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stabil br%)%glng an aqueous solution comprising a cellulose derivative and a hydrogen peroxide

source, wherein said solution will support Cladosporium growth if contaminated with

Cladosporium; and

admixing an effective amount of an alkaline earth metal salt with said solution to yield an

alkaline earth metal-containing solution which, if contaminated with Cladosporium, will allow

less Cladosporium growth than an otherwise identical solution that does not comprise an

alkaline earth metal salt.

In another aspect the invention furthermore relates to an ophthalmic solution

comprising:

(a) a hydrogen peroxide source

(b) a cellulose derivative

(c) water; and

(d) an effective amount of an alkaline earth metal salt such that if said solution is
contaminated with Cladosporium, less Cladosporium growth will occur in said solution than
an otherwise identical solution that does not comprise an alkaline earth metal salt.

Trace amounts of peroxy compounds in the ophthalmic solution stabilized with a
hydrogen peroxide stabilizer, especially diethylene triamine penta(methylene phosphonic
acid) or 1-hydroxyethylidene-1,1-diphosphonic acid may be utilized as a preservative for eye
wetting solutions, eye lubricating solutions, or ophthalmic active agent-containing solutions to

be used in the ocular environment. Ophthalmic active agent-containing solutions contain at
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in contact with the eye. For example, catalase existing in the eye tissue will cause the
breakdown of the hydrogen peroxide into water and oxygen. As a result, the solution, upon
application, becomes preservative free and greatly minimizes adverse reactions. The
problems associated with other preservatives, such as the inability to break down innocuous
compounds, are eliminated.

Non-limiting examples of cellulose derivatives include carboxymethylcellulose and
salts thereof, hydroxyethyl cellulose, hydroxypropyl methylcellulose, and methyicellulose.
The cellulose derivatives are used, for example, in an amount of about 0.1 to about 1%,
preferably 0.1 to 0.5% by weight of the aqueous ophthalmic solution. Hydroxypropyl
methylcellulose is preferred, especially at a concentration of 0.1 to 0.5% by weight.

The aqueous ophthalmic solution may be an ophthalmic demulcent-comprising
solution or an ophthalmic active agent-comprising solution. Ophthalmic active agents, as
used herein, are compounds that have a pharmacological effect on the eye when
administered topically to the eye. The following is a non-exhaustive, non-limiting, illustrative
list of ophthalmic active agents and excipients that are compatible with the preservative

according to the present invention: atropine, homatropine, cyclopentolate, tropicamide,
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alkylsulfosuccinates, sulfosuccinamates, alkyl silicone sulfosuccinates, alkylpolyether
carboxylates, alkylaryl polyethoxylamines, alkylarylsulfonates, alpha olefin sulfonates, alkyl
sulfates, alkyl ether sulfates, alkanol amides and alkamides, alkylamphoterics, amphoterics
based on alkyl imidazoline, betaines, alkylaminopropionates, alkyliminodipropionates,
alkylamphoglycinates, alkylamphocarboxyglycinates, alkylamphocarboxypropinates,
alkylamphopropionates, alkylamidopropylhydroxysultaines, alkyletherhydroxypropylsultaines,
alkylamphopropylsulfonate, quaternary ammonium polymers, quaternary ammonium halides,
polyacrylamide, polyacrylates, polyvinyl pyrrolidone, polyvinyl alcohol, alkylalcohol
ethoxylates, hydroxyalkylcelluloses, alkylamidopropyl PG-dimonium chloride phosphates,
alkylampho PG-glycinate phosphates, gyceryl monoalkylates, sorbitan alkylates (Spans),
Pluronics, Tetronics, sodium alkyl sulfates, sodium butoxyethoxy acetate, phosphate esters,
glycosides, polyglycosides, mannitol, sorbitol, polyoxyethylene alkyl ethers, grillosan, guar
gum, sodium hyaluronate, polyoxyl 40 stearate, and polyoxyolkylene dimethylpolysiloxane.
However, compounds having non-hindered hydroxyl groups attached to an aromatic

ring, such as ketones and alcohols, or having a mercapto group, thioether, acetamido group,
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When the peroxy stabilizer is diethylene triamine penta(methylene-phosphonic acid
or a physiologically compatible salt thereof, it can, for example, be present in the solution in
an amount between about 0.001% and about 0.03% by weight of the solution, e.g. between
about 0.002% and about 0.03% or between about 0.001% to about 0.02%, in particular in an
amount between about 0.006 and about 0.012% by weight of the solution.

When the peroxy stabilizer is 1-hydroxyethylene-1,1-diphosphonic acid it can, for
example, be present in the solution in an amount between about 0.005 and about 0.2% by
weight of the solution.

Stabilizers other than diethylene triamine penta(methylene)-phosphonic acid and
physiologically compatible salts thereof and 1-hydroxyethylene-1,1-diphosphonic acid and
physiologically acceptable salts thereof are employed in physiologically tolerable amounts.

