
are the mole percent of quaternary-amine-functional that are positively charged repeat -
units minus the mole percent of anionic negatively charged repeat units in the polymer.

3. The contact-lens solution of claim 1 or 2 wherein the polyquaternium
copolymer is characterized by at least 10% SPE protein-binding inhibition.
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‘t hereof, wherein the nole percent of net quat ernary-am ne-functional repeat
units ar er cent of quaternary ami ne- f uncfi‘onal that are
posi_tiv E éed repeat  units mnus the nme] e pefcent” of anionic

ﬂ@

negativ Hm t units in the polyner; and (b) directly
instal |l mont act lens in the eyes of the wearer. 9.

A net hod of i nhi Bi t ¥ ng* pr ot ei naceous deposits on a hydrophilic contact lens. .

conpri si ng: : (a). treating the contact lens with an aqueous
contact -1 ens sol ution conprising at |east one noderately char% .

pol yquat er ni um cdpol yriEhe coatactaignasolatigrhef cainr bop2, rmm@clamsr%vte gt byoweighnoo
to 5,000, 00Q %onpr|5|ng 10.to 45 nol e percent of net

quat ernary- afAfe- f unct i onal repeat units, wherein the noderately charged
pol yquat er ni um copol ymer conprises quaternary-am ne-functional repeat units

i.n which the nit rﬁgensrlﬁrc%nﬂ@ir kn@golﬁtiéﬁéﬂﬂlﬁhﬁﬂwﬁéreﬁf‘@@d Hlbaéiﬁtil}héﬁa@gddcyd ic
five or six nmenbered rln%ﬁi‘ erein the nole

%?hcent § tb

quat ernar y- Meiyauateren;ng err‘%E’@é‘fml}hP‘i amoyrd Oriéf’eé)nl?erﬁ‘i‘n Y

quat er nar y- apdigig: f unct i onal that are positively charged repeat units mnus
the nol e percent of anionic negatively charged repeat units in the pol yner;
.and - (b) dlrectly installing the treated contact lens in the eyes

of the wearer. 6. Thekbntact-Ene sotetitroof ddinc] af rwhersin s20d wiederately chasged( a)

- conprises dail | bt‘rrhfﬁ Rt rh&9Singips-ut i on.
12. . A net hdd yqfuair %CB? %h@&n@@%{s&@g i‘g iﬁ} ellgns @'%% %gdrophl lic
contact | ensfungnoaphlemaﬁgn@a/e drops of a opht hal m)l ogically safe conposition

conpri sing a noder at el y charged pol yquat er ni um copol yner having a wei ght

aver age nol ecul ar_ wei of 5,000 to.5,0 I‘ISI n 10,to 45 rml
percent of net qufater %]éi?eﬁ"&iﬁch?ns polution Bi(irgi‘mi gﬁég’t IEFﬁ?‘P Wrdsrately ?}ii%’
nmoder at el y @W(ﬁlﬁ@nﬂﬁinwuﬁh@f 18 auapamef yhedons@iopter Selected from the group
quaternary- %Tnsr,igtniouofc atlky ri%%i)stift&tp d %i' unsub st1tufje rviri’y?%niigé%'ig cﬁ' %ﬂhﬁﬁfaﬂé’i uniléaqfshyl

wherein the alkyl group has 1 to 6 carbon atoms, and copolymerization-compatible

mixtures thereof.

8. The contact lens solution of claim 1 or 2 wherein the moderately charged
polyquaternium copolymer is a copolymer of up to 90 mole percent of a comonomer
selected from the group consisting of vmylpyrrohdone, acrylamide, acrylic acid, methyl
methacryate, and copolymenzatlon-compatlble mixtures thereof |

9. A method of inhibiting proteinaceous déposits ona hydrophilic contact

lens comprising:
(a) treating the contact lens with an aqueous contact-lens solution compnsmg

L

at least one moderately charged polyquaternium copolymer having a weight average
molecular weight of 5,000 to 5,000,000 comprising 10 to 45 mole percent of net
quaternary-amine- ~functional repeat units, wherein the moderately charged
polyquaternium copolymer comprises quaternary-amine-functional repeat units derived
from N,N-dlmethyl-N-ethyl-ammocthyl acrylate and methacrylate, 2-
methacryloxyethyltrimethylammonium, N-(3-methacrylamidopropyl)-N,N,N-
trimethylammonium, 1-vinyl and 3-methyl-1-vinylimidazole, N-(3-acrylamido-3-

