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Backaround of the Invention:

Contact lenses in wide use today fall into two general categories,
hard and soft. The hard or rigid corneal type lenses are formed from materials
prepared by the polymerization of acrylic esters, such as poly(methyl
methacrylaie) (PMMA). The gel, hydrogel or soft type lenses are made by
polymerizing such monomers as 2-hydroxyethyl methacrylate (HEMA) or, in the
case of extended wear lenses, by polymerizing silicon-containing monomers or
macromonomers. Both the hard and soft types of contact lenses are exposed to
a broad spectrum of microbes during normal wear and become soiled relatively
quickly. Contact lenses whether hard or soft therefore require routine cleaning

and disinfecting. Failure to routinely clean and disinfect contact lenses properly
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U.S. Patent Number 4,361,548 discloses a contact lens disinfectant
and preservative containing dilute aqueous solutions of a polymer; namely,
dimethyldiallylammonium chloride (DMDAAC) having molecular weights ranging
from about 10,000 fo 1,000,000. Amounts of DMDAAC homopolymer as low as
0.00001 percent by weight may be employed when an enhancer, such as
thimerosal, sorbic acid or phenylmercuric salt is used therewith. Although lens
binding and concomitant eye tissue irritation with DMDAAC were reduced, it was
found in some users to be above desirable clinical levels.

Despite the availability of various commercially available contact
lens disinfecting systems such as heat, hydrogen peroxide, biguanides,

polymeric biguanides, quaternary ammonium polyesters, amidoamines and other

chemical agents, there continues to be a need for improved disinfecting
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The present invention relates to improved antimicrobial
compositions for disinfecting medical devices, such as, for example, but not
limited to contact lenses. More particularly, the present invention relates to the
use of an aminoalcohol buffer such as ethanolamine in ophthalmic solutions. It
has been found that compositions including an ethanolamine buffer exhibit
excellent disinfecting and/or preservative effect, surprisingly without the aid of a
borate buffer. The antimicrobial compositions of the present invention likewise
stabilize proteins already deposited on worn contact lenses to improve the
wearing comfort for contact lens wearers. The antimicrobial compositions of the
present invention are also useful for preservation of ophthalmic compositions
such as pharmaceuticals, artificial tears and comfort drops against microbial

contamination.
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using antimicrobial compositions in the disinfection of medical devices.

Another object of the present invention is to provide antimicrobial
compositions useful in ophthalmic systems for disinfecting contact lenses.

Another object of the present invention is to provide antimicrobial
compositions useful in preserving ophthalmic systems from microbial
contamination.

Another object of the present invention is o provide antimicrobial
compositions useful in ophthalmic systems for disinfecting contact lenses with
reduced or eliminated eye irritation.

Another object of the present invention is to provide a method of
making antimicrobial compositions useful in ophthalmic systems.

Still another object of the present invention is to provide a method
of making antimicrobial compositions useful as disinfecting and preservative

agents.
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DetaiipdDé¢saviptionfof theelnveri@nt | nventi on can be used with
all contact |enses such as conventional hard and soft
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contact lenses such as conventional hard and soft lenses, as well as rigid and
soft gas permeable lenses. Such suitable lenses include both hydrogel and non-
hydrogel lenses, as well as silicone and fluorine-containing lenses. Of primary
interest are soft lenses fabricated from a material having a proportion of
hydrophilic repeat units such that the water content of the lens during use is at
least 20 percent by weight. The term “soft contact lens” as used herein generally
refers to those contact lenses that readily flex under small amounts of force.
Typically, soft contact lenses are formulated from polymers having a ceriain
proportion of repeat units derived from monomers such as 2-hydroxyethyl
methacrylate and/or other hydrophilic monomers, typically crosslinked with a
crosslinking agent. However, newer soft lenses, especially for extended wear,

are being made from high-Dk silicone-containing materials.
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for disinfecting medical devices, particularly those soiled with proteinaceous
matter. The antimicrobial compositions of the present invention are also useful in
contact lens care solutions for disinfecting contact lenses. Compositions of the
present invention are preferably in solution in sufficient concentration to destroy
harmful microorganisms on the surface of a contact lens within the
recornmended minimum soaking fime. The recommended minimum soaking
time is included in the package instructions for use of the solution. The term
“disinfecting solution” does not exclude the possibility that the solution may also
be useful as a preserving solution, or that the disinfecting solution may be useful
for other purposes such as daily cleaning, rinsing, and storage of contact lenses,
depending on the particular formulation containing the subject compositions.
Additionally, compositions of the present invention can be used in conjunction

with other known disinfecting or preserving compounds if desired.
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Administration) regulations. The solution should be sterile in that the absence of
microbial contaminants in the product prior fo release must be statistically
demonstrated to the degree necessary for such products.

Compositions of the present invention include one or more
antimicrobial agents, more preferably one or more biguanides, present in a total
amount of from approximately 0.000001 to approximately 0.05 percent by weight
based on the total weight of the composition. Suitable antimicrobial agents
include for example but are not limited to 1,1’-hexamethylene-bis[5-(p-

chlorophenyl)biguanide] (Chlorhexidine) or water soluble salts thereof, 1,1'-

hexamethylene-bis[5-(2-ethylhexyl)biguanide] (Alexidine) or water soluble salts
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aminoalcohol buffers, such as ethanolamine buffers, present in a total amount of

from approximately 0.02 o approximately 3.0 percent by weight based on the
total weight of the composition. Suitable aminoalcohol buffers include for
example but are not limited to monoethanolamine (MEA), diethanolamine (DEA),
triethanolamine (TEA), 2-amino-2-methyl-1,3-propanediol (AMPD), 2-
dimethylamino-2-methyl-1-propanediol (DMAMP), 2-amino-2-ethylpropancl
(AEP), 2-amino-1-butanol (AB) and 2-amino-2-methyl-1-propanol (AMP), but
preferably MEA, DEA or TEA.

