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solution and a nethod of using the solution for

absorption and controlled rel ease of conforting

conponents of the solution by hydrogel bionmaterials

to control) lens swelling and preserve visual acuity.
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aqueous environment for longer lasting wetting performance. The ophthalmic
solution of the present invention includes at least one cationic polyelectrolyte that
functions to control lens swelling caused by the absorption of high concentrations

of polyethers.

Background of the Invention:

Contact lenses in wide use today fall into two general categories.
First, there are the hard or rigid type lenses that are formed from materials
prepared by the polymerization of acrylic esters, such as poly(methyl
methacrylate) (PMMA). Secondly, there are the gel, hydrogel or soft type lenses

made by polymerizing such monomers as 2-hydroxyethyl methacrylate (HEMA)
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Such solutions typically contain viscosity enhancing agents, lubricants,
surfactants, buffers, preservatives, and salts. For example, Sherman discloses
in U.S. Patent Number 4,529,535 a rewetting solution that is particularly useful
for rigid silicone copolymer contact lenses, including extended wear lenses. In
one embodiment, the rewetting solution contains the combination of
hydroxyethylcellulose, poly(vinyl alcohol) and poly(N-vinylpyrrolidone).

Ogunbiyi et al. disclose in U.S. Patent Number 4,786,436 a wetting
solution comprising collagen and other demulcents such as
hydroxyethylcellulose, methylcellulose, carboxymethylcellulose,

hydroxypropylmethylcellulose, hydroxypropylcellulose and the like.
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Winterton et al. disclose in U.S. Patent Number 5,209,865 a
conditioning solution for contact lenses that comprises a combination of a
poloxamine and a poloxamer surfactant, each having an HLB (hydrophilic-
lipophilic balance) of seven or below. The solution according to the invention
forms a uniform hydrophilic film on a lens surface for which proteins have very
little affinity. As such, a contact lens contacted by the solution is said to have a
coating that provides a prophylactic effect to the lens.
Zhang et al. disclose in U.S. Patent Number 5,604,189 and U.S.

Patent Number 5,773,396 a composition for cleaning and wetting contact lenses
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wearer comfort, it is not desirable to alter lens dimensions from the
manufacturer’s finished product specifications through lens swelling. Some
compounds useful in ophthalmic solutions to increase contact lens wearer
comfort can cause lens swelling resulting in decreased visual acuity.

It would, therefore, be desirable to have an ophthalmic solution that
could be applied to a contact lens that not only rewets the lens but also provides

controlled release wetting of the lens over a period of time until such lens is



swelling typically associated with hydrogel contact
| enses treated with high concentrations of
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soft contact lenses, with controlled lens swelling to preserve visual acuity. The
ophthalmic solution of the present invention comprises polyethers based upon
poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene oxide), i.e., (PEO-PPO-
PEO), or poly(propylene oxide)-poly(ethylene oxide)-poly(propylene oxide), i.e.,
(PPO-PEO-PPO), or a combination thereof. PEO-PPO-PEO and PPO-PEO-
PPO, such as for example poloxamers and poloxamines, are commercially
available under the trade names Pluronics™, R-Pluronics™, Tetronics™ and R-
Tetronics™ (BASF Wyandotte Corp., Wyandotte, Michigan). Polyethers in the
subject ophthalmic solution exhibit ready absorption into hydrogel biomaterials

such as those used in the manufacture of soft type contact lenses. Polyethers in



i nvention, the one or nore polyethers rel ease slowy
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anionic contact lenses. By controlling lens swelling, visual acuity is maintained.
The subject ophthalmic solutions for multi-purpose treatment of contact lenses
are effective in disinfecting contact lenses and rewetting contact lenses while in
the eye, and are also suitable for use as lens packaging solutions.

Accordingly, it is an object of the present invention to provide an
ophthalmic solution that provides longer lasting wetting performance for hydrogel
contact lenses with controlled lens swelling.

Another object of the present invention is to provide a method for

using an ophthalmic solution to provide longer lasting wetting performance for

hydrogel contact lenses with controlied lens swelling.



Anot her object of the present invention is to provide
an ophthalmc solution and nethod for using the sane
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contact |enses. Another object of the present
invention is to provide an ophthalmc solution wth
conforting conponents that exhibit ready absorption
into hydrogel biomaterials. Still another object of
the present invention is to provide an ophthalmc
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Another object of the present invention is to provide an ophthalmic
solution with comforting components that exhibit ready absorption into hydrogel
biomaterials.

Still another object of the present invention is to provide an
ophthalmic solution with comforting components that release slowly from
hydrogel biomaterials into an aqueous environment.

These and other objectives and advantages of the present

invention, some of which are specifically described and others that are not, will

become apparent from the detailed description and claims that follow.

Brief Description of the Drawings:

FIGURE 1 is a graph of Group | controlled release of 1 percent

polyether solutions;



FIGURE 4 is a graph of Goup IV controlled rel ease of
5 percent pol yether solutions. Detail ed Description
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solution and a nethod of using the solution for
absorption and controlled rel ease of conforting
conponents of the solution by hydrogel bionmaterials
such as for exanple hydrogel biomaterials in the form
of soft contact |enses. Ophthalmc solutions of the
present invention preferably conprise greater than
appr oxi mef ESYRE Disra graphoyf Grsiuphitcamtroied yelehse of Sipeseent
upon pol y(et hyl ene oxi de) - pol y(propyl ene

pdlyéttier soltighst hyl ene oxide), i.e., (PEOC PPO-PEQ, or
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preferably, the ophthalmc solution of the present
palyetber seltienspri ses approxi mately 1.5 to 14 wei ght

percent and nost preferably between approxi mately 2

to 5 wei ght percent polyethers. Polyethers in the

subj ect ophthal m c solution exhibit ready absorption

Défailed Mekichintbn bf telneehtidre  such as those used in the
manufacture of soft type contact |enses. The subject
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the solution for absorption and controlled release of comforting components of
the solution by hydrogel biomaterials such as for example hydrogel biomaterials
in the form of soft contact lenses. Ophthalmic solutions of the present invention
preferably comprise greater than approximately 1 percent by weight of polyethers
based upon poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene oxide), i.e.,
(PEO-PPO-PEO), or poly(propylene oxide)-poly(ethylene oxide)-poly(propylene
oxide), i.e., (PPO-PEO-PPO), or a combination thereof. PEO-PPO-PEO and
PPO-PEO-PPO are commercially available under the trade names Pluronics™,