Soluble alkaline earth metal salts can be used in the compositions and methods of
the present invention in amounts between about 0.01 and 0.2% by weight of the preserved
solution, for example between about 0.05 and 0.1% by weight of the preserved solution.
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enhanging agents is to assure approximate physiologic ommsty o the solution which is
instilled in the eye or to help assure such tonicity upon dilution if dilution is necessary prior to
contact with the eye due to peroxide content as indicated above.
Preferably sufficient tonicity enhancing agents are present in the solution so that it is
substantially isotonic or, such that, upon decomposition or dilution of the hydrogen peroxide
therein, the resulting solution is substantially isotonic, e.g. substantially equivalent in tonicity
to a 0.9% by weight aqueous sodium chloride solution.
A further optional ingredient is a thickener or viscosity enhancing agent. Any of the
substances known in these categories which are ocularly acceptable can be used. A typcial
suitable thickener is, for example, polyvinylalcohol. The thickeners may be present in any
amount up to an amount sufficient to raise the overall solution viscosity to about 1000 cps,
preferably to not more than 100 cps.
In general, the stabilized hydrogen peroxide solutions of the present invention are
characterized by their extraordinary stability, even under accelerated conditions, for example
by heating the solutions to 100 °C for 24 hours. Thus, the shelf life of these compositions is
enhanced. Moreover, the instant compositions are characterized by either physiological

tblerability subsequent to hydrogen peroxide decomposition.
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Example 1

A solution with the following composition is prepared by admixing the following components
to form a solution.

0.2% HPMC (Hydroxypropylmethylcellulose, E50LV, from Dow Chemical, USP grade)
0.27% sodium chloride

0.12% potassium chloride

0.5% boric acid

0.05% calcium chloride dihydrate

0.006% diethylenetriamine penta(methylene phosphonic acid)

0.028% sodium perborate tetrahydrate

Water QS to the volume

pH=6.8-7.0

Tonicity = 220+/-15 mOsm/kg

Example 2



peroxi de, and nost of the water. The viscosity enhancing agent, i.e.
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Example 3

A solution with the following composition is prepared by admixing the following components
to form a solution.

0.3% HPMC (Hydroxypropylmethylcellulose, E4M, from Dow Chemical, USP grade)
0.263% sodium chloride

0.05% calcium chloride dihydrate

0.12% potassium chloride

0.5% boric acid

0.006% diethylenetriamine penta(methylene phosphonic acid)

0.028% sodium perborate tetrahydrate

pH=6.8-7.0

Tonicity = 220+/-15 mOsm/kg

Example 4

Three aqueous solutions are prepared with the following compositions:

(1)  0.3% hydroxypropylmethylcellulose, 0.3% sodium chloride, 0.5% boric acid,
0.12% potassium chloride, 0.006% diethylenetriamine penta(methylene
phosphonic acid), 0.028% sodium perborate, with the pH adjusted to 6.986;

(2) 0.3% hydroxypropylmethylcellulose, 0.1% calcium chloride dihydrate, 0.3%
sodium chloride, 0.5% boric acid, 0.12% potassium chloride, 0.006%
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0.3% sodiumchloride, 0.5% boric acid, 0.12% potassium chloride, 0.006% WO
03/ 059069 BGf/JrREMARBRY are Roculated with fungi and are assayed for fungal

presence/growth at 10, 21, and 31 days after inoculation. Some growth occurs in solutions 2

and 3 between inoculation and day 10. Solution 1 shows heavy growth of fungal colonies at

all time points. By day 21, however, viable fungi are not recoverable from solutions 2 and 3,

nor are viable fungi recoverable from solutions 2 or 3 on day 31. Thus, the addition of

calcium chloride dihydrate at concentrations of 0.01 and 0.1% effectively inhibits the growth

of fungi that would otherwise be possible in a peroxide-preserved solution.

Example 5

Six aqueous solutions are prepared with the following compositions:

(1) 0.3 % hydroxypropylmethylicellulose, 0.3 % sodium chloride, 0.5% boric acid,
0.12% potassium chloride, 0.006 % diethylenetriamine penta(methylene
phosphonic acid), 0.028% sodium perborate, with the pH adjusted to 7;

(2) 0.3 % hydroxypropylmethylicellulose, 0.03 % calcium chloride dihydrate, 0.3%
sodium chloride, 0.5% boric acid, 0.12% potassium chloride, 0.006%
diethylenetriamine penta(methylene phosphonic acid), 0.028% sodium perborate
with the pH adjusted to 6.963;

(3) 0.3 % hydroxypropylmethylcellulose, 0.2 % calcium chloride dihydrate,0.3%
sodium chloride, 0.5% boric acid, 0.12% potassium chloride, 0.006 %
diethylenetriamine penta(methylene phosphonic acid), 0.028 % sodium
perborate, with the pH adjusted to 6.981.

(4) 0.3 % hydroxypropylmethylcellulose, 0.1 % calcium chloride dihydrate,0.3%
sodium chloride, 0.5% boric acid, 0.12% potassium chloride, 0.006 %
diethylenetriamine penta(methylene phosphonic acid), 0.028 % sodium
perborate, with the pH adjusted to 6.94.