Compositions of the present invention may likewise include at least
one surfactant that has known advantages in terms of cleaning efficacy and
comfort. Suitable surfactants include for example but are not limited to

polyethers based upon poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene



t hereof, pol y(hexanet hyl ene bi guani de) or water
sol ubl e salts thereof, polyquaternium1l and

W@ @846 y anmoni um esters. Biguani des are deBCT/UREd4/008306
in US. Patent Nunmbers: 5,990,174; 4,758,595 and
3,428,576, each incorporated herein inits entirety
by reference. The preferred antim crobi al agents due
to their ready comercial availability are
pol y(am nopr opyl bi guani de) (PAPB), also conmonly
referred to as pol y(hexanet hyl ene bi guani de) (PHWVB),

11 < Lo : :
ox?%igﬁ-uwrﬁe@-?%l d-?g%?bf&ﬁ%@@%@%@%ﬁéE?E"%?@JEk'?.H%LHX"O‘Q)-
pobiBIPPETE AN i (PRI PO EPQhasebimPRetof dhefEor PEO-
anount of fromapproximtely 0.02 to approximtely
PPOER m@rﬁP@yPﬁ&lgﬁp HEUNBHRIGA Y a‘t%'ﬁgl% yRAeyrne dfade
t he conposition. Suitable am noal cohol buffers include

nahtgs Plexamips ¥, RsPluaoricabt, Tetronicsd” aodRletohinsd! 4AAGE
(MEA), diethanolam ne (DEA), triethanolamne (TEA),

WeardBtROC SrgTEWYshditd; Michigerg dindl are AMEYr, débcribed in U.S. Patent
di met hyl am no-2- net hyl - | - pr opanedi ol ( DVAMP) ,

B S MAEERRER hr Rl oy S dimhanobky
suifagtanty e 7 ae B cpupepiRh sHoBPhEpake FER 1 oare
souBiamong! bR GBI ACLTTMH bR S pr B ou
are not limted to

Likewise, it may be desirable to include one or more water-soluble
viscosity agents in the subject composition. Because of the demulcent effect of
viscosity agents, the same have a tendency to enhance the lens wearer's
comfort by means of a film on the lens surface cushioning impact against the
eye. Suitable viscosity agents include for example but are not limited to cellulose
polymers like hydroxyethyl or hydroxypropyl cellulose, carboxymethyl cellulose,
povidone, polyvinyl alcohol and the like. Viscosity agents may be employed in
amounts ranging from about 0.01 to about 4.0 weight percent or less.

Compositions of the present invention when in solution may
likewise include one or more buffers, or a buffering system in addition to the

aminoalcohol buffer, to adjust the final pH of the solution. Suitable buffers include

for example but are not limited to phosphate buffers, borate buffers,
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Compositions of the present invention may likewise include one or
more fonicity agents to approximate the osmotic pressure of normal lachrymal
fluids which is equivalent to a 0.9 percent solution of sodium chloride or 2.5
percent glycerin solution. Examples of suitable fonicity agents include but are
not limited to sodium and potassium chloride, dextrose, mannose, glycerin,
calcium and magnesium chloride. These agents are typically used individually in
amounts ranging from about 0.01 to 2.5 percent w/v and preferably, from about
0.2 to about 1.5 percent w/v. Preferably, the tonicity agent is employed in an
amount to provide a final osmotic value of 200 to 450 mOsm/kg and more

preferably between about 220 to about 350 mOsm/kg, and most preferably

between about 220 to about 320 mOsm/kg.
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Example 1 - Preparation and Testing of Biguanide-Based Compositions

With and Without Triethanolamine (TEA):

A test was conducted to study the microbiocidal efficacy of
solutions prepared according to the present invention with TEA as compared to
ihe same solutions prepared without TEA . The fest solutions are identified
below in Table 1. The antimicrobial efficacy of each of the solutions for the
chemical disinfection of contact lenses was evaluated. Microbial 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
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DPBST or other suitable diluent. The suspension was centrifuged a second time,
and resuspended in DPBST or other suitable diluent. All challenge bacterial and
fungal cell suspensions were adjusted with DPBST or other suitable diluent to 1 x
10" to 1 x 10® cfu/mL. The appropriate cell concentration may be estimated by
measuring the turbidity of the suspension, for example, using a
specirophotorneter at a preselected wavelength, for example 420 nm. One tube
was prepared containing a minimum of 10 mL of test solution per challenge
organism. Each tube of the solution to be tested was inoculated with a
suspension of the test organism sufficient to provide a final count of 1 x 10° to 1 x

10° cfu/mL, the volume of the inoculum not exceeding 1 percent of the sample

volume. Dispersion of the inoculum was ensured by vortexing the sample for at
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Wth and Wthout Triethanolam ne (TEA): A test was
conducted to study the m crobiocidal efficacy of

W@ elswnes prepared according to the present i PWENS10041008306
with TEA as conpared to the sanme solutions prepared
wi thout TEA. The test solutions are identified below
in Table 1. The antim crobial efficacy of each of the
solutions for the chem cal disinfection of contact
| enses was eval uated. M crobial challenge inoculunms
wer e prepared usi ng Pseudononas aerugi nosa (ATCC

h 0 5 e tia
R {8 seenhay TR TR A R MO o R0 {0 R0bRes
10231 nd .Fusgri um so ' TCC 36031). The test 11
0TG5 35 TiscTOus0 1 -0 1S Gakeat pidhg mesaated product
cultured on appropriate agar and the cultures were
for; gleferstination;e wgb@t@unﬂ%a erstAl timerperigstssefaligofactiond The
Saline plus 0.05 percent wei ght/vol une pol ysorbate 80

i BREBETs for thee Badterd Wwereli fouexampled 1t 2ad shdrd Roursavigen the
sui tabl e vessel. Spore suspensions were filtered

pitdposyd el $SalGh@ GmeWad fauR hoUPSTOYBa&tyatnold were tested at
fragnents. Serratia narcescens, as appropriate, was

an bbHRLRLI ﬁ'hBR?ftﬁng ﬁgﬂﬂ\r’)ég t nﬁghla% me Fsééqgﬁleﬁrtfrﬁér?. t'IIEV\}/gessuspension

suspensi on. r pensi o

B Wi MRy 7 B, BROR 8o eoRg D

allsqu o(?sr Pe%gcéd \glta%epsopuerc%%dot%e ?rﬂcdarvra?ss\lijvzpee QS t()ajgctierc]i to a suitable
series of decimal dilutions in validated neutraliéing media. The suspensions
were mixed vigorously and incubated for a suitable period of time to allow for
neutralization of the microbial agent. The viable count of organisms was
determined in appropriate dilutions by preparation of triplicate plates of trypticase
soy agar (TSA) for bacteria and Sabouraud dexirose agar (SDA) for mold and
yeast. The bacterial recovery plaies were incubated at 30 to 35 degrees Celsius
for two to four days. The yeast recovery plates were incubated at 20 to 30
degrees Celsius for two to four days. The mold recovery plates were incubated
at 20 to 25 degrees Celsius for three to seven days. The average number of

colony forming units was determined on countable plates. Countable plates refer

to 30 to 300 cfu/plates for bacteria and yeast, and 8 to 80 cfu/plates for mold

13



DPBST or other suitable diluent. The suspension was

centrifuged a second tine, and resuspended in DPBST
wW@eooehsuses sui t abl e diluent. Al chal | enge bacteei/ak20a410h8306

fungal cell suspensions were adjusted with DPBST or

other suitable diluent tol x 107 to | x 108 cfu/niL.

