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(57) The present invention relates to a stabilized aqueous hydrogen
peroxide solution for use in the disinfection of a soft contact lens
having a hydrogen peroxide content from about 0.5 to about 6 % by
weight hydrogen peroxide wherein the s+ibilized solution contains
from about 0.003 to about 0.03 % by wetiht of diethylene triamine
penta(methylenephosphonic acid) of the formula

H»03P-CH, iﬁz“m’“z CH2~PO3H3
—CH,—CH,— —CHz—CHg—N<
H203P-CH, CH>-PO;3H;

or a physiologically compatible salt thereof, and to én improved

method of disinfecting a soft contact lens with such solution.

CLatm

1‘. . . o .‘
| A method of disinfecting a soft contact lens with a stabilized aqueo
us

hydrogen peroxide solution having a pH between 5.5 and 7.5, a hydr
) ‘ ) ogen
peroxide content of between 0.5 and 6 % :

by weight a1 nd
0.003 and 0.03 % Yy ight, and containing between

by weight of diethylene triamine penta(methylenephos~
phonic acid) or a physiologically compatible salt thereof, as a stabi
lizer, such that the solution, upon decomposition of the hydrogen

peroxide, is physiologically tolerable to the ocular .environmeﬁt
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13. A stabilized'aqueous hydrégen peroxide solution adapted for use in
the disinfection of a soft contact lens, having a pH of between 5.5

and 7.5, a hydrogen peroxide content of between 0.5 and 6 % by weight,
and containing between 0.003 and 0.03 % by weight of diethylene triamine
penta(methylenephosphonic acid) or a physiologically compatible salt
thereof as a stabilizer, wherein said solution, upon decomposition_of the

hydrogen peroxide, is'phyéiologically tolerable to the ocular environ-
< .
ment.
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Complete Specification for the invention entitled:

DISINFECTING COMPOSITION FOR SOFT CONTACT LENSES CONTAINING
A STABILIZED HYDROGEN PEROXIDE SOLUTION

The following statement is a full description of this invention, including the best method of performing it knownte :- US
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Disinfecting Composition For Soft Contact Lenses Containing A

Stabilized Hydrogen Peroxide Solution

The present invention relates to a stabilized aqueous hydrogen

peroxide solution for use in the disinfection of a soft contact lens

having a hydrogen peroxide content from about 0.5 to about 6 % by
weight hydrogen peroxide wherein the stabilized solution contains
from about 0.003 to about 0.03 % by weight of diethylene triamine
penta(methylenephosphonic acid) of the formula

Ho—PO3H2

>N—CH2—CHg—i—CHg—CH2—N<

H203P-CH; CH2-PQ3H2

H,03P—CHg CH»—PO;3H;

or a physiologically compatible salt thereof, and to an improved

method of disinfecting a soft contact lens with such solution.

Soft contact lenses arw characteristically prepared from hydrophilic
polymers, such as polymers of hydroxyethyl methacrylate (HEMA), . i

crosslinked with a conventional crosslinl.ng agent, such as ethylene b

" glycol dimethacrylate (EGDMA), or more complex copolymer systems

including copolymers of HEMA, EGDMA, methacrylic acid and/or
poly-N-vinylpyrrolidone, and the like. Other hydrophilic monomers
conventionally employed in varying amounts in the manufacture of
soft contact lenses include, for exauple, N-vinylpyrrolidone,
glyceryl methacrylate, diethylene glycol monomethacrylate, tri-
ethylene glycol ménomethacrylate, allyl 2-hydroxyethyl ether,
acrylic acid, acrylamide, N,N-dimethylacrylamide, and the like.

Other conventional crosslinking agents commonly employed include,
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inter alia, diallyl ether, divinyl benzene, diethylene glycol
dimethacrylate, triethylene glycol dimethacrylate, diallyl succin-
ate, allyl methacrylate, glycerin tri-methacrylate, and the like.
Moreover, various amounts of relatively hydrophobic monomer units
can be employed in the manufacture of soft contact lens materials,
as long as the final copolymer network exhibits the desired hydro-
philic characteristics. Typical hydrophobic monomers include methyl
methacrylate, glycidyl methacrylate, N-(1,l1-dimethyl-3-oxobut-
vl)acrylamide, siloxane methacrylates, perfluoroalkyl methacrylates,
perfluoroalkoxyperfluoroalkyl methacrylates, and the like. In
generai, such lenses exhibit marked hydrophilic properties and, when

wet, absorb water and are soft and flexible.

While these lenses are not actually perforate, they do have a
sufficient degree of molecular porosity to permit water, oxygen and
tear fluids to permeate the lens structure. In order for the
disinfection of such lenses to be effective after they have been
worn; 1t is important that contaminants be removed from both
surfaces, and the interior of the lens, to the extent contaminants
are present therein. Hydrogen peroxide in the form of a dilute
solution, e.g. about 0.5 to 6 % by weight in water, 1s known to be
effective for use with contact lenses in order to kill any con-

taminating mi:roorganisms.

