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but teaches only the use of this buf systemin performn
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for mul attrnenbeRfhtdR of MY BAMB microbicide in the solutions disclosed-in this patent is

substantially higher than the PHMB concentrations of the present invention.

While biological buffers based on 1,3-bis(tris[hydroxymethyljmethylamino)propane are well
known, the application of these buffers in lens care solutions is not common. U.S. Pat.
5,474,700 discloses a novel alkaline protease‘derived from ship worm bacterium which is
taught as being useful in contact lens cleaning éolutions. It is further disclosed that such
solutions may additionally contain various detergents, surfactants, buffers, stabilizers and
the like. In this patent the inhibition of protease activity was measured in a 1,3-bis(tris-
[hydroxymethyljmethylamino)propane buffered solution. However, this patent does not
teach or suggest the inclusion of 1,3-bis(tris[hydroxymethyljmethylamino)propane in
ophthalmic solutions, but teaches only the use of this buffer system in performing the
enzymatic assays.

There is considerable diversity in the makeup of the various formulations used as contact
lens care solutions, primarily due to the fact that to date no single solution has been found
to meet all of the parameters desired for the various types of lenses. For example, some of
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Many of the previous efforts to alleviate the problem of binding and concentrating
disinfectants and preservatives onto contact lens surfaces, and for reducing the potential for
eye tissue irritation have not been totally satisfactory. For example, in spite of low toxicity
levels not all disinfectants are compatible for use with all types of contact lenses.

Accordingly, there is a need for improved disinfecting solutions that are compatible for use
with most types of contact lenses while maintaining both a high level of antibacterial activity
and a low order of toxicity to eye tissue with little or no binding or concentrating of the
disinfecting agent onto lens surfaces.

The present invention provides improved compositions for disinfecting ophthalmic devices
such as such as hard (PMMA), soft (hydrophilic), and rigid gas permeable (RGP) contact
lenses. These compositions allow for the formulation of disinfecting solutions with high
efficacy at low microbicide concentrations. Furthermore, the general compatibility of the
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a, b, ¢, d, e, f, g, and h are independently integers from 1 to 6; and
R and R’ are independently chosen from the group consisting of -H, -CHj, ~(CH,)2.6-H, and
_(CH2)1.6-OH.

The present invention is based upon the unexpected and beneficial finding that disinfecting
solutions buffered with, for example, 1,3-bis(tris[hydroxymethyllmethylamino)propane and
which also contain certain microbicides and fungicides exhibit a synergy resulting in a
microcidal activity significantly higher than fhe activity of these same active ingredients used
in conjunction with other buffers. A screening study was performed with 15 common
biological buffers each employed independently in conjunction with the antimicrobial agents
polyhexamethylene biguanide or alexidine, and it was observed that solutions containing
1,3-bis(tris[hydroxymethyl]methylamino)propane as the buffering agent exhibited
antimicrobial activity which was significantly higher than that of comparable solutions
employing any of the other buffering agents in the study.

The buffering agent 1,3-bis(tris[hydroxymethylimethylamino)propane is a commercially
available compound also known by the designations BIS-TRIS propane and BTP. ltis a

member of the general class of bis-aminopolyols compounds depicted by formula (l) above.