R-Pluronics™, Tetronics™ and R-Tetronics™ (BASF Wyandotte Corp.,



herein differs fromthe adsorption of surfactants onto
the surface of a contact |lens as disclosed by
wEnbpeddaso et al ., U S. Patent Nunmber 6, 440, 36@CT/US2004/008237
Pol yethers in the subject ophthal mc solution, after
absorption to a high concentration by a hydrogel
bi omaterial, exhibit slow rel ease fromthe hydrogel
bi omaterial over a period of time in an aqueous
environnent as illustrated in the graphs of Figures 1
through 4. In accordance with the present invention,
Wyaadplte yMichigan)r Moee preferabiyitiye bpbthadmigosaiutéemeotite present
lens into an eye's tear filmover a long time period
inventiqw colnprséaperoximatelynt Svet 14 weighepémentiand most preferably
i mproved lubricity, inproved end-of- the-day confort
betWdehepprSEniatsl 2@ Divefht pepdert pRPetRas! MbIg&AEACH the
| enses. The subject ophthalmc solutions in addition
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pol yethers. By controlling |ens swelling, visual .
abgonptign pkpeluethess mde thestmaterial enatey of grrantact lens described
pol yel ectrol ytes include for exanple but are not
herein diffdra fitomdhg uispeptioinuef sutfactants poteathersurfaeelaf a contact lens
pol yquat er ni um 16, pol yquat erni um 44 and
asdisyipset byrSalpekdr, etalt, L8 ePatem Nunpiodrg1440,868i URvH/Ethers in
avai | abl e under the trade nane LuviquatTM FC 370
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period of time in an aqueous environment as illustrated in the graphs of Figures 1
through 4. In accordance with the present invention, the polyethers release
slowly from a worn contact lens into an eye’s tear film over a long time period to
produce longer lasting wétting performance, improved lubricity, improved end-of-
the-day comfort and reduced feeling of dryness from wearing contact lenses.
The subject ophthalmic solutions in addition to polyethers likewise

include one or more, but at least one, cationic polyelectrolyte that functions to

control lens swelling caused by the absorption of high concentrations of



approximately 0.001 to 5 percent by weight and nore

preferably between approximately 0.01 to 0.5 percent
wwowesdgét of one or nore cationic pol yel ect rEdTyUE904/008237

for control of lens swelling. In accordance with the

present invention, the subject ophthalmc solution is

a nmul ti-purpose solution effective in disinfecting

contact |enses. The subject ophthalmc solution is

used for treating contact |enses prior to placenent

in the eye or is used by admnistering in the form of
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In accordance with the present invention, the subject ophthalmic
solution is a multi-purpose solution effective in disinfecting contact lenses. The
subject ophthalmic solution is used for treating contact lenses prior to placement
in the eye or is used by administering in the form of drops in the eye, or is used
for packaging contact lenses. For this purpose, solutions of the present invention
may include one or more antimicrobial agents as a disinfectant or preservative.
Suitable antimicrobial agents include for example but are not limited to 1,1'-
hexamethylene-bis[5-(p-chIorophenyl)bigua’nide] (Chlorhexidine), water soluble

salts of chlorhexidine, 1,1’-hexamethylene-bis[5-(2-ethylhexyl)biguanide]
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Sol utions of the present invention have a pH of about
6.0 to 8.0, and nore preferably a pH of about 6.5 to
w@2M4/08406adj ust the final pH, one or nore suiRGHUR004/008237
buffers may be added to the subject solutions such as
but not limted to ethanol am ne, diethanol am ne,
tri et hanol am ne, tronetham ne, borate, citrate,
phosphat e, bi carbonate, and various m xed buffers or
buffer systems. GCenerally, buffers will be used in
amounts ranging fromabout 0.05 to 2.5 percent by
(N/@wyne watafispliblecsalts of alexiding, mowwwamqibvleaﬁtblw;amde)
wei ght. Typically, ophthal mc solutions of the present
watev salubtnsalteoiptey (hexamethylene biguanids), 4uatetnasp@mmonium
tonicity adjusting agent, optionally in the formof a

edbersiid the: Ii@e Bigubnited a0y destrihethini 9. PriténtINuBbese to
i sotonic solution such that the osnolality is about
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chloride. These agents are typically used
paly(bexamethylgne higyapide) {PHME) ng from about 0.01 to 2.5
wei ght percent and preferably fromabout 0.1 to about

1.5 wei ghBolptor=of thel fresant inVadtidnehalesa pabdleatiaut 6.0 to 8.0,
optionally include in the subject solutions one or

ari@ﬁw%ré‘\@t'eﬁéréﬁw B oV A56@RB. 5 Yo 718, T8 agjust e ﬁﬁalpr one or more
exanple but not limted to hydroxypropyl met hyl

suftable'b@¥érs XY baa¢aeBMb tréslibeefSolufMe/§hEn as but not limited to

ethanolamine, diethanolamine, triethanolamine, tromethamine, borate, citrate,
phosphate, bicarbonate, and various mixed buffers or buffer systems. Generally,
buffers will be used in amounts ranging from about 0.05 to 2.5 percent by weight,
and preferably from 0.1 to 1.5 percent by weight.

