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METHOD FOR SMULTANEOUSLY CLEANING 
AND OSNFECTING CONTACT LENSES US NGA 
MXTURE OF PEROXOE AND PROTEO LTC 

ENZYME 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifice 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND 
This invention relates to a method and composition 

for cleaning and disinfecting contact lenses. More spe 
cifically, this invention covers the simultaneous clean 
ing and disinfecting of contact lenses by means of a 
solution containing a mixture of peroxide and peroxide 
active enzymes, particularly proteolytic enynes. 

RELATED ART 

The evolution of contact lenses from glass to the 
present extended wear lenses based on hydrophilic pol 
ymeric materials has provided a shifting and changing 
need for new and more effective means for cleaning and 
disinfecting such lens materials to maintain optical clar 
ity, wearability and prevent the transfer of infectious 
agents into the eye. 

Glass and the early polymers such as polymethyl 
methacrylate (PMMA) lenses could be readily cleaned 
by manual means using detergent because of their rigid 
ity and hydrophobic character. While such materials 
are, to a certain degree, wetted by the naturally occur 
ring aqueous layer on the eye and tears, they are lipo 
philic to a degree such that all soils, with the possible 
exception of lipids, are readily removed by manual 
cleaning with detergents. Hydrophilic materala, partic 
ularly polypeptides and enzymes such as lysozyme do 
not adhere significantly to these materials and are 
readily removed by cleaning with surfactant and deter 
gent. 

Class and PMMA based contact lenses are also 
readily disinfected by detergent cleaning means. Me 
chanical cleaning processes readily remove adhered 
infectious materials. Secondly, since these types of ma 
terials are non-porous, chemical disinfectants can be 
included in storage and cleaning solutions without ab 
sorption of the disinfectant into the lens and leaching of 
this disinfectant into the eye during wear. Thus, there is 
minimal concern about the physical removal of infec 
tious agents and the maintaining of sterility by chemical 
means during storage and in maintaining the sterility of 
cleaning wetting and storing solutions. 
Advanced in polymer technology have provided sig 

nificant increased in wearer comfort and eye health, but 
have resulted in novel problems for cleaning and disin 
fecting such materials. 
A lens is most confortable on the eye when the sur 

face is wettable by eye fluid and tear solution. In all 
contact lens polymer now in use, except for the 
PMMA lenses, the lens surface is naturally hydrophilic 
or treated to make it hydrophilic. This is achieved by 
means of multiple negative charges, usually carboxylate 
in form, and neutral groups which provide a hydro 
philic environment readily wetted by the fluid layer 
covering the cornea. Such negatively charged hydro 
philic surfaces are present not only on the hydrogel 
lenses but also on more rigid lenses such as the or 
ganosiloxane-methacrylate lenses (Polycon (R) and sili 
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cone elastoner based lenses. In this latter category, the 
silicone elastomer lenses, the hydrophobic surface is 
coated or otherwise treated to render the surface hydro 
philic. 

Proteinaceous materials adsorbs to the hydrophilic 
lens surface during day-to-day wear. On all but purely 
PMMA lenses, the adsorption is so strong that even 
with lenses such as the rigid polysiloxane/methylnetha 
crylate copolymers, manual detergent cleaning methods 
do not adequately remove this accretion. So-called 
hydrogel lenses, those materials prepared from hydrox 
yethylmethacrylate, hydroxyethylmethylmethacrylate, 
vinylpyrrollidone and glycerolmethacrylate monomers 
and methacrylic acid or acid esters, and which absorb a 
significant amount of water, i.e., 35-80 percent water, 
are so fragile that mechanical cleaning means is not a 
practical way of removing soilant, particularly the 
strongly absorbed proteinaceous materials. 
The resultant is that over time, the buildup of such 

materials can result in wearer discomforts and, more 
importantly, interfere with the optical characteristics of 
the lenses, particularly reduced light transmission and 
increased light defraction. Also, protein buildup results 
in eye irritation, loss of visual acuity, lens damage and in 
certain instances there may result a condition called 
giant papillary conjunctivitis. 

Research has determined that the primary source of 
this protein build-up is the lysozyme enzyme. Addition 
ally there may be lipoproteins and mucopolysaccha 
rides adsorbed onto the lens surface, but proteins perse, 
particularly lysozyme materials are the major source of 
lens protein accretions. These enzymes, along with 
minor amounts of similar proteins, lipoproteins and 
nucopolysaccharides accumulate on the surface of hy 
drophilic lens materials. 
The only safe and effective means found to date for 

renoving this accretion is the use of enzymes, whose 
hydrolytic activity reduce the proteinaceous materials 
to small, water soluble subunits. Particularly useful are 
proteolytic enzymes, proteases, which hydrolyze amide 
bonds to break proteins down into amino acids and very 
small polypeptides. These protein fragments are gener 
ally water soluble and thus are easily solubilized by the 
surrounding aqueous environment. U.S. Pat. No. 
3,910,296 discloses the use of proteases for cleaning 
contact lenses. See also U.S. Pat. No. 4,285,738. En 
zymes with lipolytic and or mucolytic activity are also 
of use in discrete amounts with proteolytic enzymes for 
lens cleaning. 
A second problem with gas permeable contact lenses, 

especially the hydrogel or high-water contact lenses 
made fron HEMA, WP and GMA monomers, are con 
cerns with disinfecting and maintaining the sterility of 
the lenses and lens storage solutions. 
A number of methods have been devised for disin 

?ecting lenses, including the use of high temperature, 
sterile saline solution washes and chemicals, e.g., Anti 
microbial drugs or oxidation processes. 