The appropriate cell concentration nay be estimted by

nmeasuring the turbidity of the suspension, for

exanpl e, using a spectrophotoneter at a presel ected

wavel ength, for exanple 490 nm One tube was prepared

TN RN 50 L LD ol

teste s.inocul ated with a suspension of the tes
"B‘Ffeélﬁ?é% l&%@ﬂ.\%@%ﬁmf@'wwdcﬁé the spaeified ima p@ﬂtsaarad recorded
105 to | x 106 cfu/nL, the volunme of the inocul um not

as sebiatitbelowge able 20fin prderdadeimonsiratertne suliability of the

of the inoculumwas ensured by vortexing the sanple

nfedliuratuséad fYRNAH /0P 8t g SIS MSSA0S/ 16BdB an éstagatiokPof the
seconds. The inocul ated product was stored at 10 to 25

inHRY IRRBurFRoRLEStratid, %&tﬁjmrboh%lse\ﬁ@ﬁén@aeé by Hspersing an

were taken of the |nocu ated product

ld@ﬁflsél Iﬁﬁ@f @lnthgf ?J&ﬁn% Qhﬁ?tﬂgtdﬂggﬁﬁiéra%%élﬁg)PBST, using

b t ours  when
e er&%@%@%ﬁfﬁhﬁ G hngend ths GBENISGn Pl aHove.
Yeast and nold were tested at an additional tinmepoint

Fellowipg iradation in; ansalidaied peyiralizing brath anttHacuhatissrfor an

appropriate period of time, the inoculum control must be between 1.0 x 10° to 1.0
x 10° cfu/mL. The solutions were evaluated based on the performance
requirement referred to as the “Stand-Alone Procedure for Disinfecting Products”
(Stand-Alone Test) and is based on the Disinfection Efficacy Testing for contact
lens care products under the Premarket Notification (510(k)) Guidance Document
for Contact Lens Care Products dated May 1, 1297, prepared by the U.S. Food
and Drug Administration, Division of Ophthalmic Devices. This performance
requirement does not contain a rub procedure. This performance requirement is
comparable to current ISO standards for disinfection of contact lenses (revised
1995). The Stand-Alone Test challenges a disinfecting product with a standard

inoculum of a representative range of microorganisms and establishes the extent

14



was m xed well by vortexing vigorously for at |east 5
seconds. The 1.0 nL aliquots renpbved at the specified

WO pove/084se@r val s were subjected to a suitable BEFUER04608306
decimal dilutions in validated neutralizing nedia. The
suspensi ons were m xed vigorously and incubated for a
suitable period of tinme to allow for neutralization
of the m crobial agent. The viable count of organisns
was determned in appropriate dilutions by
preparation of triplicate plates of trypticase soy

L TSA), _for cterig.and. Sabour aud dextrose, agar, .
of Q3155 ab PledRREDEE S VRl Rpr SRbleadl ghe during
“&kﬁﬁfﬁ were incubated at_30 to 35 degrees Celsius for
& Rredictyngy betisedy Jhe prigapyetona fef & givigadisinfection
i ncubated at 20 to 30 degrees Celsius for two to four
perEgd,. cotres pepdingrie copetential mindwumereeommemdeadedisinfectizh period,
to 25 degrees Celsius for three to seven days. The
isethat thgenurbbeof dcteris revtwefad pengLunisthernariudet &y ArGin
on countable plates. Countable plates refer to 30 to

v i i 5 onsieg 2o ek ., o rumber

o P 5R0 944 R0 167 T IR LB BRVRINE ot s

m c ial .reduction was then cal culated at the | .
el Bodwitihie DM EsrortoerstoBlntu@h 4s ithap nprease
in Table 2. In order to denpbnstrate the suitability of
atfieur timag; thaniskaumgecemavansesk disiatactiondimg.sns and to
provi de an estimation of the

15



initial inoculumconcentration, inoculumcontrols were
made by dispersing an identical aliquot of the

WO p@weis46p6 i Nt 0 a suitable diluent, for exanpl epCPBKNDN4/008306
using the sanme volune of diluent used to suspend the
organismlisted above. Follow ng inoculation in a
val i dated neutralizing broth and incubation for an
appropriate period of time, the inoculumcontrol nust
be between 1.0 x 105 to 1.0 x 106 cfu/nL. The
solutions were eval uated based on the performance
requi renent referred to aSI'A%EE'ﬁSt and- Al one Procedure
for Disinfecting Products” t and- Al one Test) and is

based on t L Si.Rhf i Ef finfAC stin or, cont act
| ens care f&%&?ﬂl@ﬁ%ﬁ@ﬁﬂﬁ?&rM@Hﬁi‘tgﬁfethamqmm on
ﬁwﬁxcumsn for Contact Lens Care
I y — 1900V Prgf:grpr‘l l{)} the \ES._ Fodu
and Drug Adm nistration, D vision of Ophthalmc
TrigthpaelemimgiHCloer f o@fance 0.7 equi@.@nent0 does Mt 0.7
contain a rub procedure. This performance requirenent
Plusonic &11@#r abl e to ctirrent 0l SO standardg for 1

di si nfection of contact |enses (revised 1995). The

Pigt@id PAl2gne Test chabl enggs a digbnfechbng pgeduct g
with a standard inoculumof a representative range 0