Furthermore, in the present invention the buffering agents described by formula (1) may be
provided in the form of various water-soluble salts.
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In one series of the variations of formula (1), wherein the variation of each of a, b, ¢, d, e, f,
g, and h independently as an integer from 1 to 6 and wherein R and R’ are independently
chosen from the group consisting of H, CHs, (CH.)..s—H, the hydroxyl functionality, i.e. the
number of hydroxyl moieties per molecule, is maintained. The hydroxyl functionality of
1,3-bis(tris[hydroxymethylmethylamino)propane is 8. In another series of the variations of
formula (I), wherein R and/or R’ is (CHz).s-OH the total hydroxyl functionality is either 7 or 8.
The increased hydroxyl functionality in the compounds affects properties such as aqueous
solubility, hydrogen bonding potential, and surfactant activity without affecting buffering
efficiency in the ophthalmologically acceptable range. It is recognized that the structural
variations of formula (I) may be employed in any and all combinations. It is also recognized
that various salts of any of the compound of formula () as well as mixtures of the
compounds of formula (1) are useful for the purpose of providing the buffer systems of the
present invention. Furthermore, specific structural variations designed to impart specific
secondary properties and characteristics to the compounds of formula (1) while maintaining
the essential buffering function will be apparent to those skilled in the art. Therefore, the
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the pH of the solutions of the present invention be adjusted and maintained at an ocularly
acceptable level to be compatible with both the environment of the eye and the contact
lens. Typically this pH should be between 6.0 to 8.0, preferably between 6.7 to 7.7.
Significant deviations from neutral (pH 7) of these compositions may cause changes in the
physical parameters (i.e. diameter) in some contact lenses. Low pH (below 5.5) can cause
burning and stinging of the eyes, while very low or very high pH (below 3.0 or greater than
10) can cause ocular damage.

The present invention provides a method and compositions for disinfecting contact lenses
against a wide range of microorganisms including but not limited to Fusarium solani,
Staphylococcus aureus, Pseudomonas aeruginosa, Serratia marcescens and Candida
albicans. Furthermore, the present invention provides a method and compositions for

. disinfecting hard (PMMA) contact lenses and soft (hydrophilic) lenses as well as rigid gas
permeable (RGP) contact lenses. A further advantage of the present invention is that it
provides a method and compositions for disinfecting contact lenses with a low potential for
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concentrating when used with soft type contact lenses.

The solutions of the present invention must contain a microbicide in a concentration
sufficient to effect the desired disinfection of a contact lens. The specific concentrations
required for the microbicides useful in this invention must be determined empirically for
each microbicide. Some of the factors affecting the effective concentration are specific
activity of the microbicide against the specified pathogens, the molecular weight of the
microbicide, and the solubility of the microbicide. It is also important that the chosen
microbicides be employed in a physiologically tolerable concentration. The list of micro-
bicides which may be employed in the present invention include, but is not in limited to
polyhexamethylene biguanide (PHMB), alexidine, hexetidine, chlorhexidine, N-alkyl-2-

pyrrolidone, polyquaternium-1, bronopol, benzalkonium chloride, and hydrogen peroxide.

Typical solutions of this invention contain the microbicides PHMB or alexidine in
concentrations from about 0.01 to 10 ppm and 1,3-bis(tris[hydroxymethyl]methylamino)-
propane in a concentration from about 0.001 to 0.20 molar as the buffering agent. The



concentrations coupled with very lowtoxicity and reduced affinity for
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derivative of ethylene oxide and propylene oxide combined with ethylene diamine; and
nonoxynol nonionic sur-factant mixtures prepared by reacting nonylphenols with ethylene
oxide. The surfactants can be employed in amounts ranging from about 0.0001 to about
20% by weight, preferably from about 0.005 to about 5.0% by weight, more preferably from
about 0.025 to about 1.0 % by weight. In one embodiment, 0.05 % by weight of a
polyoxypropylene-polyoxyethylene block copolymer (PLURONIC® F127) is used as a
surfactant.

Suitable viscosity modifying agents include, but are not limited to lecithin or the cellulose
derivatives such as hydroxymethylcellulose, hydroxypropylcellulose, hydroxypropyl-
methylcellulose, and methylcellulose in quantities similar to those used for the surfactants.

One embodiment of the present invention is an aqueous solution which includes at least
one ophthalmologically acceptable microbicide and BIS-TRIS propane with a final solution
pH of 6.7 to 7.5. The solution also includes an ophthalmologically acceptable tonicity agent,
ophthalmologically acceptable chelating agent, an ophthalmologically acceptable surfactant,
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The following examples are presented for illustrative purposes and are not intended to in
any way limit the scope of this invention.