Heat has been effective to a substantial degree but has 
the drawbacks of making additional cleaning more diff 
cult, i.e., denaturization of protein and the solidification 
of protein and other deposits on the lenses. 

Sterle saline can be used to clean and soak lenses. 
Such solutions are not always sterile though as certain 
microbes can live in a saline environment and spores are 
not totally inactivated by sterile saline solutions. 
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In the chemical means category, the use of so-called 
drugs, heavy metal-based antimicrobials such as 
thinerisol and trialkylannonium halides and con 
pounds such as benzylakonium chloride or similar come 
pounds, have the potential problem of wearer discom 
fort if used incorrectly. The characteristics of such 
drugs which make then good microbiosides, also carry 
the possible phenomena of eye irritability. This phe 
nomena is particularly present with the hydrogel type 
lens materials since the drug accumulates in the lens and 
is then released onto the eye during wear. Such drugs 
may cause eye discomfort for some people, sufficient to 
cause them to seek alternative means for sterizing 
lenses. 

In response to the problems with maintaining sterility 
with drugs, heat and saline, the use of oxidants has 
become an area of substantial interest for disinfecting 
contact lenses. Several two and one step systems based 
on peroxides have been developed for disinfecting 
contact lenses. One system is illustrated by U.S. Pat. 
No. 3,912,431 issued to C. Gaglia. Another is U.S. Pat. 
No. 4,473,550 issued to Rosenbaun, et al. 

It has now been found that contact lenses may be 
simultaneously cleaned and disinfected by combining in 
one solution a peroxide for disinfecting and a peroxide 
active enzyme for cleaning particularly a peroxide 
active proteolytic enzyme. Surprisingly, there is an 
increase in the effect of each individual component 
when presented in combination. That is, proteinaceous 
material removed is potentiated several fold by the 
presence of peroxide and the disinfecting rate is potenti 
ated when the peroxide-active enzyme is present. The 
total result is that in one step, contact lenses can now be 
cleaned and sterilized more effectively than by indepen 
dent use of the two components. 

Peroxides and proteases have been combined in laun 
dry detergents and for cleaning dentures. For example, 
U.S. Pat No. 3,732,170 relates to a biological cleaning 
composition containing an enzyme and a source of per 
oxide, particularly an alkali-metal monopersulfate triple 
Salt. The essence of this invention is a process for clean 
ing "proteinic" blood stains from a material, a laundry 
aid. This combination is noted to be formulated prefer 
entially with an anionic detergent. 
As another example, U.S. Pat No. 4,155,868 recites a 

water soluble, effervescent deature cleanser tablet con 
taining an enzyme and an active oxygen compound. 
The essence of this invention is the formulation of a 
tablet in such a manner as to prevent the premature 
inactivation of the enzyme by the oxidizing agent dur 
ins storage. 
Sodium pertorate and enzymes are known compo 

nents of modern laundry detergents. A review of this 
art is given by Oldenroth, O., in the German publication 
Fette Seifen Anstrichnittel, 1970 (72(T)), 582-7. This 
article indicates that the removal of denatured egg yolk 
from fabric is effected by bacterial proteases, but in the 
presence of perborates, the effectiveness of the pro 
teases was decreased. 
None of these disclosures teaches or contemplatea the 

use of such compositions for cleaning and disinfecting 
contact lenses or the enhancement effect one compo 
nent has on the activity of the other. 

SUMMARY OF THE INVENTION 
In one aspect, this invention relates to a method for 

the simultaneous cleaning and disinfecting of contact 
lenses, particularly one having a hydrophilic surface, 
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4. 
which method comprises contacting the lenses with a 
Solution comprises of a disinfecting amount of peroxide 
and an effective amount of peroxide-active proteolytic 
enzyme for a time sufficient to remove substantially all 
protein accretions and to disinfect the lenses. 

SPECIFIC EMBOOMENTS 
The concept of combining an enzyme and peroxide, 

to effect disinfecting and cleaning in one step can be 
applied to proteolytic, lipolytic and mucolytic enzymes, 
individually or in combination. 
A peroxide-active enzyme is any enzyme having mea 

surable activity at 3% (wav) hydrogen peroxide in 
Aqueous solution at standard temperature and pressure 
as determined by such colorimetric assays as the Azo 
coll method, Tomarelli, R. M., et al., J. Lab. Clin. Med., 
34, 428 (1949), or the dimethyl casein method for deter 
mining proteolytic activity as described by Yaun Lin, et 
al., J. Biol. Chen, 244: (4) 789-793. (1969). 

Enzymes may be derived from any plant or animal 
source, including microbial and mammalian sources. 
They may be neutral acidic or alkaline enzymes. 
A proteolytic enzyme will have in part or in total the 

capacity to hydrolyze peptide amide bonds. Such en 
zymes may also have Some inherent lipolytic and/or 
amylolytic activity associated with the proteolytic ac 
tivity. 