Typically, ophthalmic solutions of the present invention include one
or more, but at least one, tonicity adjusting agent, optionally in the form of a
buffering agent, for providing an isotonic or close to isotonic solution such that
the osmolality is about 200 to 400 mOsm/kg, but preferably about 250 to 350

mOsm/kg. Examples of suitable tonicity adjusting agents include but are not
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vi nyl pyrrolidone) and pol y(vinyl al cohol). Because of
their denmul cent effect, viscosity builders have a
wa modesagsp t o further enhance the | ens wear er' P@OUS2004/008237
by means of a filmon the | ens surface cushi oning
i npact agai nst the eye. The subject solutions are
sterilized by heat or sterile filtration and
hernetically sealed. If used as a contactl ens
packagi ng solution, the solution is sterilized by
heat and hernetically sealed in a blister pack with a
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sterilized and hernetically seal ed, nay be used in
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of the present invention are described in stil
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20047 084960 PCT/ US2004/ 00823 MPLE 1- Use of

'Bl::'ﬁ’ r { ; Lens
p%&éﬁ@% .E'Iégﬁr evu em%beg%@gép‘(o\] %%%{glnggy ej%@ﬂ%égﬁ?m\?\er e
soaked in,the has est . solutions identjfi bel ow. i n
Table 1 MbMEVAS Ae dSTapRoPrRBRIY Eflidepihe Spiodt
pol yet hers added thereto as identified in Colum 1 of
sofudisins gnerar giare waden saldlle visgesity bHiders siebas fenexample but
m croscope. Wiile under the m croscope, the |enses
noidimitesitorhydgexy propylmetisy wellglos et hysitoxyathyheellalose, poly(N-
previously soaked in for four hours. Using inmaging
virapyrivélidoned and ot vingl sleehol).c Besaope of thedr dengicbnbéffect,

the dianeter of the | enses were neasured and recorded
vigtosit§ bull@eishAR! #¥eAdntb further enhance the lens wearer's comfort
by means of a film on the lens surface cushioning impact against the eye.

The subject solutions are sterilized by heat or sterile filtration and
hermetically sealed. If used as a contact'lens packaging solution, the solution is
sterilized by heat and hermetically sealed in a blister pack with a contact lens.
The subject solutions, if heat sterilized and hermetically sealed, may be used in
the absence of an antimicrobial agent.

The solutions of the present invention are described in still greater

detail in the examples that follow.
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2. Before neasuring and recording, the mcroscope was

first calibrated with a round disc of known 9.6 mMm
walioasetdes0. SureVueTM | enses are 14.0 nmin diBITRUS004/008237

the original packaging solution. The Control 1

solutions containing various anmount of polyethers

were found to increase the lens dianeter in a

pol yet her concentrati on-dependent manner, which was

effectively controlled when Luviquat FC550 and FC370

(Pol yquat er ni um 16) were added into the solutions. 13

‘ 0 ;

s\ﬁenin@ 1 Sol ution ASoI utlon B BOI‘IC Acid 0.85 0.85

0.85 Sodi h hat 15 0. 15 . Monob
Sodi um (F)’h%‘é' &Pzﬁt?ﬁa edggﬁ"??%% BP%%&)l"&eno aﬁieﬁd%the base

0.1 0.1 0.1 Sodium Chloride 0.26 0.26 0,26 PHVB**
tegt s_olqgtmnslldgnpfpﬁd belovhipn ah_ga,fqgfgur hoyspwith @ specified amount of

polyethers added thereto as identified in Column 1 of Table 2 below. The lenses
were then placed under a microscope. While under the microscope, the lenses
were submerged in the same solution they were previously soaked in for four
hours. Using imaging software connected to the microscope, the length of the
diameter of the lenses were measured and recorded as set forth below in Table
2. Before measuring and recording, the microscope was first calibrated with a
round disc of known 9.6 mm diameter. SureVue™ lenses are 14.0 mm in
diameter in the original packaging solution. The Control 1 solutions containing
various amount of polyethers were found to increase the lens diameter in a
polyether concentration-dependent manner , which was effectively controlled
when Luviquat FC550 and FC370 (Polyquaternium 16) were added into the

solutions.

13



WO 2000b8Bs0= Pol y( hexamet hyl ene bi guani de)

Luviguat FC370 - - 0.02 pH 7.0 7.0 7.0 Osnolality
(nmOsm Kg) 286 286 286 * HAP = Hydroxyal kyl phosphonate

2004/ 084960 PCT/ US2004/ 008237 TABLE 2 Test Results
Lens diameter after 4 hr soaking in the base test

sol ution Anount of Polyethers containing various
amount of polyethers (mllineters) Added to the Base
Sol ution Control 1 Solution A Solution B (Control 1
+Luvi quat (Control 1 + Luviquat FC550) FC370) 0%
Pol yethers 14.23 14.02 14.06 1% PT 14.23 13.98 14.02
2% PT 14.27 14.02 14.04 3% PT 14.27 13.98 14.08 5%
PT 14.36 14.06 14.02 5% FABLB2 13.98 14.04 P =

Pl uroni c F127
Base Test Solutions — Polyquaternium 16

14 \MOT/US2004/008237

Ingredients (W/w%) Control 1 Solution A Solution B
Boric Acid 0.85 0.85 0.85
Sodium Phosphate 0.15 0.15 0.15
Monobasic

Sodium Phosphate 0.31 0.31 0.31
Dibasic

HAP* (30%) 0.1 0.1 0.1
Sodium Chloride 0.26 0.26 0.26
PHMB** 1.1 ppm 1.1 ppm 1.1 ppm
Luviquat FC550 - 0.02 -
Luviguat FC370 - - 0.02
pH 7.0 7.0 7.0
Osmolality (mOsm/Kg) 286 286 286

* HAP = Hydroxyalkyl phosphonate
** PHMB = Poly(hexamethylene biguanide)

14



PT = Mxture of Pluronic F127 and Tetronic 1107 at a
2:1 ratio EXAMPLE 2 - Use of Pol yguaternium 10 to
wanot/nsibePol yet her | nduced Lens Swelling: To FQmu$em®04/008237
illustrate the effect of cationic polyelectrolytes in
control ling polyether induced I ens swelling, the base
test solutions identified in Table 3 bel ow were
tested according to the test procedures described in
Exanpl e 1 above. The test results are summari zed bel ow
in Table 4. Pol yquaternium 10 conpounds, represented
here by Pol yner JR 400, Polynmer LR 400 and Pol yner
LK, were found to be effective in controlling the |ens
swel ling. 15 WO 2004/ 0849dABIE 2US2004/ 008237 TABLE 3
Base Test Sol utions - PoTegsfuResults um 10 | ngredi ents
(Ww¥g Solution C Solution D Solution E Boric Acid