- methylbutyl)-N,N,N-trimethylammonium, N-(3-methacryloxy-2-hydroxypropyl)-N,N,N-
trimethylammonium, diallyldimethylammonium, diallyldiethylammonium, and
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ém’ noethyl acrylate and nethacrylate, 2-nethacryloxyethyltrinethyl anmoni um
(3- rret hacrﬁl am doEropyI -N, N, N-t ri nmet hyl aném)ni u}rh - 1-vi nyl.--.'and

3 methy ml!mi ﬂ
N (3-ac ﬂﬂbutyl) NNI\I—trlrrethyIammnlum N-(3-

met hacryl oxy- 2- hydroxypropyl) N, N, N-tri net hyl anmoni um

- 24- . di al I yl di net hyl ammoni um. di al | yl di et hyl ammoni um and
derivatives thereof in which an alkyl group having 1 to 6 carbon atons is
substituted or added, their halides or other ophthal ol ogically suit bIe
salt forns, derivativsstherefiiomdicta allsyl gropmhaving b ieed pben pOMsdR FubsH

quat er nar y- 4ahBe heifildR0 #hd bEBEGhibiHnbReRhfy LIDIR BAASAAN cobinations
quat ernary-am ne uncti onal that "are OSItIVG| Yy char.ge % eat units nus
the nol e pertbesgef. ghergin m.molﬁésmwm QYR BRY" %B%&gm&ﬂ% JERRt 1] aﬁ%%

mole percent of quaternary-amine-functional that are positively charged repeat units

minus the mole percent of anionic negatively charged repeat units in the polymer; and
(b) directly installing the treated contact lens in the eyes of the wearer.

9. A method of inhibiting proteinaceous deposits on a hydrophilic contact
lens comprising:

(a) treating the contact lens with an aqueous contact-lens solution
comprising at least one moderately charged polyquaternium copolymer having a weight
average molecular weight of 5,000 to 5,000,000 comprising 10 to 45 mole percent of net
quaternary-amine-functional repeat units, wherein the moderately charged
polyquaternium copolymer comprises quatemary-axnine-ﬁlncfional repeat units in which
the nitrdgens are part of a saturated or unsaturated heterocyclic five or six membered
ring, wherein the mole percent of net quaternary-amine-functional repeat units are the
mole percent of quaternary-amine-functional that are positively charged repeat units
minus the mole percent of anionic negatively charged repeat units in the polymer; and

(b) directly installing the treated contact lens in the eyes of the wearer.

'11.  The method of claim 9 or 10 wherein step (a) compnses daily 1 1mmersm°
of the contact lens in the contact-lens solution.

i _ 12. A method of inhibiting the accumulation of proteins on a hydrophilic

) contact lens by applying eye drops of a ophthalmologically safe composition comprising
a modétately charged polyquaternium copolymer having a weight average molecular
weight of 5,000 to 5,000,000 comprising 10 to 45 mole percent of net quaternary-amine-
functional repeat units, wherein the moderately charged polyﬁuaternium copolymer
comprises quaternary—amme -functional repeat units derived from N,N-dimethyl-N-ethyl-

- aminoethyl acrylate and methacrylate, 2-methacryloxyethyltrimethylammonium, N-(3-

methacrylamidopropy!)-N,N,N-trimethylammonium, 1-vinyl and 3-methyl-1-
vinylimidazole, N-(3-acrylamido-3-methylbutyl)-N,N,N-trimethylammonium, N-(3-
methacryloxy—Z-hydroxypro_pyl)-N,N,N—trimethylammonimn,
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diallyldimethylammonium, diallyldiethylammonium, and derivatives thereof in which an
alkyl group having 1 to 6 carbon atoms is substituted or added, their halides or other
ophthalmologically suitable salt forms, and combinations thereof, wherein the mole
percent of net quaternary-amine-functional repeat units are the mole percent of
quaternary-amine-functional that are positively charged repeat units minus the mole
percent of anionic negatively charged repeat units in the polymer.
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