Preferred proteolytic enzymes are those which are 
substantially free of sulfhydryl groups or disulfide 
bonds, whose presence may react with the active oxy 
gen to the detriment of both the activity of the active 
oxygen and which may result in the untinely inactiva 
tion of the enzyme. Metallo-proteases, those enzymes 
which contain a divalent metal ion such as calcium, 
magnesium or zinc bound to the protein, may also be 
used. 
A more preferred group of proteolytic enzymes are 

the serine proteases, particularly those derived from 
Bacillus and Streptomyces bacteria and Asperigillus 
molds. Within this grouping, the more preferred en 
zymes are the Bacillus derived alkaline proteases gener 
cally called subtilisin enzymes. Reference is made to 
Deayl, L, Moser, P. W. and Wildi, B. S., "Proteases of 
the Genus Bacillus, I alkaline Proteases." Biotechnol 
ogy and Bioengineering. Vol. XII, pp. 213-249 (1970) 
and Keay, L. and Moser, P. W., "Differentiation of 
Alkaline Proteases form Bacillus Species' Biochemical 
and Biophysical Research Conn, Vol. 34, No. 5, pp. 
600-604, (1969). 
The subtilisin enzymes are broken down into two 

sub-classes, subtilisin A and subtilisin B. In the subtilisin 
A grouping are enzymes derived from such species are 
B, subtilis, B. lichenifornis and B. punilis. Organisms in 
this sub-class produce little or no neutral protease or 
amylase. The subtilisin B sub-class is made up of en 
zyme from such organisms as B. Subtilis, B. Subtilis var. 
amylosacchariticus B. amyloliquefaciens and B. subtilis 
NRRL, B3411. These organisms produce neutral pro 
teases and anylases on a level about comparable to their 
alkaline protease production. 

In addition other preferred enzymes are, for example, 
pancreatin, trypsin, collaginase, keratinase, carboxylase, 
aminopeptidase, elastase, and aspergillo-peptidase. A 
and B, pronase E (from S. griseus) and dispase (from 
Bacillus polymyxa). 
The identification, separation and purification of en 

zynes is an old art. Many identification and isolation 
techniques exist in the general scientific literature for 
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the isolation of enzymes, including those enzymes hav 
ing proteolytic and mixed proteolytic/amylolytic or 
proteolytic/lipolytic activity. The peroxide stable en 
zymes contemplated by this invention can be readily 
obtained by known techniques from plant, animal or 
microbial sources. 
With the advent or recombinant DNA techniques, it 

is anticipated that new sources and types of peroxide 
stable proteolytic enzymes will become available. Such 
enzymes should be considered to fall within the scope 
of this invention so long as they meet the criteria for 
stability and activity set forth herein. See Japanese laid 
open application No. 60030-685 for one example of the 
production of proteases by recombinant DNA from 
Bacillus subtilis. 
An effective amount of enzyme is to be used in the 

practice of this invention. Such amount will be that 
amount which effects renoval in a reasonable time (for 
example overnight) of substantially all proteinaceous 
deposits from a lens due to normal wear. This standard 
is stated with reference to contact lens wearers with a 
history of normal pattern of protein accretion, not the 
very small group who may at one time or another have 
a significantly increased rate of protein deposit such 
that cleaning is recommended every two or three days. 
The amount of enzyme required to make an effective 

cleaner will depend on several factors, including the 
inherent activity of the enzyme, the full extent of its 
Synergistic interaction with the peroxide among several 
factors stand out as pertinent considerations. 
As a baric yardstick, the working solution should 

contain sufficient enzyme to provide between about 
0.001 to 5 Anson units of activity, preferably between 
about 0.01 and l Anson units, per single lens treatment. 
Higher or lower amounts may be used. Enzyme concen 
trations lower than these stated here probably will serve 
to clean the lens if sufficient time is allowed but such 
time may be so long as to be practically not useful in a 
usual lens cleaning and disinfecting regimen. Solution 
with higher activity should effect more rapid cleaning 
but may involve amounts of material which are too 
sizeable for practical cleaning purposes. 

In weight/volume terms, since enzyme preparations 
are seldon pure, it is expected that the enzyme source 

s 
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33 

will be used in announts between about 0.003 to 15% of 43 
the final working solution. The precise annount will 
vary with the purity of the enzyme and will need to be 
finally determined on a lot-by-lot basis 
Enzyme activity is pH dependent so for any given 

enzyme, there will be a particular pH range in which 
that enzyme will function best. The determination of 
such range can readily be done by known techniques. It 
is preferred to manipulate the working solution to an 
optimum pH range for a given enzyme but such is not 
an absolute requirement. 
The peroxide source may be any one or more com 

pounds which gives active oxygen in solution. Exam 
ples of such compounds include hydrogen peroxide and 
its alkali metal salts, alkali metal perborate nonohy 
drate and tetrahydrate, alkali metal persulfatea, alkali 
metal carbonate peroxide, diperisophthalic acid, perox 
ydiphosphate salts and sodium aluminum anninohy 
droperoxide. Hydrogen peroxide and the sodium salts 
of pertorates and persulfates are most preferred. 
A disinfecting amount of peroxide means such 

amount as will reduce the microbial burden by one log 
in three hours. More preferably, the peroxide concen 
tration will be such that the microbial load is reduced by 