SR o0 Lens diarmeler after & Kingn e base test solution
Ambaéb%ﬁg%&ug} Th&g ﬁgafrﬁn various s trﬁillimeters)
Added to the Base Solution "~ Control 1 Solution A Solution B

(Control 1 +Luviquat  (Control 1 + Luviquat

FC550) FC370)
0% Polyethers 14.23 14.02 14.06
1% PT 14.23 13.98 14.02
2% PT 14.27 14.02 14.04
3% PT 14.27 13.98 14.08
5% PT 14.36 14.06 14.02
5% P 14.32 13.98 14.04

P = Pluronic'" F127
PT = Mixture of Pluronic F127 and Tetronic 1107 at a 2:1 ratio

EXAMPLE 2 — Use of Polyquaternium 10 to Control Polyether Induced Lens
Swelling:

To further illustrate the effect of cationic polyelectrolytes in
controlling polyether induced lens swelling, the base test solutions identified in
Table 3 below were tested according to the test procedures described in
Example 1 above. The test results are summarized below in Table 4.
Polyquaternium-10 compounds, represented here by Polymer JR 400, Polymer
LR 400 and Polymer LK, were found to be effective in controlling the lens

swelling.

15



Sodi um Chloride 0.26 0.26 0.26 PHWB** 1.1 ppm 1.1 ppm
1.1 ppm Polynmer JR 400 0.02 - - Polynmer LR 400 - 0.02
WO 2000b8ap@r LK - - 0.02 pH 7.0 7.0 7.0 Osnol atd/ys2004/008237
(mOsm Kg) 286 286 286 * HAP = Hydroxyal kyl phosphonat e
** PHVMB = Pol y(hexanet hyl ene bi guanide) TABLE 4 Test

Results Lens dianeter after 4 hr soaking in the base

test solution Amount of E,P@P Bl ock contai ni ng
vari ous anmount of polyeth l( M limeters) Polyners
Added to the gadd o) Sol ution
E Base Solution ?%%%%?gmdﬂi pO@%t&FﬁIPH'Il?Q_ LR
(Control I + LK) 400) 400) No Polyner (control) 14.23
14.15 14.11 14.11 1% PT 14.27 14.15 14.11 14.19 2%

Ingrediefits{w/we) 25 14. llsgigtion’c 570 Pl &6lutioh B4- 25 14 Sékition E

BO'l'ﬁNC?d S 1 18, 27 14.&85 14. 25 14. 130.85 0.85
Sodium Phosphate 0.15 0.15 0.15
Monobasic

Sodium Phosphate 0.31 0.31 0.31
Dibasic

HAP* (30%) 0.1 0.1 0.1
Sodium Chloride 0.26 0.26 0.26
PHMB** 1.1 ppm 1.1 ppm 1.1 ppm
Polymer JR 400 0.02 - -
Polymer LR 400 - 0.02 -
Polymer LK - - 0.02
pH 7.0 7.0 7.0
Osmolality (mOsm/Kg) 286 286 286

* HAP = Hydroxyalkyl phosphonate
** PHMB = Poly(hexamethylene biguanide)

TABLE 4
Test Results

Lens diameter after 4 hr soaking in the base test solution
Amount of PPO-PEO Block  containing various amount of polyethers (millimeters)

Polymers A_‘dded to the Control 1 Solution C Solution D Solution E
Base Solution (Control 1 + JR  (Control 1 + LR (Control 1 + LK)
400) 400)

No Polymer (control) 14.23 14.15 14.11 14.11

1% PT 14.27 14.15 14.11 14.19
2% PT 14.32 14.23 14.11 14.19
3% PT 14.27 14.23 14.23 14.19
5% PT 14.27 14.27 14.23 14.19
5% P 14.40 14.27 14.32 14.27

P = Pluronic'™ F127
PT = Mixture of Pluronic F127 and Tetronic 1107 at a 2:1 ratio
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5% P 14.40 14.27 14.32 14.27 P = Pluronic F127 PT =
M xture of Pluronic F127 and Tetronic 1107 at a 2:1
WO Z200i#/0849406 WO 2004/ 084960 PCT/ US2004/ 008237 BEXANPEAR043008237
- Preferred Formnul ation with a Borate-Phosphat e
Buf fer: The nulti-purpose |ens care formnul ation
identified as Solution Fin Table 5 below, is
illustrative of a preferred enbodi mrent of the present
i nvention using a borate-phosphate buffer. TABLE 5
Preferred Formulation Sol utlon F Amount (% w w) Boric
EXAMPLE 385> Pgeftirred Pounplad \ d BorateyPhospbate Buffer:
Phosphat e Di basic 0.31 Sodl um ChI oride 0.26 Pluronic

F127 2.0 THemutibarpbbeleds BareHbRhulatiotlidéntifiedRss 86Rition F in
JR 30M 0.02 PHMVB** 1.1 ppm

Table 5 below, is illustrative of a preferred embodiment of the present invention

using a borate-phosphate buffer.

TABLE 5
Preferred Formulation

Solution F Amount (% w/w)
Boric Acid 0.85
Sodium Phosphate Monobasic 0.15
Sodium Phosphate Dibasic 0.31
Sodium Chloride 0.26
Pluronic F127 2.0
Tetronic 1107 1.0
HAP* (30%) 0.1
Polymer JR 30M 0.02
PHMB** 1.1 ppm
pH 7.0
Osmolality (mOsm/Kg) 300

* HAP = Hydroxyalkyl phosphonate
** PHMB = Poly(hexamethylene biguanide)

17



pH 7.0 Gsnolality (nOsm Kg) 300 * HAP = Hydroxyal kyl

phosphonate ** PHMB = Pol y( hexanet hyl ene bi guani de) 17
wWOND020£2460084960 PCT/ US2004/ 008237 EXAMPLE 4 -PCT/US2004/008237

Preferred Fornulations with a Triethanol am ne Buffer:

The follow ng nmulti-purpose I ens care fornul ations

identified as Solutions G through J in Table 6 bel ow,

are illustrative of preferred enbodinents of the
present | nvention using a triet hanol am ne buffer
4 -pPreferrediFopmaatic it ethanel Buffer:

Control 2 Solution G Solution H SoI ution | Solution J

Tri et hanolkerfallewdiymultB parpbsedénd carecfotmBitions ddahtified as

Pluronic F127 1 1 1 1 1 Pluronic P123 0.2 0.2 0.2 0.2
SdlufiondFBTtAtosyH2In Pabld™ Belods afe MRStratIREf pldféired edrffddiments

0.159 0.159 0.159 0.159 1 N HC Adjust to Adjust to

of/fﬁ*é 5%sérﬁ .Mdf.%hds% ittisthah@aRtiHe buffel- 1 pH7. 1 pH7. 1
1 ppm ppm 1 ppm 1 ppm 1 ppm

TABLE 6
Preferred Formulations

Ingredients (W/w%) Control 2  Solution G SolutionH  Solution!  Solution J
Triethanolamine 99% 1.356 1.356 1.356 1.356 1.356
Pluronic F127 1 1 1 1 1
Pluronic P123 0.2 0.2 0.2 0.2 0.2
EDTA* 0.025 0.025 0.025 0.025 0.025
NaCl 0.159 0.159 0.159 0.159 0.159
1 N HCI Adjust to Adjust to Adjust to Adjust to Adjust to
pH7.1 pH7.1 pH7.1 pH7.1 pH7.1
PHMB** 1 ppm 1 ppm 1 ppm 1 ppm 1 ppm
Polymer JR 30M 0 0.02 0 0 0
Polymer JR 400 0 0 0.02 0 0
Polymer LR 400 0 0 0 0.02 0
Polymer LK 0 0 0 0 0.02
pH 7.14 7.14 7.14 7.14 714
Osmolality (mOsm/KﬁL 220 221 220 219 221

* EDTA = Ethylenediaminetetraacetic acid, sodium salt
** PHMB = Poly(hexamethylene biguanide)
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Pol yner JR 30M O 0.02 0 0 O Polyner JR 400 0 0 0.02 O

O Polymer LR 400 0 0 0 0.02 0O Polynmer LKO OO0 O
wOoR200£2084dd 7. 14 7.14 7.14 7.14 7.14 GCsnol al i t yCT/US2004/008237

(mOsm Kg) 220 221 220 219 221 * EDTA =

Et hyl enedi am netetraacetic acid, sodiumsalt ** PHVB

= Pol y( hexanet hyl ene bi guani de) 18 WD 2004/ 084960

PCT/ US2004/ 008237 EXAMPLE 5 - M crobi ocidal Efficacy

Study: To further illustrate the utility of the
present |nvent| on, a test was conducted to study the

! 3 i - Phs prepared according
to the present i nvention identified above in Exanpl es

3 and 4. Toéurthngriitastratbitie utility fof tecyreskbnemevbntidn tatest was

vari ous conpositions for the chem cal disinfection of
caifitichéd td ﬁﬁ&?%hé\/ﬂﬁc@%d@él etﬂnda&ytdt SoRtiBAS Prepdred Ht¥ording to

organic soil. Mcrobial challenge inoculuns were
BRI BEAUAETRNA FEEUSHBREY AT T Zimicrobi
AT Candi d | bi CC,10231) .. :
effiar LR b Le BhPuE ol R et gt Eiecton

cul tured on appropriate agar and the cultures were, )
CopGidepeRs W§§rﬁj’a§taé?$ InethepreseRes of FhGaapie saitf Miceapial
Saline plus 0.05 percent
challenge inoculums were prepared using Pseudomonas aeruginosa (ATCC

9027), Staphylococcus aureus (ATCC 6538), Serratia marcescens (ATCC
13880), Candida albicans (ATCC 10231) and Fusarium solani (ATCC 36031).
The test organisms were cultured on appropriate agar and the cultures were
harvested using sterile Dulbecco’s Phosphate Buffered Saline pius 0.05 percent
weight/volume polysorbate 80 (DPBST) or a suitable diluent and transferred to a
suitable vessel. Spore suspensions were filtered through sterile glass wool to
remove hyphal fragments. Serratia marcescens, as appropriate, was filtered
through a 1.2 um filter to clarify the suspension. After harvesting, the suspension
was centrifuged at no more than 5000 x g for a maximum of 30 minutes at 20 to
25 degrees Celsius. The supernatant was poured off and resuspended in
DPBST or other suitable diluent. The suspension was centrifuged a second time,

and resuspended in DPBST or other suitable diluent. All challenge bacterial and
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wei ght / vol une pol ysorbate 80 (DPBST) or a suitable
diluent and transferred to a suitable vessel. Spore
wonspsmsbons were filtered through steril e gl @ss/usoail/008237
to renove hyphal fragments. Serratia marcescens, as
appropriate, was filtered through a 1.2 mfilter to
clarify the suspension. After harvesting, the
suspension was centrifuged at no nore than 5000 x ¢
for a maximumof 30 mnutes at 20 to 25 degrees
Cel sius. The supernatant was poured off and
fungelisglbauspensionsDrpesTadjustediwith BRBSbpeotiier seitabledhigent to 1 x
suspensi on was centrifuged a second tinme, and
10%eteus pertdedtu/ml. DPRSEppropridhe celb ubhedriteatidni may be estimated by
chal | enge bacterial and 19 WD 2004/ 084960
midaslkig wme@ggaf tihe!BGsperEfin, fStERANBIeONSIngRI €

ajusted with BST or other suitable diluent to 1 x

sﬂ@&r et"eqsét ﬂgé@lgg%??%éﬁ@fh‘ AreGhile 490 nm. One tube

conc |on ma neasurlng

t ur bi d t

wg%ba%v%rﬁﬁo@mv&f% ﬁl@@@%ﬂ@ oo 5t B a i cfptenge
exanmpl e 490 nm One was prepared containj n% a
O’r'ﬁarﬁh'%mmE@Chltgbﬂ@f Ehe §@§¥'°%Eﬁ be |t%ﬂeﬁé‘fasc'ﬁﬁ13‘l‘ alfgkwith a

organi sm Each tube of the solution to be tested was 5
suspmnsiar etithei tebt ergapisepenticient tf prdvide adinabeguntiocfrhx 10°to 1 x
sufficient to provide a final count of 1 x 105 to 1 x