“O0cedi e LSRR ECPite, YUy 0000
ORBRg ™ Whi oh the Bl-Bauct Oy be used.0fhe fbnary 0.
Nc&iteria for a given disinfection

a 0.132 0.132 0.327 0.358 0.202 0.132

AMPD 0.2107 0.2107 0.2107 0.2107 0 0
PHMB (ppm) 1 1 1 1 1 1
pH 7.1 7.12 7.09 7143 711 7.07

Osmolality (mOsm/Kg) 226 216 219 231 222 238
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period, corresponding to a potential m ninmm
recomended di sinfection period, is that the nunber
w@boobagtees i a recovered per nL nust be reduced PYT/EHSI00H008306
val ue of not less than 3.0 logs within the given
di sinfection period. The nunber of nold and yeast
recovered per m nust be reduced by a nean val ue of
not less than 1.0 log within the m ni mumreconmended
disinfection tinme with no increase at four tines the
m ni mum r econmended di sinfection tinme. 15 WO _
2004/ 084626 PCT/ US2004/ 00884y¢; gHABLE 1 Test Sol utions
Wth and Wthout Triethanolamne Ingredients (wWw¥4g A

BCDEFE [, etbangl.ani 0.7 0. 7 .7 0.7

Pl ur oni !.:ng%dl.j_cq)()q%f?ef ‘{fﬁﬂ%’&ms&"%i%%e@t %°8u@?'250. 2

0.2 0.2 EDTA 0.025 0.025 0.025 0.025 0.025 0.025
A@gge,in 0.6 0As 00 B0 6 €6 NacD o 132E0. 132 (F 327

0.358 0.202 0.132 AM PD 0.2107 0.2107 0.2107 0.2107 0
SoauredsB (ppm) 4.21 1 135 1 >45 >45  >45 45

P. aeruginosa >4.5 4.0 >4.5 >4.6 >4.5 >4.5

S. marcescens >4.6 34 43 1.4 4.4 >4.6
C. albicans 2.2 2.1 1.1 >4.5 1.7 2.1
F. solani 4.1 3.3 3.2 2.7 3.7 >4.3

Denaturing of tear proteins on soft contact lenses is a common
problem. Once proteins denature on the lens, they are difficult to remove, reduce
lens clarity, may cause allergic reactions for the wearer, and can aci as
attachment sites for infectious microorganisms. Lysozyme, especially is a
potentially troublesome tear protein insofar as high water, about 55 percent
water, contact lenses are concerned because lysozyme is a positively charged
protein that is readily attracted to the negatively charged lens surface. An in vitro

assay was developed to determine the ability of a test solution to retard lysozyme

17



pH 7.1 7.12 7.09 7.13 7.11 7.07 Osmolality (mOsni Kg)
226 216 219 231 222 238 16 WD 2004/ 084626
wERONANSERO4/ 008306 TABLE 2 Log Reducti on Aft ePCHUS®04/008306
Exposure to Test Solutions Agent ABCDEF S
aureus 4.2 3.5 >4.5 >4.5 >4.5 4.5 P. aeruginosa >4.5
4.0 >4.5 >4.6 >4.5 >4.5 S. marcescens >4.6 3.4 4.3
1.4 4.4 >4.6 C albicans 2.2 2.1 1.1 >4.5 1.7 2.1 F.
solani 4.1 3.3 3.2 2.7 3.7 >4.3 Denaturing of tear
proteins on soft contact |enses is a comon problem
dERSRIiAGOUR IS 2488t & SBck BEILLIBADF ysBE%m@riﬁ i#Btf)ﬁibcblgréte
clarity, may cause allergic

to renove, reduce |ens
I QNS of 1 t . tach t .
B el @) S e Ry sBPBRRLARE syl R Sobk solution
BBy o B b Bom SR oo
contact |enses are concerned because |ysozyne is a
ah 62 deglrasyCelslisder 15 priputssHn erkat water balti | Aftartthe anikkde is

to the negatively charged | ens surface. An in vitro
removed from the heating bath, it is allowed to cool to room temperature before it

is visually inspected for signs of protein denaturing as evidenced by the formation
of a white precipitate. The following scale was used to measure the extent of

protein stabilization.

+bbt Clear solution

++i+ Slightly hazy solution
+++ Hazy solution

++ Slight precipitation

+ Significant precipitation

The results obtained for solutions of Table 1 above are set forth below in Table

3.
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assay was devel oped to determne the ability of a test

solution to retard |ysozyne 17 WO 2004/ 084626
weERONANSERO4/ 008306 denaturing. In this assay,PEr/lSHN4/008306

stock solution of lysozynme in isotonic borate

buffered saline (pH = 7.0) is freshly prepared, and an

al iquot of this stock solution is mxed with an equa

aliquot of a test solution. The resulting mxture is

heated at 75 degrees Celsius for 15 minutes in a hot

wat er bath. After the mxture is renoved fromthe

heating bath, it is aIIO\Aa(:/lu cool to room
tenperature before it is |§ggl:?y i nspected for signs
of protein denaturing_as, evidenced by the formation

of a white precipitat Erotgia Stabilizatieh scal e was used

to neasure the extent of protein stabilization. +++++
Cear solution +++A SlightBy haz@ solutilbn ++E Hazy F

solution ++ Slight precipitation + Significant
Ppotein tabdiization The+resul t s+-pbt ai red+for sebuti eBs+0f 4444+
Table 1 above are set forth belowin Table 3. 18

Example 2 - Preparation and Testing of Biguanide-Based Compositions

With Mono- vs. Di- vs. Tri- Ethanolamine Buffers:

A test was conducted to study the microbiocidal efficacy of
solutions prepared according to the present invention with mono-, di- or tri-
ethanolamine. The test solutions are identified below in Table 4. The
antimicrobial efficacy of each of the solutions for the chemical disinfection of
contact lenses was evaluated. Microbial challenge inoculums were prepared as
described above in Example 1. The microbial reduction was then calculated at
the specified time points and recorded as set forth below in Table 5. In order to
demonstrate the suitability of the medium used for growth of test organisms and
to provide an estimation of the initial inoculum concentration, inoculum controls

were made as described above in Example 1.
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WO 2004/ 084626 PCT/ US2004/ 008306 TABLE 3 Protein
Stabilization ABCDETF Protein Stabilization +++++
WO0-2004/084626++ +++ +++++ +++++ Exanple 2 - PrepaP@l/Us2v04/008306

and Testing of Biguani de-Based Conpositions Wth
Mono- vs. Di- vs. Tri- Ethanolam ne Buffers: A test
was conducted to study the m crobiocidal efficacy of
sol uti ons prepared according to the present invention
with nmono-, di- or tri- ethanolam ne. The test
solutions are identified belowin Table 4. The

antim crobial efficacy of f the solutions for
the chem cal disinfection' 0 contact |enses was

eval uated. M crobi al,. | | enge nocu ared
as des@ﬁtb%ﬂuﬁ'ﬁngwtﬂ@ﬁﬂbg bﬁ! ﬁpgggﬁﬁ%%
reducti on was then cal cul at ed at the specified tine
Ingredientsi(wWiwbtor dedGas set fdlth helowlin Table 5. In
order to denonstrate the suitability of the nmedium

TricsRandlamims oavh of 1.856 orgarl sns and Qo provide an
estimati on of the initial inoculumconcentration,

D A % 254/ 084626 peT] US20041 008306
Monoethanolamine 99.9% 0 0 0.55
Pluronic F127 1 1 1
Pluronic P123 0.2 0.2 0.2
EDTA 0.025 0.025 0.025
NaCl | 0.159 0.069 0.126
1 NHCL Adjust io Adjust o Adjust to
pH 7.1 pH 7.1 pH 7.1
PHMB (ppm) 1 1 1
pH 7.14 7.16 7.07
Osmolality (mOsm/Kg) 220 218 217
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TABLE 4 Test Solutions Wth Mono- vs. Di- vs. Tri-
Et hanol am ne Ingredients (Ww¥ G H I

wareioendar©l am ne 99% 1. 356 0 0 Di et hanol am neP@PUSHND008306
0.947 0 Monoet hanol am ne 99.9% 0 0 0.55 Pluronic F127
111 Pluronic P123 0.2 0.2 0.2 EDTA 0.025 0.025
0.025 NaCl 0.159 0.069 0.126 1 N HCL Adjust to
Adj ust to Adjust to pH 7.1 pH7.1 pH 7.1 PHWB ppm 1
1 1pH7.14 7.16 7.07 GOsnolality (nOsm Kg) 220 218
217 20 WD 2004/084626 PCT/ US2004/ 008306 TABLE 5 Log
Reduction After 4 Hour Exposure to Test Sol utions

TABLE 5

Log Reduction After 4 Hour Exposure to Test Solutions

Agent G H |
S. aureus >4.7 >4.7 >4.7
P. aeruginosa 4.5 >4.5 >4.5
S. marcescens 4.5 >4.5 3.9
C. albicans 1.5 1.5 1.2
F. solani 3.4 4.2 >4.4

An in vitro assay was developed as described above in Example 1
to determine the ability of a test solution to retard lysozyme denaturing. The
same scale was used to measure the exient of profein stabilization as that used
in Example 1. The results obtained for the solutions of Table 4 above, are set

forth below in Table 6.

TABLE 6
Protein Stabilization

G H I

Protein Stabilization Lt ++++ +
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Agent GHI S aureus >4.7 >4.7 >4.7 P. aerugi nosa

4.5 >4.5 >4.5 S, marcescens 4.5 >4.5 3.9 C al bicans
wa22®4/a8424d.2 F. solani 3.4 4.2 >4.4 An in vitPOI/ESHAY008306

was devel oped as described above in Exanmple | to

determine the ability of a test solution to retard

| ysozyne denaturing. The sane scale was used to

neasure the extent of protein stabilization as that

used in Exanple 1. The results obtained for the

solutions of Table 4 above, are set forth belowin

Table 6. TABLE 6 Protein Stablllzatlon GHI1 Protein

o sitions

Aot
A test was conducted to study the microbiocidal efficacy of
solutions prepared according to the present invention with TEA buffer in
combination with another aminoalcohol buffer. The test solutions are identified
below in Table 7. The antimicrobial efficacy of each of the solutions for the
chemical disinfection of contact lenses was evaluated. Microbial challenge
inoculums were prepared as described above in Example 1. The microbial
reduction was then calculated at the specified time points and recorded as set
forth below in Table 8. In order to demonstrate the suitability of the medium used

for growth of test organisms and to provide an estimation of the initial inoculum

concentration, inoculum controls were made as described above in Example 1.
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A test was conducted to study the m crobiocidal

efficacy of solutions prepared according to the
wWpe@seste2é nvention with TEA buffer in conbi nap@DOS2404/608306

anot her am noal cohol buffer. The test solutions are

identified belowin Table 7. The anti m crobi al

effi cacy of each of the solutions for the chem cal

di si nfection of contact |enses was eval uat ed.

M crobial challenge inoculuns were prepared as

descri bed above in Exanple 1. The m crobial reduction

was then cal cul ated at the]. EEEl.Zri ed tine points and

recorded as set forth bel able 8. In order to

denonstrate t bility the di ym used for
growt h of tes?eﬁfégiﬂ%ﬁs %H‘ {fﬂeﬂmnﬁﬁae"aﬂa@&. mat i on
of the initial ino i nocul um
controls were nade%“s‘mddhslgﬁﬁg@gaa bgbgﬂlaﬂ Exanmple 1. 22

WD 2004/ 084626 PCT/ US2004/ 008306 TABLE 7 Test
Sol utiqn Wt, Tri et;hanol am ng and Am p_oal cohol

I H H 1 I/I

M
Trlethanolamne HCL 7 0.7 0.70.7 Pluronlc F127 1 1
Tiiethanp|arpiggiCh123 672 0.2 0. 970 2 0.7 0.7

Pluronic F127 1 1 1 1
Pluronic P123 0.2 0.2 0.2 0.2
EDTA 0.025 0.025 0.025 0.025
Glycerin 0.6 0.6 0.6 0.6
NaCl 0.132 0.132 0.132 0.152
PHME (ppm) 1 1 1 1