30 
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6 
one log order in one hour. More preferred are those 
peroxide concentrations which will reduce the micro 
bial load by one log unit in 10 minutes or less. 
A single peroxide concentration can not be made to 

apply to all peroxides as the percentage of active oxy 
gen varies substantially between peroxides. 
For hydrogen peroxide, on the lower side, a 0.5% 

weight/volume concentration will meet the first criteria 
of the preceding paragraph under most circumstances. 
It is preferred to use 1.0% to 2.0% peroxide, which 
concentrations reduce the disinfecting and cleaning 
time over that of the 0.5% peroxide solution. It is most 
preferred to use a 3% hydrogen peroxide solution 
through an amount of 10% may be used. No upper limit 
placed on the amount of hydrogen peroxide which can 
be used in this invention except as limited by the re 
quirement that the enzyme retains proteolytic activity. 
So far as other peroxides are concerned, the only 

limitation placed on their concentration is that they 
exhibit synergistic activity in combination with the 
peroxide-stable enzyme at a given concentration with 
regard to cleaning and disinfecting. For example, it has 
been found that sodium perborate at concentrations of 
0.02% weight/volume will potentiate the enzymatic 
removal of protein from contact lenses. The appropriate 
concentrations of any given peroxide will be a matter 
finally to be determined through routine laboratory 
testing. 

Additional materials may be added to the formula 
tions, for example, tonicity agents, effervescing agents, 
stabilizers, binders, buffering agents, enzyme co-factors, 
disulfide bond reducing agents such as water-soluble 
mercaptana and salts of sulfites, pyrosulfites and dithio 
nites and the like, agents to inactivate residual peroxide 
and the like. 

Formulation of peroxide and enzyme may require 
stabilizing agents to prevent premature inactivation of 
both components. For solutions, it may be necessary or 
appropriate to add materials to stabilize the peroxide, 
particularly against metal-induced catalytic degrada 
tion. It may also be appropriate to add buffering agents 
to these solutions to maintain pH within a particular 
given range. Salts or other materials such as polyalco 
hols or the like may be added to modify the tonic value 
of such solutions. 

in tablets or powders, the same considerations may be 
in effect in the sense of adding in salts, buffers and stabie 
lizers so that when the tablet is dissolved, the appropria 
ate pH and tonic value will be present. With tablets and 
powders it may also be appropriate to add effervescing 
agents. In addition, binders, lubricants for tableting 
purposes and any other excipients normally used for 
producing powders, tablets and the like, may be incor 
porated into such formulations. Indicators, colorants 
which indicate the presence or absence of peroxides 
may also be incorporated into these formulations, 
To practice the invention, a solution of peroxide and 

enzyme is prepared and the lenses contacted with this 
solution, preferably by being innersed in the solution. 
The lenses will be left in contact with such solution long 
enough to that substantially all protein is removed from 
the lenses surfaces and the lenses are disinfected. 
The method of sequence of combining the essential 

components to make up the solution which contacts the 
lenses will vary with the physical characteristics of the 
component employed; but order of addition is not criti 
cal to the practice of this invention. For example, if 
hydrogen peroxide is used it will not be reasonably 
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possible to formulate a tablet or powder of all the corn 
ponents. Thus when hydrogen peroxide is not the per 
oxide source, it will be necessary to mix enzyme and 
other dry ingredients with aqueous peroxide. It is most 
convenient to formulate the enzyme and other dry com 
onents as a powder or tablet and to dissolve such nate 

rial in a peroxide solution, then introduce the lenses into 
this solution. The lenses could already be in the perox 
ide solution when the enzyme is introduced but practi 
cal considerations make the first method the preferred 
Oce. 
There is no particularly preferred form for the mau 

facturing of these materials. The two essential compo 
nents may be formulated as separate components in dry 
or aqueous form. They may be combined in a single 
tablet or powder or one may be in dry form while the 
other is manufactured as an aqueous solution. 
The final form will depend in part upon the type of 

peroxide source used in the formulation. It is anticipated 
that the powder or tablet form of this invention could 
also be in an effervescent for to enchance tablet 
breakup and to enhance the solubility rate of the ingre 
dients. If a granular peroxide is employed, it will be 
possible to prepare powders and/or tablets from the 
several components of this invention. Where the perox 
ide is in solution form, it may be necessary to provide 
the enzyme from a second source in order to prevent 
long-term degradation of the enzyme. 
Other energy input may be employed to potentiate 

the solution's cleaning and disinfecting effect. For ex 
ample, ultrasonic devices are known to potentiate the 
speed at which proteases work in such circumstances as 
the cleaning and disinfecting rates. 
The practice of this invention is not to be liaited 

temperature-wise except by those temperature extremes 
which would substantially inactivate the proteolytic 
capability of the enzymes employed. Enzymatic activ 
ity is a function of temperature, some enzymes being 
considerably more labile than others to temperature 
extrenes, particularly temperature increases. Other 
enzymes are beat stable and remain significantly active 
at temperatures of 70' C. or higher. Other enzymes 
retain substantial amounts of activity at or just above 
the freezing temperature of water. While the preferred 
temperature range for practicing this invention is be 
tween 20' and 37 C., particularly about 22'-25' C, it 
may be possible to practice this invention with certain 
peroxide-active enzymes in the temperature range be 
tween about 5' C. to 100 C. 
One embodiment of this invention is to prepare a 

room temperature solution of enzyme and peroxide and 
to place this solution, along with the contact lens in a 
contact lens heat disinfecting unit and run the unit 
through its the normal heat cycle. This is but one exam 
ple of the heat variable aspects of this invention. 