10D uLhL/ thie, vollrae \of therinoefilunt eot excaddim 1 pleresrted dhegarhple
percent of the sanple volume. Dispersion of the

vollRf! BEperRsios 6$ere|ﬂo@NIuH@Ma§>én§GréJ‘®/ SonBkiRg tiee séhple for at
east 15 seconds. The 1 nocul ated product was™ strored

Ie%%t 1@ 5%%(33@&90'?9 ake ulé;?b ﬂqb’&ucr'@!ééuﬁqé{fé d:oa{r? Jgu §tﬁ@é‘é}tees
Celsius. Aliquots in the amount of 1.0 mL were taken of the inoculated product
for determination of viable counts after certain time periods of disinfection. The
time points for the bacteria were, for example 1, 2, 3 and 4 hours when the
proposed regimen soaking time was four hours. Yeast and mold were tested at
an additional timepoint of 16 hours (4 times the regimen time). The suspension
was mixed well by vortexing vigorously for at least 5 seconds. The 1.0 mL
aliquots removed at the specified time intervals were subjected to a suitable

series of decimal dilutions in validated neutralizing media. The suspensions

were mixed vigorously and incubated for a suitable period of time to allow for
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for determnation of viable counts after certain tine
periods of disinfection. The tinme points for the
whaot/eswme were, for exanple 1, 2, 3 and 4 hourBECTAOE2004/008237
the proposed regi nen soaking tinme was four hours.
Yeast and nold were tested at an additional tinmepoint
of 16 hours (4 tines the reginen tine). The suspensi on
was m xed well by vortexing vigorously for at |east 5
seconds. The 1.0 nL aliquots renoved at the specified
time intervals were subjected to a suitable series of
neydesligationpf thei missobial ggentd dtheovigklgtgoaint of atganismawashe
suspensi ons were m xed vigorously and incubated for a
detaimiabten pppraptiabé dilutienst by ptdpanaticr of0iphiata piatee &4 egpticase
PCT/ US2004/ 008237 neutralization of the mcrobia
SOYIRGHT- (TSP fuit [Bddterig anatSaoups G BeRtBse\8gar (SDARY for Atsld and
i'n appropriate dilutions by preparation of triplicate

t j oy f.or j :

veBef The Daclief reCiesy oG ARTY rionbited RadiRrig HefradfCotsius
bacterial recover | at es re_Lncubat 0.t

fopfi BLicsdelf e [ ER) Baldtlpe Mlyfbpdandd 6%
recovery plates were incubaged at 20 to 30 . degrees

degrees Q@Yf’r'kﬁ ?qrvwotte fewidaxsaythe "I"W(id RAQYeRERGIRS ‘8’96? icabated
were incubated at 20 to 25 degrees Celsius for three

att29 toRedegrps. Cathivs doethage thsesir days. Tthe eMgragernumbper of
units was determ ned on countable plates. Countable

calbray fesmired anits was Hetérminéd onfaouptaile pldtes. Caantable prates refer
yeast, and 8 to 80 cfu/plate for nold except when

to Y RBRP R NaRI6F ¥asteAlland Wast, hdl®® 80 chiipihte for mold
dilution plates. The mcrobial reduction was then

excBbtWhBhedidtied Bfe SBESVEL BRI PP 076510 BilQiSHFpIatds. The

microbial reduction was then calculated at the specified time points. In order to
demonstrate the suitability of the medium used for growth of the test organisms
and to provide an estimation of the initial inoculum concentration, inoculum
controls were made by dispersing an identical aliquot of the inoculum into a
suitable diluent, for example DPBST, using the same volume of diluent used to
suspend the organism as listed above. Following inoculation in a validated
neutralizing broth and incubation for an appropriate period of time, the inoculum

control must be between 1.0 x 10° to 1.0 x 10° cfu/mL.

21



denonstrate the suitability of the medi umused for

grom h of the test organisns and to provide an
weenhd/embéoon of the initial inocul um concentr atR@MyS2004/008237

i noculum controls were nmade by dispersing an

i dentical aliquot of the inoculuminto a suitable

di luent, for exanple DPBST, using the sane vol une of

di l uent used to suspend the organismas |isted above.

Fol l owi ng inoculation in a validated neutralizing

broth and i ncubation for an appropriate period of

time, thelhegelitions weseevaluatrisbasrd eethe parformsancel 05

to 1.0 x 106 cfu/nL. 21 WD 2004/ 084960
re§UiFesnd efeied238 as tha dStamduhlooePraeecdurefal Didifectiag Sdoducts”

on the performance requirenent referred to as the

(hefdiRafier'thenstandosIe e &@stf)cundals&ja%te@@n the Dlspfedtion’ Efflcacy
(hereinafter the "stand-alone test") and is based

T(—%ﬁﬁg%? Yg@@f&% rﬁgtpe?r Igl g;W Pﬁ?eﬁégﬁgﬁé)ﬁ the %#&odﬂgﬁ& Brug
A o3 R 3 A 8, oo

procedure Thi s performn ui rement i s, conparable

dqes Qntﬁ’tr(‘éwa'l@d@t%fﬁeﬁﬁi%@ 1?@?'38 EPHNRES ERAuye figepmparable

| enses (revised 1995). The stand-al one test
tocmmtenédﬁ@sstan@argsﬁoredlsinf@tpnddmmtaqtﬂemaﬁsat@n@m 4995). The

i noculum of a representative range of m croorgani sns
stand-atsrieatdst shalteriges edisiiéctivig prodact witly a dtasdardtinoculum of a