The following abbreviations for buffers are used throughout the application:

ACES N-[Carbamoylmethyl]-2-aminoethanesulfonic acid

ADA N-[2-Acetamido]-2-iminodiacetic acid

BES N,N-bis[2-Hydroxyethyl]-2-aminoethanesulfonic acid

BIS-TRIS bis[2-Hydroxyethylliminotrisfhydroxymethyllmethane

BIS-TRIS propane 1,3-bis[tris(Hydroxymethyl)methylaminolpropane

DIPSO 3-[N,N-bis(2-Hydroxyethyl)amino]-2-hydroxy-propanesulfonic acid
HEPES N-[2-Hydroxyethyl]piperazine-N'-[2-ethanesulfonic acid]

MOPS 3-[N-Morpholinolpropanesulfonic acid

MOPSO 3-[N-Morpholino]-2-hydroxyoropanesulfonic acid

PIPES Piperazine-N,N’-bis[2-ethanesulfonic acid]



hand cl eaner, disinfecting soaps such as surgical soap, shanpoo, househol d
disinfectant, and industrial disinfectant, |aboratory disinfectant, dental
and nedi owd oBegp48pent  di sinfectant, acne cl eani ng and di BCTVERCH 13835
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and wound healing applications. It is _gso suitable as a rapid in- office
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presented for illustrative purposes and are not intended to in any way
limt tg.ip ope of thIS i n. The fol |l ow ng _abbreviations for buffers
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es of sterile solutlons of buffer of equal molarity plus approxiamately 1.2 ppm PHMB are
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challenged with a suspension of Candida albicans at approx. 4 x 10° cfu/ml. Following 4.0
hour exposure, aliquots of each test solution are serially diluted to 10 in DEB. Following
approx. 40 hours incubation at ~32 °C, the tubes are observed for discoloration of the DEB
and for a pellet in the 10”° tube. The entire study is then performed in duplicate. Based on

these observations, the estimated relative antimicrobial activity is assigned as shown In
Table 1 below.

Borate and BIS-TRIS propane show superior activity in this study. BIS-TRIS and TAPSO
also exhibit better activity than phosphate (PO,).



in are described in Biochem cals and Reagents, Sigma-Aldrich CO, 2000-2001
edition Sigma-Aldrich, or online at URL sigma-aldrich.com Tubes of
sterile sobovixss of buffer of equal nolarity plus approxpamvaral/ysds 2 ppm
PHVB are challenged with a suspension of Candi da al bicans at approx. 4 x
105 cfu/m. Following 4.0 hour exposygﬁ,_ al i quots of each test solution
are serially diluted to 10'5 in DEB. Fol'l ow ng approx. 40 hours incubation
at -32 C, the tubes are observed for discoloration of the DEB and for a
pellet in the 10'5 tube. The entire study is then perforned in duplicate.
Based on these observations, thBbEtl mated relative antinmicrobial activity
is assigned as shown Ing dable 1 bel ow. Borat %InS- TRI' S propane show
superior activity int - = exhi bit better
activity than phosphat eg(sBfpi propbhd2/ 43482 PC[ P01/ 13835 -10- TABLE 1
Buffer 1 og reduction BLS- TRIg propane 2-3 Borate 2-3 BISTRIS 1 TAPSO 1
TES <1 P04 <1 ACES <1BYBFpSO <1 HEPES <1 RODS8S <1 MOPS NONE MOPSO NONE

ADA NONE BES NONE BIS-TRIS 1
TAPSO 1
TES <1
POy <1
ACES <1
DIPSO <1
HEPES <1
MOBS <1
MOPS NONE
MOPSO NONE
ADA NONE
BES NONE
PIPES NONE

Example 2

This example compares the efficacy of the microbicide alexidine in solutions utilizing a BIS-
TRIS propane buffer compared to solutions utilizing a phosphate buffer. Sterile aqueous
solutions are prepared at pH 7.3 —7.7 according to the formulations shown in Table 2.