It is also contemplated that certain components may 
be separately prepared in a manner to effect the timed 
release of that component or to prevent interaction of 
component 1 with component 2 during tablet and pow 
der preparation and subsequent storage. For example, in 
certain instances it may be appropriate to separately 
prepare the peroxide and the enzyme in a manner to 
prevent or reduce their interaction in a tableting process 
and upon subsequent storage thereafter. 

In addition, solutions or powders may contain agents 
for detoxifying residual peroxide as part of the overall 
process of cleaning, disinfecting and ultimately the re 
moval of residual peroxide. Enzymes which catalyze 
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the conversion of peroxides to oxygen and water can be 
included in these formulations to remove residual per 
oxide in anticipation of inserting the lens back into the 
eye. For example catalases, organic enzymes which 
catalyze the degradation of peroxides, can be incorpo 
rated into tablets and powders, particularly in time 
release form. Additionally, metals such as the heavy 
metal transition elements which catalyze the conversion 
of peroxide to oxygen and water, can be included in a 
powder or tablet formulation, again preferably in some 
delayed release form to provide a method for reducing 
to a non-toxic level any residual peroxide remaining in 
the solution after a given time interval. The use of tran 
sition metal catalysts for decomposing peroxides in a 
contact lens disinfecting solution is disclosed in U.S. 
Pat No. 3,912,451, which information and technology 
is incorporated herein by reference as if set forth in full 
herein. 
The following examples are set out to illustrate, but 

not limit, the scope of this invention. 
EXAMPLE 

Comparative Cleaning Effects 
Twenty Hydrocurve (R) II 55% water lenses (Barnes 

Hind, Inc. Sunnyvale, Calif., U.S.A.) were coated with 
heat-denatured lysozyme by placing the lenses in a 
phosphate buffered saline solution to which was then 
added sufficient lysozyme to make a 0.1% solution by 
weight. The lysozyme was from egg white. Individual 
wials were set up to contain 5 ml of the lysozyme solu 
tion and one fully hydrated lens. Wials were then heated 
for about 30 minutes at about 95 C. The lens was then 
removed, and after being cooled, was rinsed with dis 
tilled water and viewed to determine the type of lyso 
zyne accretion. 

Deposit classification: First the lens was wetted with 
normal saline, rubbed between thumb and finger, then 
grasped by the edge with plastic tweezers and rinsed 
with saline again. The anterior surface (convex surface) 
of the lens was viewed under the microscope at 100X. A 
film or deposit detected under these conditions was 
classified according to the percentage of surface which 
was covered by the film. 

After the treatment described in the first paragraph, 
all lenses were found to have 100% of their anterior 
surface covered by thin-film protein deposits. 
These lenses were then treated with solutions based 

on peroxide and the following enzyme formulations: 

agrodaat Percentage (w/w) 
ablet 

Soda Borata, dihydrate .O. 
Sodiua Cartonate 21.4 
Polyethylene glycol 3330 2.74 
Papalm 6.2. 
Tartario Acid 1.7. 
L-Cysteine hCL 6.6 

TA 3.0 
Soda Chloride 30,649. 

Subtsia A Table 
Sorbito 29.99 
N-acetylcysteine 22.49 
Sodium Cartonale 3,989 
Polyethyleae glycol 3330 3.00. 
Subclaia A 0.04. 
Tartaric Acid 3.24. 

The subtilisin A was obtained from Nova Industries 
of Denmark. 
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The lenses were divided into four groups of five. One 
group was treated 3% hydrogen peroxide. A second 
group was treated with the Subtilisin A containing for 
mulation (33.4 mg. 0.4 mg subtilisin A) in 10 ml of a 
commercial saline product (Lensrins (R) made and sold 5 
by Allergan Pharmaceuticals, Inc.). A third group was 
treated with the Subtilisin. A tablet dissolved in 10 ml of 
3% hydrogen peroxide and the fourth group was 
treated with a 3% hydrogen peroxide (10 ml) contain 
ing one papain enzyme tablet (146.8 mg). 10 
The lenses were allowed to soak for 3.5 hours. Then 

each group of lenses was treated appropriately to re 
move test solution and examined under a microscope to 
determine the extent of protein removal. The percent 
surface cleaned equaled the percent of the surface not is 
covered by a protein film at 100X. The results are pres 
ented belaw. 