One drawback with unstabilized dilute hydrogen peroxide solutions,
however, is that without the use of a stabilizer or a combination of
stabilizers, the aqueous peroxide solutions characteristically
decompose over a period of time. The rate at which such dilute
hydrogen peroxide solutions decompose will, of course, be dependent
upon such factors as pH and the presence of trace amounts of various
metal impurities, such as copper or chromium, which may act to

catalytically decompose the same.

Moreover, at moderately elevated temperatures the rate of decompo-
sition of such dilute aqueous hydrogen peroxide solutions is greatly

accelerated.

1
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A large variety of stabilizers has been proposed for use with
hydrogen peroxide to deactivate trace catalytic impurities, inclu-
ding stannous salts, ethylene diamine tetraacetic acid, and the

like.

For exampl=s, U.S. Patent 3,860,391 discloses bleaching compositions
containing hydrogen peroxide and, as a stabilizer, amino lower
alkylene polyphosphonates, including diethylene triamine penta-
(methylenephosphonic acid) or salts thereof, and/or hydroxy alkane
phosphates, with or without additional stabilizer constituents, and
adjusted to a pH of between about 9.0 and 12.0 with, e.g. sodium
hydroxide, for the bleaching of cellulose materials. Exemplified are
compositions having a pH of 12.0.

Unfortunately, such highly basic compositions are undesirable in a
contact lens environment and especially in the disinfection of

contact ‘lenses.

Thus, it is essential that the hydrogen peroxide containing solu-
tions employed be, upon disinfection of the contact lenses and
decomposition of the hydrogen peroxide, sufficiently compatible with
the ocular environment so as not to occasion ocular irritation or
damage if the disinfected contact lens containing the residual

solution absorbed by the lens, is placed into the eye.

Caustic compositions, for example, can occasion severe ocular

irritation and damage to the ocular tissue:

It is thus an object of the present invention to provide a method of
disinfecting a soft contact lens with a stabilized aqueous hydrogen
peroxide solution having a pH of about 5.5 to .about 7.5, employing
diethylene triamine penta(methylenephosphonic acid) or a physiolo-=
gically compatible salt thereof, as a stabilizer, such that upon

disinfection of such contact lens and decomposition of residual
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hydrogen peroxide, the resulting solution, absorbed by and adhering
to said lens, is physiologically tolerable to the ocular environ-

ment.

It is a further object of the present invention to provide stabi-

lized aqueous hydrogen peroxide solutions for use in such method.

These and other objects. of the present invention are apparent from

the following more specific disclosures.

One embodiment of the present invention relates to a method of
disinfecting a soft contact lens with a stabilized aqueous hydrogen
peroxide solution having a pH between about 5.5 and about 7.5, a
hydrogen peroxide content of between about 0.5 and about 6 % by
weight, and containing between about 0.003 and about 0.03 % by
weight of diethylene triamine penta(methylenephosphonic acid) or a
physiologically compatible salt thereof, as a stabilizer, such that
the 'solution, upon decomposition of the hydrogen peroxide, 1is

physiologically tolerable to the ocular environment.

An alternate embodiment of the present invention relates to a

‘'stabilized aqueous hydrogen peroxide solution adapted for use in the

disinfection of a soft contact lens, having a pH of between about

5.5 and about 7.5, a hydrogen peroxide content of between about 0.5

and about 6 % by weight, and containing between about 0.003 and
about 0.03 % by weight of diethylene triamine penta(methylenephos-
phonic acid) or a physiologically compatible salt thereof as a
stabilizer, wherein said solution, upon decomposition of the
hydrogen peroxide, is puysiologically tolerable to the ocular

environment.

Physiologically compatible salts of diethylene. triamine penta(meth-
ylenephosphonic acid) include, for example, water soluble salts with
conventional pharmaceutically acceptable cationic moieties, inclu-
ding the alkali metal, alkaline earth metal, ammonium and amine

cations. Suitable amine salts include, for example, mono-, di- and
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tri-lower alkyl amines, such as methylamine, ethylamine, diethyl-
amine, triethylamine, dimethylamine, trinethylamine, propylamine,
and the like; and mono-, di- and tri-lower hydroxyalkyl amines, such
as ethanolamine, diethanolamine, triethanolamine, glucamine,

2-hydroxypropylamine, and the like.

By "lower", e.g. in the context of an alkyl group, is meant a group

having up to 6 carbon atoms, preferably up to 4 carbon atoms.

Preferably, the concentration of hydrogen peroxide in the stabilized
solution is between about 2 % and 6 % by weight, based upon the
welght of the formulation.