Tris 0.2428 0 0 0
AMPD 0 0.2107 0 0
AMP 0 0 0.1787 0
Bis-Tris 0 0 0 0.4193
pH 7.1 7.11 7.11 7.11
Osmolality (mOsmo/Kg) 218 221 222 223
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EDTA 0. 025 0.025 0.025 0.025 dycerin 0.6 0.6 0.6 0.6
HaCl 0.132 0.132 0.132 0.159 PHMB(ppm | 11 1 Tris
wO2@4281606 0 0 AWMPD 0 0.2107 0 O AWP 0 0 0. 17871/0S2004/008306

Bis-Tris 0 0 00.4193 pH7.1 7.11 7.11 7.11

Csnol ality (mOsnmo/ Kg) 218 221 222 223 23 WD

2004/ 084626 PCT/ US2004/ 008306 TABLE 8 Log Reducti on
After 4 Hour Exposure to Test Solutions Agent J KL M

S. aureus >4.5 >4.5 >4.5 >4.5 P. aeruginosa 3.1 >4.6

>4.6 >4.6 S. marcescens 3.6 4.4 >4.6 4.4 C. al bicans

1.7 3.2 3.9 3.4 TABLE 8

Log Reduction After 4 Hour Exposure to Test Solutions

Agent J K L M

S. aureus >4.5 >4.5 >4.5 >4.5
P. aeruginosa 3.1 >4.6 >4.6 >4.6
S. marcescens 3.6 4.4 >4.6 4.4
C. albicans 1.7 3.2 3.9 3.4
F. solani 3.7 >4.4 >4.4 3.7

An in vitro assay was developed as described above in Example 1
to determine the ability of a test solution to retard lysozyme denaturing. The
same scale was used to measure the extent of protein stabilization as that used
in Example 1 above. The results obtained for solutions of Table 7 above are set

forth below in Table 9.

TABLE 9
Protein Stabilization

J K L M

Protein Stabilization +++++ b o o+t
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F. solani 3.7 >4.4 >4.4 3.7 An in vitro assay was
devel oped as descri bed above in Exanple | to
waledoensione the ability of a test solution to rBCHDS2004/008306
| ysozynme denaturing. The sane scale was used to
nmeasure the extent of protein stabilization as that
used in Exanple | above. The results obtained for
solutions of Table 7 above are set forth belowin
Table 9. TABLE 9 Protein Stabilization J KL M
Protein Stabilization +++++ +++++ +++++ +++++ 24 WO

8kitishs

study the m crobiocidal efficacy of alexidine-based
: Wi th borate, surfactant and pol yquaterni um 1
0 (Polymer JR). The test solutions are identified
bel ow i n Artesit svasOcormiustedaior studly: thebmigrobipeideh efficasy ehich
of the solutions for the chem cal disinfection of
alexidine-based solutions with borate, surfactant and polyquaternium-10

(Polymer JR). The test solutions are identified below in Table 10. The
antimicrobial efficacy of each of the solutions for the chemical disinfection of
contact lenses was evaluated. Microbial challenge inoculums were prepared as
described above in Example 1. The microbial reduction was then calculated at
the specified time points and recorded as set forth below in Table 11. In order fo
demonstrate the suitability of the medium used for growth of test organisms and
to provide an estimation of the initial inoculurn concentration, inoculum conftrols

were made as described above in Example 1.

25



contact |enses was eval uated. M crobial challenge

i nocul uns were prepared as described above in Exanple
wa200Fkgtepd cr obi al reducti on was then cal cul at ePCHUS20051608306

specified tinme points and recorded as set forth bel ow

in Table 11. In order to denonstrate the suitability

of the nmediumused for growth of test organi sns and

to provide an estimation of the initial inoculum

concentration, inoculumcontrols were nade as

descri bed above in Exanple 1. 25 WD 2004/ 084626

PCT/ US2004/ 008306 TABLE *%B-iﬁﬂ Sol utions Wth

Borate, Surfactant And Pol yner 9R Conbi nat i on

| ngr edi ent P EA 99. 5% 0. 937
0. 937 0. 937 g%&%&%’#%%@%ﬂf%@%ﬁ% 0. 149
0.149 0. 149  Sodi AREPORiiePIR Corhblhdtiéh 1 Boric Aci d

0 0 0.66 0.66 0.66 Pluronic F127 1 1 1 2 2 Pluronic
P123 0.2 0.2 0.2 0 0 Tetronic 1107 00011

Ingredients (w/w%) (o) P Q R S
TEA HCI 99.5% 0.937  0.937 0.937 0.937  0.937
TEA 98% 0.149  0.149 0.149 0.149  0.149
Sodium Borate 0 0 0.1 0.1 0.1
Boric Acid 0 0 0.66 0.66 0.66
Pluronic F127 1 1 1 2 2
Pluronic P123 0.2 0.2 0.2 0 0
Tetronic 1107 0 0 0 1 1
EDTA 0.025 0.025 0.025 0.025  0.025
Glycerin 0.6 0.6 0 0 0
NaCl 0.114  0.114 0 0 0
Polymer JR 30 M 0 0 0 0 0.02
PHMB (ppm) 1 0 0 0 0
Alexidine (ppm) 0 4.5 4 4 4

pH 7.17 7.14 6.69 6.72 6.71
Osmolality (mOsm/Kg) 217 220 223 229 231
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EDTA 0. 025 0.025 0.025 0.025 0.025 dycerin 0.6 0.6 0
00 Nadl 0.114 0.114 0 0 O Polymer JR30 MO O OO
wWO202/0848280VB (ppm) 1 0 0 0 O Al exidine (ppn OrdI/BS20041008306
4 pH 7.17 7.14 6.69 6.72 6.71 GOsnolality (nOsniKg)
217 220 223 229 231 26 WD 2004/ 084626
PCT/ US2004/ 008306 TABLE 11 Log Reduction After 4 Hour
Exposure to Test Solutions Agent 0O P QR S S. aureus
>4.6 >4.7 >4.7 >4.7 >4.7 P. aeruginosa >4.6 >4.6 >4.6
>4.6 >4.6 S. marcescens >4.5 >4.7 >4.7 >4.7 >4.7 C
albicans 3.0 4.7 >4.7 >4.7 >4.7 F. solani >4.3 >4.2
>4.2 >4.2 >4.2 A sodium fluorescein perneability assay

was conducted on TABLE 11

Log Reduction After 4 Hour Exposure to Test Solutions

Agent (0) P Q R S

S. aureus >4.6 >4.7 >4.7 >4.7 >4.7
P. aeruginosa >4.6 >4.6 >4.6 >4.6 >4.6
S. marcescens >4.5 >4.7 >4.7 >4.7 >4.7
C. albicans 3.0 4.7 >4.7 >4.7 >4.7
F. solani >4.3 >4.2 >4.2 >4.2 >4.2