Results were as follows: 

20 
99 H. Peroxide 

SURFACE 
LENS CLEANED 
Al O 
A2 4. 
A. O 2S 
A4 O 
As 

SUBLISINA/Saline SUBLSN H 
SURFACE 4. SURFACE 

ENS CLEANED LENS CANE) 90 
J0 C so 

82 O C2 O 
83 C 70 
84 1S C4 O 
es o Cs 30 3S 

PAPANA, HO 
9 SULFACE 

ENS CLEAND 
E. O 
E. O O 40 
Ea O 
ES O 

Oyeep d. J. Hydrogun poroade bouchon marketed by Aarga Pharmaceut 
cah lac 

43 
While the hydrogen peroxide and papain/hydrogen 

peroxide cleaning activity was essentially nil, subtilisin 

sin A alone without peroxide cleaned between 15 and 50 
30% of the lens surface while in comparison, subtilisin 
A with 3% peroxide cleaned between 30 and 70% of 
the lens surface. Subtilisin A and peroxide was approxi 
mately twice as effective in its cleaning capacity in 
comparison with subtilisin without peroxide. SS 

EXAMPLE 2 
Peroxide/Enzyme Activity 
Fifteen Hydrocurve II (8) lenses (Barnes-Hind) were 

exposed to lysozyme and the presence of Type IV pro- 60 
tein accretion confirmed as described in Example l. 

Five lenses each were soaked for eight hours in the 
following solutions: 3% hydrogen peroxide (Oxysept 1 
produced by Allergan Pharmaceuticals, Inc.); a con 
mercially available, pancreatin containing enzyme tab- 63 
let (Opti-Zyme () tablet manufactured by Alcon) dis 
solved in 10 ml of saline solution (Boil-'n-Soak (), a 
normal saline solution produced by Alcon); and a solu 

10 
tion of pancreatin enzyme (Opti-Zyme (8)) in 10 ml of 
3% hydrogen peroxide (Oxysept (R) l). 

Following an 8 hour soak, lenses were treated to 
remove residual soaking solution and the percentage of 
protein determined as described in Example 1. The 
results were as follows: 

3% Hydrogen Perotide 
Surface 

Lens Cleaned 

Al O 
A2 O 
A3 0. 
A4 O 
As O 

Pancreatinveroxide 
Solution Pancreatin/Norna Saline 

Surface % Surface 
Lena Cleaned Lens Cleaned 

B 90 C O 
B2 3 C2 O 
B s C3 O 
84 90 C4 0. 
83 O CS O 

The combination of the pancreatin-containing en 
zyme tablet and 3% peroxide effected substantial clean 
ing while the peroxide alone and the enzyme alone had 
no detectable protein renoving effect in the 8 hours of 
soaking time used here. 

EXAMPLE 3 
Effect of Peroxide Concentration 
Hydrocurve (R) lenses were coated with lysozyme as 

per Example 1. The subtilisin tablet formulation used 
here was the same as in Example l except that the N 
acetylcysteine was removed. Five different levels of 
hydrogen peroxide were used, beginning at a concen 
tration of 0.5% by weight/volume. The control was the 
tablet without peroxide with the to licity value adjusted 
to approximately that of the 0.5% peroxide/enzyme 
solution with sodium chloride. The pH was adjusted to 
between about 9.0-9.03 in each solution with hydro 
chloric acid. Five lenses were treated for three hours at 
room temperature with 10 ml of each solution. The 
amount of protein (percentage) removed from the lens 
surface is given in Table I. 

TABLE 
Effect of Perotide Concentration on Cleanin. Efficacy 
Bayne % peroxide 6 Lena 
Corso. pH Tonicity Weight/vol. Cleaning 

A 0.0 ava 9.0S mount/kg O 9.0 (5.3) 
B 0.04 ng/m 9.086 330 nouan/kg 0.5% 440 (8.9) 
C 0.04 ng/ml 9,06 390 mon/kg 1,04 78.0 (27) 
D 0.04 ng/a 9.022 643 (nonv1. .5% 87.0 (2,7) 
R 004 and 9,023 796 non/1s 20 94.0 (4.2) 

0.04 ava 9,016 932 non/1 S. 97.0 (2,7) 

EXAMPLE 4 
Evaluation of Antimicrobial Activity of Subtilisin in 

3% Hydrogen Peroxide 
The effect of a tableted formulation containing subti 

isin A (given in Example I) on the antimicrobial activity 
of hydrogen peroxide when dissolved in 3% hydrogen 
peroxide (Lensan A. Allergan Pharmaceuticals, Inc.) 
was tested against the panel of micro-organisms re 
quired by the U.S. FDA guidelines for testing contact 
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lens solutions for disinfective efficacy. Standard culture 
methods, harvest and quantitative microbiological anal 
ysis techniques were used. The organisms used were S. 
marcescens. ATCC 4756 or 1404: S. aureus, ATCC 
65.38: P. aeruginosa, ATCC 9027 or 5442: E. coli, 
ATCC 8739, C. albicans, ATCC 10231 and A. niger. 
ATCC 16404. A 133.4 ng tablet of the subtilisin A 
formulation (0.04 ng) given in Example 1 was used. 
The results of this study are given in Table . 