TABLE 2
Formulation A B
Alexidine (ppm) ~4 ~4
BIS-TRIS propane buffer (mol /L) 0.1
Phosphate buffer (mol /L) 0.1
EDTA2 wt % 0.025 0.025
Urea wt % 0.03 0.03
HECP QP40 Wt % 0.05 0.05

aEDTA* = ethylenediamine tetraacetic acid, disodium salt

PHEC** = hydroxyethyl cellulose



Pl PES NONE Exanple 2 This exanple conpares the efficacy of the m crobicide
alexidine in solutions utilizing a BIS- TRI S propane buffer conpared to

sol uti onswétd2lazggang a phosphate buffer. Sterile aqueous S@TUtpIPASE3&Tr €
prepared at pH 7.3 -7.7 according to the fornulati ons shown in Table 2.
TABLE 2 Formulation A B Alexidine (ppg} -4 -4 BIS-TRI'S propane buffer

(nol /L) 0.1 Phosphate buffer (nmol /L) 0.1 EDTA a wt %0.025 0.025 Urea
w % 0.03 0.03 HECb QP40 W % 0. 05 0. 05 aEDTA* = et hyl enedi am ne
tetraacetic acid, disodiumsalt bHEC** = hydroxyethyl cellul ose WD

02/ 434821 heceffectveness ghthe solutions,ehalienges Wﬁ'@ﬂ@s’@'cﬂibet@@'%ﬁlbtanﬁéAmlNOenges
wi t h t heyo3k¢Y RRG AR ed according
to the USP >(g< (51) Ant |cm C Wﬁﬁ@é}&@(&?@&ﬁ@t@%%@ﬂ E?’?’?F\;}gﬁg&ss Test .

Resul ts ﬁffeowﬁrsesgt ealy %S@tsmfé@éﬁttﬁd are\presbhieddn TaWBBE 3 | og reduction after
4 hr Fornul ati on exposure to Candida albicans A 4.2 B 3.2 The
antimcrobial activity data shown in Table 3 clearly show t he enhanced

ef fectiveness of the mcrobicide BABKE®SI ne agai nst Candida al bicans in a
solution buffered with BIS-TRIS pro j A) conpared to a
simlarly fornul ated sol ution buffergga\?\fcﬂ?ﬂéﬂé&a‘{nﬁgrd phosphat e buffer
(formul ati on B). The BirwERbS pr opamposwwé teCeddilanlmidansi on A

A 4.2
B 3.2

The antimicrobial activity data shown in Table 3 clearly show the enhanced effectiveness of
the microbicide alexidine against Candida albicans in a solution buffered with BIS-TRIS
propane (formulation A) compared to a similarly formulated solution buffered with a
standard phosphate buffer (formulation B). The BIS-TRIS propane buffered formulation A

shows a 1.0 log greater reduction than does the phosphate buffered formulation B.

Example 3

This example compares the efficacy of disinfecting solutions utilizing TRIS-BIS propane
buffer with solutions utilizing a standard phosphate buffer. Sterile solutions are prepared
according to the formulations shown in Table 4. The control formulation utilizes a standard
phosphate buffer while all other formulations utilize TRIS-BIS propane buffer. The final
solutions are adjusted to a tonicity of 280-300 mOsmol/kg by the addition of NaCl and to a
pH of 7.2-7.4 by the addition of either HCI or NaOH as required.



shows a 1.0 |l og greater reduction than does the phosphate buffered
formulation B. Exanple 3 This exanple conpares the efficacy of

di si nf ect\wan2a@hgat i ons utilizing TRIS-BI'S propane buffer putiiposabdsdsi ons
utilizing a standard phosphate buffer. Sterile solutions are prepared
according to the formul ati ons shown irlve;%a_bl e 4. The control formnulation
utilizes a standard phosphate buffer ile all other formulations utilize
TRIS-BI' S propane buffer. The final solutions are adjusted to a tonicity of
280- 300 nOsnol / kg by the addition of NaC and to a pHof 7.2-7.4 by the
addition of either HCl or NaOH asTABigu#red. WO 02/ 43482 PCT/ EP01/13835 -12
TABLE 4 Ingredient control AB CDEF standard phosphate buffer +
TRIS-BIS prosgtient (0.1 M + + + + +contrdPHVRA (1 fpm) €+ + B + E+ HOTA