A sodium fluorescein permeability assay was conducted on
Solution O of Table 10. To do this, a 0.5 mL cell suspension containing 2 x 10°
cells was seeded in Millicell™ HA 13 mm inserts (Millipore, Bedford,
Massachusetts). The inserts were transferred into 24 well plates containing 0.5
mL of minimum essential medium (MEM) (BioWittaker, Walkersville, Maryland)
per well. The plates were then incubated at 37 degrees Celsius with 5 percent
carbon dioxide for six days. Fresh media was added to the wells on days 2
through 6. On day 6 the inserts were used for the sodium fluorescein

permeability assay.
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Solution O of Table 10. To do this, a 0.5 nL cell

suspension containing 2 x 105 cells was seeded in
wokdoiogwkd TM HA 13 mminserts (MI1ipore, BedfpPeTUsS2004/008306

Massachusetts). The inserts were transferred into 24

wel |l plates containing 0.5 nL of m ninmum essenti al

medi um (MEM) (Bi oWttaker, Wil kersville, Mryl and)

per well. The plates were then incubated at 37 degrees

Celsius with 5 percent carbon dioxide for six days.

Fresh nmedia was added to the wells on days 2 through

6. On da t. 'S
Lo -jﬁch PSe IR Ui et ffes fgs 35 Bl Bhgenics
US2004/ 0083 h. l.
o ol st (dporfRr BRI B A7 itebl TG AR
(HBSS) using a 10 nL syringe, w thout need
artonanion (g 10 of st splUtioh WA AdsadR SRRaralgaBePTis (hat had been
separate inserts that had been placed in a fresh 24

plaedd inph friesh 28nvell plade. e Tiiplkinate insetiseversaseddor eaeh tesi splution.
solution. The inserts were incubated in a 100 percent

THY Wsdith vRste Ghaupzesd it a 3D0qRIcEthuniidifiedwhahtrertatdTtdegrees
m nutes. Each series of triplicate sanples was handl ed

CEEM Lh@éﬁt njifufds! %&f@értestdf%ﬁmza@é shRpIdd Ras Mentied

sequ nt steps. After I ncubation, each insert

sqm@%ﬁgggy ’}/ol%\‘bﬁﬁg\é@#t tﬁglﬁa df! Lt%%h %bfﬁ%@éﬂéﬂkt}os@gugﬁ@ﬁeps After
mglljggtﬁ)dn, Ierajlcﬁl |r];sr vl?/ag Al'n ivi dual?y rlnsed five times with 1 mL HBSS using a
10 mL syringe without a needle, and then placed in a fresh 24 well plate
containing 0.5 mL HBSS in each well. To each insert was added 0.5 mL of
sodium fluorescein (3 mg/100 mL in HBSS). The inserts were incubated at room
temperature for twenty minutes, removed from the wells, and the amount of
sodium fluorescein was measured using a fluorometer at 540 nm excitation and
590 nm emission. The results obtained from solutions of Table 10 are recorded
below in Table 12. Triplicate negative controls (HBSS solution) and positive

controls consisting of sodium dodecyl sulfate (SDS) in water were included

during these evaluations.
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containing 0.5 nL HBSS in each well. To each insert
was added 0.5 nmL of sodiumfluorescein (3 ng/100 niL
WO pooiBS66 The i nserts were incubated at room PCT/US2004/008306
tenperature for twenty mnutes, renoved fromthe
wel l's, and the anmount of sodium fluorescein was
nmeasured using a fluoroneter at 540 nm excitation and
590 nm em ssion. The results obtained from sol utions
of Table 10 are recorded below in Table 12,
Triplicate negative controls (HBSS solution) and
positive controls consistABREdR sodi um dodecyl
sulfate (SIDS) in water were included during these

evalpgfdudstion 28 WO 2004/ 0846 HubiesteistO0ritd) 08306
TABLCE IZ Fornul ation H uorescence Units HBSS

( Negap&uaNeRBtii® Contoh3 SDS (%psiative Control) 1457
102 Solution 0 41 +2 'Et hanol anine and bi guani de

con §t(P§Eﬁiv8fC6rﬂl%l resent ijpegnihps are useful as
antimi crobial “agents’ in contact I®ens care solutions
for Hsﬁnf cting contact |enses., A disinfecting
amouP?UBPN &hti mi crobi al agent’i1s“an anount that will
at Itﬁast partially reduce the m croorgani sm popul ati on
in the

Ethanolamine and biguanide compositions of the present invention
are useful as antimicrobial agents in contact lens care solutions for disinfecting
contact lenses. A disinfecting amount of antimicrobial agent is an amount that
will at least partially reduce the microorganism populiation in the
formulations employed. Preferably, a disinfecting amount is that which will
reduce the microbial burden of representative bacteria by two log orders in four
hours and more preferably by one log order in one hour. Most preferably, a
disinfecting amount is an amount which will eliminate the microbial burden on a
contact lens when used according to its 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 percent weight/volume (w/v), and more

preferably, from about 0.00003 to about 0.5 percent w/v.
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formul ati ons enpl oyed. Preferably, a disinfecting

amount is that which will reduce the m crobial burden
w@booepreecent ati ve bacteria by two | og orders PeI/i/82004/008306

hours and nore preferably by one I og order in one

hour. Most preferably, a disinfecting anount is an

amount which will elimnate the m crobial burden on a

contact |ens when used according to its reginen for

t he recommnssdsarien Gonttabﬂ%n(sggéré:g%m &?téd qontacting the

D sinfection Effi cacy Test - Ju nt ac ens

I ents

o Wl 8ol of (ot EBtpo s%n;?ﬁﬁb%upﬁﬁ
0Q0 about, 0. 5 er cent i ght./ vol unme vv/v and

afkg i Shesf P Sty SoRigRG RIEDS im isopiieesoutiow atdater dleaning
ercent wv. 29 WD 2004/ 084626 PCT/ US2004/ 008306 As