TABLE I 
COMPARISON OF EXTRAPOLATED OVALUES 

N MINUES 
- Study- - Study I 

3% HO 3% HO 
OROANISMS 3% Hot + SUB, A 396 H0 -- SUB. A 
3. aardesceos 2.3 .7 3. 
S. marcats 4.0 3.0 40 20 
P. aeruginoan O OS O3 0. 
E. col 2.5 0.9 .7 02 
C. abdicas 363 3.0 3.0 90 
Al airer 9.3 1.6 80 60 
"d-Yalves the tae ruquired to redac acrobal change of . Cosmaniaper 
ral by 90 or losaritha 

The control, an enzyme tablet in saline, showed no 
antimicrobial activity over a 24 hour period. 
A second study similar in design and following the 

same procedure as the first was performed. The results 
are also presented in Table I. 
Table II lists the average kill rates for the data pres 

ented in Table I. 
TABLE II 

AVERACE KELL RATES (D-VALUES) 
N MINUTES AT ROOM EMPERATURE 

ORGANSMS }% HO }% HO/SUB. A 
S. marcaca 3.0 . 
E. coli 2. 0.6 
P. aeragaons 0.3 O3 
S. aureas 4.0 s 
C. arbicans 260 1.0 
A. ar B.O 9. 

Since the lower the D value, the more effective the 
antimicrobial activity, each of these studies demon 
strates that 3% hydrogen peroxide and subtilisin A 
together are a substantially more effective disinfecting 
composition than either of the two components acting 
separately. 

EXAMPLES 
Testing of Preservative Efficacy 
Three panels of organisms, one based on the USP 

XXI panel, another soft contact lens panel containing 
representative organisms required by the FDA for anti 
microbial efficacy testing of contact lena disinfection 
products and a third "isolates" panel comprised of see 
lected organisms which commonly are encountered as 
natural flora of either the human body or the environ 
ment and which may be deposited on contact lenses or 
become innoculated into contact lens solutions, were 
used in testing the differential between the extrapolated 
D-values of 3% hydrogen peroxide (Oxysept I, Ailer 
gan Pharmaceuticals, Inc.) with and without subtilian 
A. The organisms tested are listed in the tables ap 
pended hereto. 
The micro-organisms were prepared by standard 

microbiological techniques. Each sample was tested in 
duplicate. As a first step in the assay, 10 ml of 3% hy 
drogen peroxide was pipetted into screw-cap test tubes. 

10 

s 

2 

O 

35 

40 

49 

SO 

SS 
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Into selected tubes was added one tablet of subtilisin A, 
whose composition is described in Example l. The 
subtilisin-containing tubes were vortexed for approxi 
mately 2 minutes to dissolve the subtilisin tablet. Imme 
diately the challenge organism was added to the tube. 
After a predetermined contact time interval, survivors 
were quantified in CFU/ml. 
A D-value was calculated by extrapolation from kill 

curves using an aerobic plate count method. This 
method worked essentially as follows: An aliquot of test 
solution was removed immediately after the predeter 
mined contact interval, divided in half and dispersed 
into two test tubes containing neutralizer media. A 
serial ten-fold dilution of the neutralizer media was 
prepared in a manner to compensate for the expected 
level of recovery. For low level recovery, a small ali 
quot was transferred directly onto a neutralizer agar 
plate. For the other three serial dilution tubes, an equal 
volune of sample was placed on neutralizer agar plates. 
All plates were incubated at 35-37 C. for 2-7 days, or 
longer if required. Colony counts were then recorded 
and D-values calculated as follows: All plate counts for 
each time interval were averaged. The averaged data 
was plotted on a semi-log graph paper with the numbers 
of survivors on the ordinate and the contact time on the 
abscissa. The starting point (inoculum level) was con 
nected to the first point yielding less than 10 organisms 
per ml by a straight line. The slope of this line extrapo 
lated to zero gives the D-value. This is otherwise re 
ferred to as "end-point analysis". 

TABLE I 
Extrapolated Kill Rata (D-valves) of 3% Hydrogen Peroxide 

OYag With and Without Subtilisie 
Without with 

Orpanaan and to Subtsia Subtilisin 

(). US has 
Serrutia aroea. ACC 47s 1.4 mia. .0 rain. 
Staphylococcas aureaua ATCC A63) J.4 ania. 2. l ania. 

3.2 rain. 2.6 mia. 
Pseudoaomas aeraginona ATCC 90.27 0.2 rain. 0.2 rain. 
Eacherch co. ACC A9 1.0 mia. Q.3 rain. 
Caadda althcaa ATCC 1029 
Asperglun algar. ATCC 1640. 
(2) So La", and (DA) 

200 m.a. 3.0 min. 
10.0 ra. .0 main. 

Serrata aroeca ATCC 4.04 1, 7 runn. .3 min. 
Staphylococcus epideralda. 0.8 air. 1.3 min. 
ATCC 1797 0.4 mial 1.0 min. 
Pseudomoan aeruginoaa. ATCC 13442 0.6 alia. 0.3 rain. 

13.5 nin. 2.3 rain. 
20.0 ania. 19.0 min. 

Aspergihna fragata. ATCC 1094 
Cadds abica ATCC A13 
(). Varios locate 
Klebolala pneumonina ATCC 1383 ... mia. 0.6 rain. 
Preudomonas especia. ATCC 1776.3 0.4 mia Q. min. 
rotas a rabi: CSUWA 1.2 min. .0 rain. 

1. ania. 0.9 nin. 
Proteus vulgaria. ATCC 1731) 0.4 rain. 0.3 rain. 
Candida parapaioala PM 4064 89.0 malia. 33.0 rain. 
ancia (Aqua Tar koolate f) 2. Thia. 2. Thin. 