Preferably, diethylene triamine penta(methylenephosphonic acid) or a
salt thereof is present in the stabilized composition in an amount
between about 0.006 and about 0.02 % by weight of the composition,
and most preferably between about 0.006 and about 0.0120 % by weight
of the composition.

If desired, additional conventional stabilizers may be employed in
conjunction with the diethylene triamine penta(methylenephosphonic

acid) or salt stabilizer in accordance with the present invention.

Suitable conventional stabilizers include: water soluble stannates,
such as alkali metal or ammonium stannates, for example sodium
stannate, alone or in combination with a water soluble phosphate,
polyphosphate or metaphosphate salt, such as an alkali metal or
ammonium salt thereof; or an amino polycarboxylic acid chelating
agent, such as ethylene diamine tetraacetic acid, nitrilo triacetic
acid or a water soluble salt thereof, such as an alkali metal or
ammonium salt, especially the sodium salt, or mixtures thereof.
Where such additional stabilizers are employed, they are generally
employed in a physiologically tolerable amount, e.g. in an amount of

about 0.002 to about 0.1 % by weight.
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However, the presence of additional stabilizers is on no account
essential. In contrast to the prior art where diethylene triamine
penta(methylenephosphonic acid), when used as a stabilizer of
hydrogen pero»ide solutions, as in U.S. patents 4,294,575; 4,525,291
or 4,614,646, is generally used in a combination with other
stabilizers, the presence of additional stabilizers is preferably
limited in the solutions and methods according to the present

invention.

Thus, a preferred embodiment of the invention is a solution or a
method as defined hereinbefure wherein diethylene triamine
penta(methylenephosphonic acid) or a physiologically compatible salt
thereof 1s the substantially effective stabilizer. In a more
preferred embodiment the additional presence of stabilizing alkali
metal polyphosphates or polyalkylenepolycarboxylic acids is
excluded. An even more preferred embodiment relates to solutions and
methods as defined hereinbefore wherein diethylene triamine
penta(methylenephosphonic acid) or a physiologically compatible salt
thereof 1s the only effective stabilizer.

The pH of the stabilized solution is, as stated above, between about

5.5 and about 7.5. Preferably, the pH of the stabilized hydrogen
peroxide solution is between about 6 and about 7, most preferably
between about 6.2 and about 6.8. The pH can be adjusted as desired
by inccrporation of suitable amounts of acid or base of a physio-

logically tolerable nature in the amounts employed.

Also, there may be present in the stabilized hydroger peroxide
solution according to the present invantion; one or more comnven-
tional, substantially inert, physiologically ac¢ceptable toaicity
enhancing agents. Suitably such agents include, for example alkali
metal halides, phosphates, hydrogen physphates, and boraﬁes.
Preferred are sodium chloride, sodium phosphate monobasic and sodium
phosphate dibasic. The function of such tonicity enhancing agents is

to increase the comfort level of the solution, after decomposition
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of the hydrogen peroxide during or subsequent to contact lens
disinfection, which adheres to the contact lens, in the eye of the

patient.

Preferably sufficient tonicity enhancing agents are present in the
solution, such that, upon decomposition of the hydrogen peroxide
therein, the resulting solution is substantially isotonic, e.g. sub-
stantially equivalent to a 0.9 % by weight aqueous sodium chloride

solution.

In use, the contact lens to be disinfected is removed from the eye
of the patient and placed into a solution of the stabilized hydrogen
peroxide to disinfect the lens. Upon disinfection the hydrogen
peroxide is decomposed, e.g. by the use of a conventional catalyst,
such as a platinum catalyst on a support, oi catalase, or by the use
of a physiologically acceptable hydrogen peroxide decomposition
agent, such as a physiologically acceptable reducing agent, inclu-
ding pyruvic acid or suitable salts thereof, e.g. the sodium salt.
The lens can thereafter be stored in the resulting solution until

reinsertion into the eye.

In general, the stabilized hydrogen peroxide sclutions of the
present invention are characterized by their extraordinary stabi-
lity, even under accelerated conditions, for example by heating the
solutions to 100°C for 24 hours. Moreover, the instant compositions
are characterized by their physiological tolerability subsequent to
hydrogen peroxide decomposition.

The following examples are presented for illustrative purposes and
are not intended to limit the scope of this invention. All parts are

by weight unless otherwise indicated.

Example 1: Into 80 ml distilled deionized water there is added
0.8655 g sodium chloride, 0.0622 g sodium phosphate dibasic (anhyd-
rous), 0.0072 g sodium phosphate monobasic (monohydrate) and 0.006 g
diethylene triamine penta(methylenephosphonic acid) with stirring.
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To the resulting solution there is added 31 % aqueous hydrogen
peroxide in an amount of 10 ml, and sufficient distilled deionized
water is added to result in a total volume of 100 ml. Thereupon the
pH is adjusted to 6.5 by the dropwise addition of dilute aqueous

hydrogen chloride or sodium hydroxide.