(0. 025% Wy—+—t—+—+—+—+—+—PuroncF2Fa—{-0—05% W) —+—t—t—t—k CGrerpphor
RH40b (0 1 %w) + ++ + Uea (0.03%w) + + + apol oxaner, propyl ene

oxi de / esiayldamrmspﬂaehbluﬁek copol ynmer bnon-ionic surfactant, derivative of
castor Lrg§§% Ien? gﬂde Each of the formulations in Table 4 is tested
accor di ng 00 BroRERaPe @f Msa Foi's 1. 4729 + (opHt hal fic optics £ Cort act

| ens car ePpiMBI(ichm) The | og reduckions affer 4.0 hry expagsure 4 to Gandi da
al bi cans ed.in Table 5 TABLE 5 control AB CDEF I|og reduction
agai nst CbgTB‘O(S?agL'BWQ 6 3.3 3.9 470 3.7 *The data preserted i'n Tabte 5

clearly dp@ﬁ}g&g@%ﬁagopane formukations A, B C, D E gnd K which

utilize a uffer, significantly exceed | og reductions for
Candi da Cremophor RH40b (0.1% wt) + + + +
Urea (0.03% wt) + + +

@poloxamer, propylene oxide / ethylene oxide block copolymer

Pnon-ionic surfactant, derivative of castor oil and ethylene oxide

Each of the formulations in Table 4 is tested according to procedure of ISO/FDIS 1.4729
(Ophthalmic optics - Contact lens care products). The log reductions after 4.0 hr exposure
to Candida albicans is presented in Table 5

TABLE 5

control A B C D E F

log reduction against C.a. 0.3 38 36 33 39 40 37

The data presented in Table 5 clearly demonstrate that the formulations A, B, C, D, E and
F, which utilize a TRIS-BIS propane buffer, significantly exceed log reductions for Candida
albicans compared to a standard phosphate buffer control.



al bi cans conpared to a standard phosphate buffer control. WO 02/ 43482

PCT/ EPOL/ 13835 -13- Clains: 1. An aqueous sol ution conprising a

m cr obi ci e @ndsgd conpound having the formula (CH2)a OH (pfchiZnro1/a¥335R |

HO (CH2)b rNH(CH2)d (CH2)e NH)gOH (1) R | (CH2)- OH (CH2)h -OH wherein
a, b, ¢, d, e, f, g, and h are indepen_diey_tly integers froml to 6; and R
and R are independently chosen fromthe group consisting of -H, -CHS,
-(CH2)2-6-H, and -(CH2)1-6-0OH 2. The aqueous solution of claim1l wherein
said conpound is provided as a water-soluble salt. 3. The aqueous sol ution
of cl ai n*¥®@Mferein said conpound is provided in a quantity sufficient to
mai ntai n said aqueous solution at a pH between about 6.4 and 7.8. 4. The
aqueous solution of claim1 wherein the concentration of said conmpound is
from abbufin@doequs splgtiop aeipsising & mittebicidpiaandia combatndihaviig tledbmuda wher ei n
said compound is 1,3-bis(tris[hydroxynethyl]nmethylam no)propane. 6. The
aqueous sol ution of €&FEPmMmOHrherein said microbici dqc'}@fsed)ﬁct ed fromthe
group consisting of pol yhexamet hyl eng bi guani de, al ¢xi di ne, hexetidi ne.
N-al kyl - 2-pyr i di none hl orhexi di me qguat er ni um r onopol

benzal koﬁli{@'yrﬁg(lﬁ i dej’ benZet h(gﬂigém c1ﬁ| ori@éz?se hM‘d en @gﬂ L s@l ts

t hereof, and n‘ixture;lthereof. 7. Thelaqueous soluti pn of claim®6 wherein
the mcrobicide is s }gfct_e_ngromthe roup (CHy), —OH

wherein

a, b, ¢, d, e, f, g, and h are independently integers from 1 to 6; and

R and R’ are independently chosen from the group consisting of -H, -CHa, -(CHg)2-¢-H, and
—(CHg)1.6-OH.

2. The aqueous solution of claim 1 wherein said compound is provided as a water-soluble
salt.

3. The aqueous solution of claim 1 wherein said compound is provided in a quantity
sufficient to maintain said aqueous solution at a pH between about 6.4 and 7.8.