predeterm ned tine intervals conparable with those

reg%ééﬂﬂat% fengelyt meFdQﬁQéﬁISH%Yarhﬁeétéﬁﬁishe-EhﬁeRiﬂtémfdf viability

riteria for a gi ven di sinfection period

lof 8f RAHRROHRLY iRt &8l ddimpdFable Wilh HRE/BERhich the

ion perlod 'S

product may be used. The primary criteria for a given disinfection period
(corresponding to a potential minimum recommended disinfection period) is that
the number Bf bacteria recovered per mL must be reduced by a mean value of
not less than 3.0 logs within the given disinfection period. The number of mold
and yeast recovered per ml must be reduced by a mean value of not less than
1.0 log within the minimum recommended disinfection time with no increase at
four times the minimum recommended disinfection time. Results of the
microbiocidal study are set forth below in Table 7. All forumlations tested passed

the primary criteria.
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the nunber of bacteria recovered per nL nust be

reduced by a nean value of not |less than 3.0 | ogs
wovob4rsasdhe gi ven di sinfection period. The numoarusados/008237

nold and yeast recovered per m nust be reduced by a

mean val ue of not less than 1.0 log within the

m ni mum r econmended di sinfection time with no increase

at four tinmes the m ni mumreconmended di sinfection

time. Results of the nicrobiocidal study are set

forth below in Tabl e 7. rum ati ons tested passed
the primary cr ﬁ?e éﬁﬂ p
PCT/ US2004/ 0 # esu o?i g%s
M cr obi oci da}" V3P 9§ 93"'(':1%9) W@aﬁ% nthe 1888 used in the
test) log reduction after A hr nfwtn solution.
Control 2 Sol ution Fogdedudtionaftsiot Dt of @xpesuse tq;sqletion
Solution J S thimEZSStho?\ P&olutidn@ Shlgion.H Saiht%n | FSolution J
S ADFdainosa 4.5 34.77 3. 4F. 5 4.42>4.5 48. Mar cgpcens >4.7
P. Ag,,g,-,maS 3.6 3.48.2 >hfH7 C. Abicans4l55 2. 542.4 1.4 5
S. Mhréesées F. Sol an53.4 4483.6 38 2.4 321 Wide therst5
C. Albicandown and desgsi bed bey ei n apipt hal i@ sol utiens, 1.6
F. sbpAr ogel substradgs and4roet hodsz.ef makprg and 208ing 3.1

e Sane, 1t . WmIiT be

While there is shown and described herein ophthalmic solutions,
hydrogel substrates and methods of making and using the same, it will be
manifest to those skilled in the art that various modifications may be made
without departing from the spirit and scope of the underlying inventive concept.
The present invention is likewise not intended to be limited to particular
ophthalmic solutions, substrates or methods described herein except insofar as

indicated by the scope of the appended claims.
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mani fest to those skilled in the art that various
nodi fi cati ons may be nade w thout departing fromthe

woemos/hg49eénd scope of the underlying inventive ROIMGEY04/008237
The present invention is |ikew se not intended to be
limted to particular ophthal mc solutions,
substrates or nethods descri bed herein except insofar
as indicated by the scope of the appended clains. 23
WD 2004/ 084960 PCT/ US2004/008237 We claim 1. A
solution for absorption into and controlled rel ease

Wewdaim:i ne from hydrogel bionmaterials conprising: one
or nore pol yethers and one or nore cationic

1.pol yRisehitionlfyt alssarptian irttolandi comtrofled Téleas®buér imedfom
claim1 wherein said solution contains greater than

abo%ydroéel%i@ﬁ%f&@s Qdm‘ﬁﬁ:bﬁ@? P°| yet hers. 3. Thge
solution"of claiml1l wherein said solution contains

abo '
2ol dnerr e PaveRErRnH e SERER sREROTE oL b T o
about 2.to0 5 percent by weight polyethers. 5. The
sol RAWPHf claim 1 wherein said sol ution contains
about 0.001 to 5 percent by weight cationic
pol yel ectrolytes. 6. The solution of claim1 wherein
said solution contains about 0.01 to 0.5
2. The solution of claim 1 wherein said solution contains greater than about

1.0 percent by weight polyethers.

3. The solution of claim 1 wherein said solution contains about 1.5 to 14

percent by weight polyethers.

4. The solution of claim 1 wherein said solution contains about 2 to 5 percent
by weight polyethers.
5. The solution of claim 1 wherein said solution contains about 0.001 to 5

percent by weight cationic polyelectrolytes.

6. The solution of claim 1 wherein said solution contains about 0.01 to 0.5

percent by weight cationic polyelectrolytes.
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percent by weight cationic polyelectrolytes. 24 WO
2004/ 084960 PCT/ US2004/ 008237 7. The sol ution of
watoni/ng4d6o0nher ei n sai d sol ution has a pH of abmaT/6S004/@8237
8.0. 8. The solution of claim1l wherein said solution
has a pH of about 6.5 to 7.8. 9. The solution of
claim1l wherein said solution includes about 0.05 to
2.5 percent by weight buffer. 10. The sol ution of
claim1l1 wherein said sol ution includes about 0.1 to
1.5 percent b ght buffer. 11. The solution of
7.cl ai theLsolntioro Cbamd‘ wherein said selutinnkas AeHf aevut 6.0 to 8.0,
buffers selected fromthe group consisting of
et hanol am ne, di ethanol am ne, triethanol am ne,
tromet ham ne, borate, citrate, phosphate and
8.bi carkwseiufion b2 claimel whétsin 8gidodolGticH Fad a\WHebLAHoR® .8 to 7.8.
solution includes one or nore tonicity adjusting
agents selected fromthe group consisting of sodi um
chloride, potassiumchloride, dextrose, mannose,

9. gycﬁl‘g@q 5%8@3# §k Plgxgngll \&ﬁ%l[}%% g/%ﬁ%bfﬁk%d'eg%bougo 05t0 2.5

PCT/ US2004/ 008237, 13. The solution of claim1 wherein

sai PeeePwelght Pulfies about 0.01 to 2.5 percent by
wei ght tonicity adjusting agent.

10. The solution of claim 1 wherein said solution includes about 0.1 to 1.5

percent by weight buffer.

11.  The solution of claim 1 wherein said solution includes one or more buffers
selected from the group consisting of ethanolamine, diethanolamine,
triethanolamine, tromethamine, borate, citrate, phosphate and

bicarbonate.