The resulting stabilized 3 % hydrogen peroxide is then heated to
100°C for a period of 24 hours. The solution possesses a "hot
stability" of above 95 %, i.e. the amount of the hydrogen peroxide
present in the after-heated sample related to the before-heated

sample exceeds 95 %.

Example 2: The procedure of example 1 is duplicated, except that
typical deionized water is employed. Again, the hot stability of the

resulting stabilizea hydrogen peroxide solution is above 95 %.

Example 3: The procedure of example 1 is duplicated, except that
conventional soft tap water is employed. Qace again, the hot

stability of the resulting stabilized hydrogen peroxide solution is
above 95 %.




THE CLAIMS DEFINING THE INVEKTION ARE AS FOLLOWS:

1. A method of disinfecting a soft contact lens with a stabilized aqueous
hydrogen peroxide snlution having a pH between 5.5 and 7.5, a hydrogen
peroxide content of between 0.5 and 6 % by weight, and containing between
0.003 and 0.03 % by weight of diethylene triamine penta(methylenephos-
phonic acid) or a physiologically compatible salt thereof, as a stabi=
lizer, such that the solution, upon decomposition of the hydrogen

peroxide, is physiologically tolerable to the ocular environment.

2. A method according to claim 1, wherein said solution has a hydrogen
peroxide content of 2 to 6 % by weight, based upon the weight of

solution.
3. A method according to ¢laim 1, wherein the pH is between 6 and 7.
4. A method according to claim 1, wherein the pH is between 6.2 and 6.8.

5. A method according to claim 1, in which the concentration of dieth-
ylene triamine penta(methylenephosphonic acid) is between 0.006 and

0.02 % by weight of the composition.

6. A method according to claim 1, wherein said solution, upon decomposi-

tion of the hydrogen peroxide therein, is substantially isotonic.

7. A method according to claim 2, wherein said solution, upon decomposi-

tion of the hydrogen peroxide therein, is substantially isotonic. !

8. A method according to claim 1, wherein, upon disinfection of said
lens, the hydrogen peroxide in said solution is decomposed by the use of
an effective amount of a hydrogen peroxide decomposition catalyst or

agent. '

9. A method according to claim 8, wherein upon hydrogen peroxide decom-

position, said solution is substantially isotonic.
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10. A method according to claim 1, in which said solutiorvi additionally
contains between 0.002 and 0.1 % of a water soluble stannate or amino

polycarboxylic acid chelating agent.

11. A method according to claim 1, wherein in said solution the presence
of alkali metal polyphosphates or polyalkylene polycarboxylic acids as

additional stabilizer is excluded.

12. A method according to claim 1, wherein in said solution diethylene
triamine penta(methylenephosphonic acid) or a physiologically compatible

salt thereof is the only effective stabilizer.

13. A stabilized aqueous hydrogen peroxide solution adapted for use in
the disinfection of a soft contact lens, having a pH of between 5.5

and 7.5, a hydrogen peroxide content of between 0.5 and 6 % by weight,
and containing between 0.003 and 0.03 % by weight of diethylene triamine
penta(methylenephosphonic acid) or a rpliysiologically compatible salt
thereof as a stabilizer, wherein said solution, upon decomposition of the
hydrogen peroxide, is physiologically tolerable to the ocular environ-

ment.

14. A solution according to claim 13, wherein said solution has a
hydrogen peroxide content of 2 to 6 % by weight, based upon the weight of

solution.

15. A solution according to claim 13, wherein the pH is between 6 and 7.

16. A solution according to claim 13, wherein the concentration of

diethylene triamine penta(methylenephosphonic acid) is between 0.006 and

n

0.02 % by weight based upon the weight of solution.

17. A solution according to claim 13, wherein said solution, upon

decomposition of the hydrogen peroxide therein, is substantially iso-

tonic.
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18. A solution according to claim 14, wherein said solution, upon

decomposition of the hydrogen peroxide therein, is substantially iso-

tonic.

19. A solution according to claim 17, wherein the pH is between 6 and 7.

20. A solution according to claim 19, which additionally contains between

0.002 and 0.1 % of a water soluble stannate salt or amino polycarboxylic

acid chelating agent.

21. A solution according to claim 13, wherein the presence of alkali

metal polyphosphates or polyalkylene polycarboxylic acids as additional

stabilizer is excluded.

22. A solution according to claim 13, wherein diethylene triamine
penta(methylenephosphonic acid) or a physiologically compatible salt

thereof is the only effective stabilizer.

DATED this 3rd day of August, 1990.

CIBA-GEIGY AG

By its Patent Attorneys

ARTHUR S CAVE & CO.