4. The aqueous solution of claim 1 wherein the concentration of said compound is from
about 0.001 to 0.2 molar.

5. The aqueous solution of claim 1 wherein said compound is
1,3-bis(tris[hydroxymethyllmethylamino)propane.

6. The aqueous solution of claim 1 wherein said microbicide is selected from the group
consisting of polyhexamethylene biguanide, alexidine, hexetidine. N-alkyl-2-pyrollidinone,
chlorhexidine, polyquaternium-1, bronopol, benzalkonium chloride, benzethonium chloride,
hydrogen peroxide, salts thereof, and mixtures thereof.

7. The aqueous solution of claim 6 wherein the microbicide is selected from the group
consisting of polyhexamethylene biguanide, alexidine, salts thereof, and mixtures thereof.



consi sting of pol yhexanet hyl ene bi guani de, al exidine, salts thereof, and
m xtures thereof. WO 02/43482 PCT/EPO1/ 13835 -14 8. The aqueous sol ution
of clai mworMrangn said mcrobicide is a provided in a quartntpor/1s83kfi ci ent
to disinfect a contact lens. 9. The aqueous solution of claim1 further
conprising a chelating agent. 10. The_ggueous sol ution of claim9 wherein
said chelating agent is selected fromthe group consisting of ethylene
diam ne tetraacetic acid, diethylene triam ne pentaacetic acid, salts
thereof,8 d m xtures %here?t. él The agueous,soLution,of,clain11 further
compr i sng 1% SRyEpls SalHion ailaimCWherei R SUMAbIFOR f PENider @ AWAETY n sai d
sur f act aofficiept adisipteetla bomarttilgs.group consi sting of pol oxoners,

pol oxam nes, octoxynol, hydroxylated castor oil, and tyloxapol. 13. The
aqueous solution of claim1 further conprising a tonicity agent. 14. The
aqueous 9s athdtdqaRo0é sElLforTdckihERAher SethSridi)'h EhéiMtiRAsJYnt] S sodi um
chloride. 15. The aqueous solution of claim1 further conprising a

vi scosity-nodi fying agent. 16. The aqueous solution of claim 15 wherein
sai d Vi 990gihbYaciedid yélat%@&%mim'gswﬁ&‘eﬁcéa%ichélérﬁ? efqéﬂf QIsBHRtAth §id N9 ©f

| ecithin, hydroxynethylcellul ose, hydroxypropyl cell ul ose,

hydr oxy SFSpygansistipy ekethyleae él,anamﬁjtqﬁ@@ﬁ%%@xd,wﬁ/eibsé@nqowammmnt@aqe@hacw, and
pol yvi nyhits %k éj.gﬂﬁixtlf}gs thgpbc?_queous solution conprising fromO0.1 to 10
ppm of a mcrobicide selected fromthe group consisting of

pol yhexanet hyl ene bi guani de and al exi dine; and 0.001 to 0.2 nol/L of

sovut) ol Thb e Sy it i TRLIM. AThBPARARRR. B! ¢ hereof . sald

sol uti on adj uste

12. The aqueous solution of claim 11 wherein said surfactant is selected from the group

consisting of poloxomers, poloxamines, octoxynol, hydroxylated castor oil, and tyloxapol.

13. The aqueous solution of claim 1 further comprising a tonicity agent.

14. The aqueous solution of claim 13 wherein said tonicity agent is sodium chloride.
15. The aqueous solution of claim 1 further comprising a viscosity-modifying agent.

16. The aqueous solution of claim 15 wherein said viscosity modifying agent is selected
from the group consisting of lecithin, hydroxymethyicellulose, hydroxypropylcellulose,
hydroxypropylmethylcellulose, and methylcellulose, polyvinyl alcohol, and polyvinyl
pyrolidone.

17. An aqueous solution comprising from 0.1 to 10 ppm of a microbicide selected from the
group consisting of polyhexamethylene biguanide and alexidine; and 0.001 to 0.2 mol/L of
1,3-bis(tris[hydroxymethyljmethylamino)propane or a salt thereof, said solution adjusted to
pH 6.8t0 7.5.