05@ g‘?e’?%? higyeddf adewderes ptihesplutian ariesinitinly. plegedyon each side of

contacting the lens with a solution of the present

thedepesand arhbing thelegh foa perfeg obtmes armgXaingiiedagproximately 20
sinply soaking a lens in the subject solution, greater

setaraisi Mthe lbas dz@ thehibevmbsefuenteimrerses) \thlﬁ Ié.%veral milliliters
solution are initially placed on each side of

of 1BBSsubfetd stHBthDr’eg??abgn&ef 18hs % @@H}lﬁgd % sbéﬁ th orgutlon for

exanpl e, apprOX|nat second 'ens can
aﬁ?a?ﬁg rn F%&LV@%%E% %ge ﬁ‘},eté{] }g?'récg\{ee&;ieﬁqﬂéﬁ]? gﬁ@tlpg rlnsed with
tRGtares oF peleratsoluflen iRe sxe il e aresesved isetaras selismsolution
argcli Phseendreplaced on the eye. '

Solutions containing one or more compositions of the present
invention may be formulated into specific contact lens care products for use as
customary in the field of ophthalmology. Such products include but are not
limited to wetting solutions, soaking solutions, cleaning and conditioning

solutions, as well as multipurpose type lens care solutions and in-eye cleaning

and conditioning solutions.
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the same or a different solution, for exanple a

preserved isotonic saline solution and then repl aced
w@eoologdore/e. Sol utions contai ni ng one or nore PCT/US2004/008306

conpositions of the present invention may be

formul ated into specific contact |ens care products

for use as custonmary in the field of ophthal nol ogy.

Such products include but are not limted to wetting

sol utions, soaking solutions, cleaning and

conditioning solutions, as well as nultipurpose type

Lens. ¢ ?L&Vﬁ@é Hd ROSnAAPhAL EYS SELERNA cdHihction with specific

PCT/ US20 4/ 8306 ' h b .
ot oo 68 i b ST, A5 Ao
t her eof , thls IS |IIustrat|ve only. Accordingly

medifieatinns, aad vangtions wilk b%ﬁ@pa@natw\qﬁmﬁk&lﬁé lw’tm aBén nthe light
apparent to those skilled in the art in the Iight of

of e fdregeingi descdption apdiitds, thetefore, intendéd taeembeace all such
intended to enbrace all such alternatives,

alteRshiiVesahideificatiang, el varidtions sdstotfall ivithin tetspiirit dridescope of
spirit and scope of the appended clainms. 31 WO

thgg%ggggg%ﬁa,,gg/ US2004/ 008306 ¢ cl ai m
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1. Conpositions conprising: one or nore am noal coho
buffers and one or nore antimcrobial agents. 2.
W@0Up08icéd ons conpri sing: one or nore ethanol aPETES2004/008306

buffers and one or nore antimcrobial agents. 3.
Conpositions conprising: triethanolam ne buffer and
pol y( hexanet hyl ene bi guani de) or pol yquaterniumi. 4.
A nmet hod of producing a conposition of claim!]l

ifh:si ng:  conbi ni ng one or nore am noal coho
buffers wwth one or nore antimcrobial agents. 5. The
met hod of claim4 wherein said one or nore
aninoalcohol buffers include one or nore ethanol am ne
buff WD 2004/ 084626 PCT/ US2004/ 008306 6. A
Tsol u Pﬁﬁm@ IPPBicOMYiSiNthe or nore ami noal cohol buffers

and one or nore antimcrobial agents in solution. _
one or more aminoalcohol buffers and one or more antimicrobial

agents.

2. Compositions comprising:
one or more ethanolamine buffers and one or more antimicrobial

agents.

3. Compositions comprising:
triethanolamine buffer and poly(hexamethylene biguanide) or

polyquaternium-1.
4. A method of producing a composition of claim 1 comprising:
combining one or more aminoalcohol buffers with one or more

antimicrobial agents.

5. The method of claim 4 wherein said one or more aminoalcohol buffers

include one or more ethanolamine buffers.
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7. The solution of claim®6 wherein said solution

i ncl udes one or nore buffers or a buffering system
w@200Fhet63®l uti on of claim6 wherein said sol ut PONUS2004/008306

i ncludes one or nore tonicity agents. 9. The solution

of claim®6 wherein said solution includes one or nore

surfactants. 10. The solution of claim6 wherein said

solution includes one or nore viscosity agents. 11. A

met hod of using the solution of claim®6 conprising:

contacting a surface of a contact lens with said

solut IEor a period of time suitable to elimnate a

n1cr F%P'BGFB "GH'%ai d contact lens. 33 WO

2004/ 084626 PCT/ US2004/ 008306 12. A nethod of _ )

pr od QBE R Nagre apingalcehobbuftersiandeonaabmose agtimigrabiabagents in

an effective disinfecting anount of said one or nore

ant i gblutiobi al  agents and said one or nore

am noal cohol buffers to a solution. 13. A nethod of

produci ng the solution of claim®6 conprising: adding

an effective preservative anount of said one or nore

7ant iRk %bﬁﬁiow of FSIRTG %@P&n%@*@s&ﬂﬁoﬁﬁndﬂﬁe@ one or more buffers
am noal cohol buffers to a sol

or a buffering system.

8.  The solution of claim 6 wherein said solution includes one or more tonicity

agents.

9. The solution of claim 6 wherein said solution includes one or more

surfactants.

10.  The solution of claim 6 wherein said soluiion includes one or more

viscosity agents.
11. A method of using the solution of claim 6 comprising:

contacting a surface of a contact lens with said solution for a period of

time suitable to eliminate a microbial burden on said contact lens.
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14. A nmethod of using the solution of claim®6

conprising: contacting a surface of a nedical device
wowah/osmee sol ution for a period of tinme suitBl/ES1004/008306

elimnate a mcrobial burden on said nedical device.

34

12. A method of producing the solution of claim 6 comprising:
adding an effective disinfecting amount of said one or more antimicrobial

agents and said one or more aminoalcohol buffers to a solution.

13. A method of producing the solution of claim 6 comprising:
adding an effective preservative amount of said one or more antimicrobial

agents and said one or more aminoalcohol buffers to a solution.
14. A method of using the solution of claim 6 comprising:

contacting a surface of a medical device with said solution for a period of

time suitable to eliminate a microbial burden on said medical device.
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