12.  The solution of claim 1 wherein said solution includes one or more tonicity
adjusting agents selected from the group consisting of sodium chloride,
potassium chloride, dextrose, mannose, gycerin, propylene glycol, calcium

chloride and magnesium chloride.
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14. The solution of claim1l wherein said solution
i ncludes about 0.1 to 1.5 percent by weight tonicity
wazjowssdvery agent. 15. The sol ution of clai m 1 REBUS004/008237
said solution includes one or nore viscosity
buil ders. 16. The solution of claim1 wherein said
sol ution includes one or nore viscosity builders
sel ected fromthe group consisting of
hydr oxypr opyl net hyl cel | ul ose, hydroxyethyl cell ul ose,
pol y(N- vinyl pyrrolidone) and pol y(vinyl alcohol). 17.
The solution of claim1 wherein said solution has an
osnol ality of about 200 to 400 nOsnf kg. 18. The
130l uThesolafior lofickairh Wwvhersim said sblstidruincludesaboan 0.01 to 2.5
osnol ality of about 250 to 350 nOsm kg. 26 WO
20044384968y RETHUEANGH/ 898267y addnt. The sol ution of
claim1, 2,” 3 or 4 whérei'n said pol yethers are based
upon pol y(et hyl ene oxi de) - pol y(propyl ene
oxi de) - pol y(et hyl ene oxi de) and pol y(propyl ene

14, T SQUHGF oD i B ioT e fEn S Ris 0 15

cationic polyelectraolytes are selected fromthe group
conhefeenipovelght ienieiteadivatina agentyol yquat er ni um 11,
pol yquat er ni um 16, pol yquat erni um 44 and

15. The solution of claim 1 wherein said solution includes one or more

viscosity builders.

16.  The solution of claim 1 wherein said solution includes one or more
viscosity builders selected from the group consisting of
hydroxypropylmethyl cellulose, hydroxyethyl cellulose, poly(N-

vinylpyrrolidone) and poly(vinyl alcohol).

17.  The solution of claim 1 wherein said solution has an osmolality of about

200 to 400 mOsm/kg.

18.  The solution of claim 1 wherein said solution has an osmolality of about

250 to 350 mOsm/kg.
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pol yquat erni um 46. 21. A nethod of using the solution
of claim1 conprising: contacting a hydroge
wzoosetse60 al with said solution. 22. A net hod rRIT/usko4n®s237
a solution for absorption into and controlled rel ease
over time froma hydrogel biomaterial conprising:
addi ng one or nore polyethers and one or nore cationic
pol yel ectrolytes in a solution. 27 WO 2004/ 084960
PCT/ US2004/ 008237 23. The nmethod of claim 22 wherein
greater than about 1.0 percent by weight polyethers
are added. 24. The nethod of claim 22 wherein about
1.5 to 14 percent by weight polyethers are added. 25.
19.he Time boltitioh of ickaimm 1 2, Bhaar4 ivheedin shidpélyethets Are
percent by weight polyethers are added. 26. The

met h%s@é u balﬁaﬂatﬁM@fe%ﬂdéﬁFa{mbwbheroiuo%r)@)dgqémlene

upon 0 et hyl’ene “oxi de) - po
L

propyl ene

The nethod of claim 22 wherein one or nore tonicity

adj

9 )g agents and optionally, one or nore

viscosity builders are added. 28

20.

21.

22.

The solution of claim 1 wherein said one or more cationic polyelectrolytes
are selected from the group consisting of polyquaternium 10,
polyquaternium 11, polyquaternium 16, polyquaternium 44 and

polyquaternium 46.

A method of using the solution of claim 1 comprising:

contacting a hydrogel biomaterial with said solution.

A method of making a solution for absorption into and controlled release
over time from a hydrogel biomaterial comprising:
adding one or more polyethers and one or more cationic polyelectrolytes

in a solution.
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WD 2004/ 084960 PCT/ US2004/ 008237 28. A solution for
absorption into and controlled rel ease over tine from

wolgawosgmsb bi omat erials conprising: boric aci dPCT/US2004/008237
nonobasi ¢ sodi um phosphat e, di basi c sodi um phosphate,
sodi um chl ori de, one or nore polyethers, one or nore
cationic polyelectrolytes and optionally one or nore
antimcrobial agents. 29. A solution for absorption
into and controlled rel ease over tine from hydroge
bi omateri als conprising: triethanolam ne, sodi um
chloride, one or nore polyethers, one or nore
cationic polyelectrolytes and optionally one or nore

23Nt | The hedthal cigRIinS22 Wherein gedater thanfalioua 1s® ppidedd by weight

into and controlled rel ease over tinme from hydroge
bi Onﬁélgéﬂ@@a%’ gegl ng: a buffering system one or
nore tonicity adjusting agents, one or nore
pol yet hers, one or nore cationic polyelectrol ytes and
optionally one or nore antim crobial agents. 29

24. The method of claim 22 wherein about 1.5 to 14 percent by weight

polyethers are added.

25. The method of claim 22 wherein about 2.0 to 5.0 percent by weight

polyethers are added.
26. The method of claim 22 wherein said polyethers are based upon
poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene oxide) and

poly(propylene oxide)-poly(ethylene oxide)-poly(propylene oxide).

27. The method of claim 22 wherein one or more tonicity adjusting

agents and optionally, one or more viscosity builders are added.
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WO 2004/084960 PCT/US2004/008237

28. A solution for absorption into and controlled release over time from
hydrogel biomaterials comprising:
boric acid, monobasic sodium phosphate, dibasic sodium
phosphate, sodium chloride, one or more polyethers, one or more
cationic polyelectrolytes and optionally one or more antimicrobial

agents.

29. A solution for absorption into and controlled release over time from
hydrogel biomaterials comprising:
triethanolamine, sodium chloride, one or more polyethers, one or
more cationic polyelectrolytes and optionally one or more

antimicrobial agents.

30. A solution for absorption into and controlled release over time from
hydrogel biomaterials comprising:
a buffering system, one or more tonicity adjusting agents, one or
more polyethers, one or more cationic polyelectrolytes and

optionally one or more antimicrobial agents.
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