(6) 0.3 % hydroxypropylmethylcellulose, 0.05 % calcium chloride dihydrate,0.3%
sodium chloride, 0.5% boric acid, 0.12% potassium chloride, 0.006 %
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The results demonstrate that the addition of calcium chloride dihydrate inhibits fungal growth
to an extent greater than the inhibition achieved by stabilized hydrogen peroxide alone.



sodi um chl oride, 0.5% boric acid, 0.12% potassium chloride, 0.006 % WO
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2. The method of claim 1, further comprising adjusting the pH of said alkaline earth metal-

containing solution to between about 5.5 and about 8.0.

3. The method of claim 2, wherein said hydrogen peroxide source is selected from the group

consisting of hydrogen peroxide, sodium perborate, sodium peroxide and urea peroxide.

4. The method of claim 3, wherein said alkaline earth metal-containing solution further
comprises one or more hydrogen peroxide stabilizers selected from the group consisting of
diethylene triamine penta(methylene phosphonic acid), 1-hydroxyethylidene-1,1-
diphosphonic acid, and physiologically compatible salts thereof.

5. The method of claim 4, wherein said stabilizer is 1-hydroxyethylidene-1,1-diphosphonic

acid or physiologically compatible salt thereof.

6. The method of claim 4, wherein said stabilizer is diethylenetriamine penta(methylene
phosphonic acid).

7. The method of claim 5, wherein said solution comprises between about 0.005% and about
0.2% by weight 1-hydroxyethylidene-1,1-diphosphonic acid or physiologically compatible salt

thereof.

8. The method of claim 6, wherein said solution comprises between about 0.002% and about



| ess O adosporiumgrow h than an otherw se identical solution that does not
conprise an alkaline earth netal salt. 2. The nethod of claim1, further
conpri si yoadjosmse ng the pH of said al kaline earth netal - PCOmPas/mi4ng
solution to between about 5.5 and abopt_8.0. 3. The method of claim 2,
wherein said hydrogen peroxide source Is selected fromthe group

consi sting of hydrogen peroxi de, sodi um perborate, sodi um peroxi de and urea
per oxi de. 4. hod of claim3, wherein said alkaline earth
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4, wheo ety §airbask i 2 ek shid) mfaé?eéh)ékw%%f}ﬁgtﬂ%xga@ggh@ymgss acid or

phy5|olog|cally conpatlb e salt thereo Siher ei n
said stabilizer is diethylenetriamne penta(nethylene phosphonic acid). 7.
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and about 0.2% by wei ght roxyet osphonr ¢ acl

physi oP &g bmrwp&mmﬁthmeélumebywaweof 8. The et hod of claim6, wherein
said solution conprises between about 0.002% and about WO 03/ 059069

PCT/ EPO3/ 00450 -11 0.03% by wei ght diethylene triam ne penta(nethyl ene
phosphbhi kheameipd of clainp ) sihsreigisaidisolution onpprises| betwedrt atidue 0 6% ardi  The

met hod d,t @l @), H]s%ol}/ @FQ‘n@ e%%ﬁ%ﬁ! iﬁﬁlb‘?@@elgﬂrﬁ” vative is

hydr oxypr opyl met ose e ‘nmethod of cI aim9, wherein said
sol ution conprises between about 0.1 % and about . 5%

hydr oxypreRVh f.clai 0, wherein
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al kal | exrtremetahsaibbyaveighl t by wei ght 12. The method of claim 11, wherein
said solution conprises about 0.05% di ssolved al kaline earth netal salt by

wei ght. 13. An ophthal m c solution conprising: (a) a hydrogen peroxide
sour cel3. An ophthalmic solution comprising:

(a) a hydrogen peroxide source

(b) a cellulose derivative

(c) water; and

(d) an effective amount of an alkaline earth metal salt such that if said solution is
contaminated with Cladosporium, less Cladosporium growth will occur in said solution than
an otherwise identical solution that does not comprise an alkaline earth metal salt.

14. The solution of claim 13, further comprising adjusting the pH of between about 5.5 and
about 8.0.

15. The solution of claim 13, wherein said hydrogen peroxide source is selected from the
group consisting-of hydrogen peroxide, sodium perborate, sodium peroxide and urea
peroxide.

16. The solution of claim 15, wherein said one or more hydrogen peroxide stabilizers is
selected from the group consisting of diethylene triamine penta(methylene phosphonic acid),

1-hydroxyethylidene-1,1-diphosphonic acid, and physiologically compatible salts thereof.

17. The solution of claim 16, wherein said cellulose derivative is



(b) a cellulose derivative (c) water; and (d) an effective anount of an
al kaline earth netal salt such that if said solution is contamnated with
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bet ween about 5.5 and about 8.0. 15. The solution of claim 13, wherein
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-12- hydroxypropyl net hyl cel |l ul ose. 18. The solution of claim17, wherein
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di ssol ved al kaline earth netal salt by weight. 20. The aqueous sol ution of
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pot ass hiidFoxibsielfyicafide BBttt Codiih Sniofo W 9t(?5§/( g chlor! de
abou ?
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sai d sqletylRtdamiREpUREMARM e ShddpROHc QQ&’)“Enc? about 0.028% sodium perborate

tetrahydrate, wherein the pH of said solution is between about 6.8 and about 7.0.