EXAMPLE 6 

Comparative Enhancement of Peroxide With and 
Without Enzyme 
Comparative enhancement of the antimicrobial kill 

rates of various solutions of 3% hydrogen peroxide due 
to the addition of the enzyme subtilisin. The figures in 
Table IV represent the percentage of decrease in the 
D-value for a particular peroxide solution plus the sub 
tilisin tablet of Example 1 over that of the particular 
peroxide solution alone. The AO-Sept system employed 



Re. 32,672 
13 

a heavy metal catalyst (platinum coated disc) in the 
vials to degrade peroxide as per U.S. Pat. No. 3,912,451. 

TABLE IV 
Lenian A Oxyhept I 

(data. From (Data from 
Organion Table) Table 1) AO Sept 
Sematia narcoscena so 29. 8. 
Escherichia coli 79. 70 90. 
PYeudoononas aeruginosa O O 20% 
Staphylococcus aureaus 3. 2. O 
Candida albicans 38 3S 33 
Asperillus niger O 20 329 

These figures demonstrate that each of the 3% perox 
ide solutions is a much more effective disinfectant when 
subtilisin A is present. The effect is particularly pro 
nounced in the AO-Sept system. 

EXAMPLE 7 
Effect of Peroxide Concentration on Enzyme Activ 

ity 
The enzymatic activity of the subtilisin A tablet de 

scribed in Example l and trypsin was determined at 
different hydrogen peroxide concentrations using the 
Modified Azocol method "Sigma Catalog". Baker 
Chemical Company, 30% hydrogen peroxide was used. 
Appropriate dilutions were made with a 0.2M borate 
buffer at about pH 8.4. Azocol substrate and trypsin 
were obtained from Sigma Corporation. 

Peroxide was first diluted with buffer to the appropri 
ate concentrations. One enzyme tablet was dissolved in 
10 on of buffer to which had been added 50 mg of Azo 
coll substrate. One ml of this solution was then added to 
each of the peroxide concentrations, the enzyne/sub 
strate buffer solution being the control. After mixing, 
the reaction was run at room temperature for 2 minutes, 
then quenched with 2 ml of 10% trichloroacetic acid, 
which precipitated the enzyme. Residual color nea 
Surements were measured at 520 inn. Subtillain results 
are given in Table IV, trypsin results in Table W. 

TABLE IV 
Subtleta Activity airdros Pross 
% HO OO 90 

O O7 
O9 
Os 
Oss 

s 
4s s 
s O6 

s 
O90 

O 0.91 

TABLE W 
Tnta Activity is Hygrosa Pergas 
HO Oo So 
0. . 
50 . 

"10 run of trypa powder were added to the H0 outsoa. 

Table IV indicates that subtilisin A is active in Azo 
coll assay throughout a broad range of peroxide con 
centrations. The activity at 30% peroxide is approxi 
mately the same as at the 8% concentration. Enzyme 
activity for subtilisin A npears to be saturated at hydro 

O 

s 

20 

23 

33 

SS 
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gen peroxide concentrations between 2-6%. Table W 
indicates that trypsin is active in hydrogen peroxide. 

EXAMPLE 7 
Effects of Perborate on Enzyme Activity 
Hydrocurve II (R) lenses were coated with heat 

denatured lysozyme as per the procedure described in 
Example 1. The following solutions based on subtilisin 
A (Novo Industries, Denmark) and sodium perborate 
were prepared to test the combined effects of perborate 
as a source of peroxide on the proteolytic activity of 
subtilisin A. Solution A-0.04 ng/ml subtilisin A, bi 
carbonate buffer to adjust the pH to 3.307; Solution 
B-0.02% (w/v) sodium perborate, bicarbonate buffer, 
pH adjusted to 8.533; and Solution C-0.04 ng/ml 
Subtilisin A, 0.02% (w/v) sodium pertorate, bicarbon 
ate buffer, pH adjusted to 8.532. Each treatment was 
done in a 10 ml volume. 

Five protein coated lenses were soaked in each of 
these solutions (10 ml) for 3 hours at room temperature. 
All lenses were then rinsed and the amount of residual 
protein determined. Table VI gives the average per 
centage of surface cleaned after these treatments. 

TABLE VI 
Cosparative Cleanin of Engyne With and Without Peroxide 

Average % 
Solution Surface Cleaned 
A 9.0 S. 

O 
C 30.0 - 22 

What is claimed is: 
1. A method for the simultaneous cleaning and disin 

?ecting of contact lenses which method comprises con 
tacting the lenses with a solution comprised of a disin 
fecting amount of peroxide and an effective amount of 
peroxide-active proteolytic enzyme for a time sufficient 
to remove substantially all protein accretions and to 
disinfect the lenses. 

2. The method of claim 1 wherein the solution is 
prepared by combining the enzyme and peroxide at the 
time the lenses are contacted with the solution. 

3. The method of claim 2 wherein the enzyme is in a 
powder or tablet form and is dissolved in the peroxide 
olution. 
4. The method of claim 1 wherein the solution is 

prepared by dissolving a dry peroxide nd dry enzyme 
in an aqueous solution. 

9. The method of claim 4 wherein both components 
are combined in powder or tablet form. 

6. The method of claim 2 wherein the enzyme is 
present in an amount between 0.001 and 5 Anson units 
and the peroxide is hydrogen peroxide and is present in 
an amount between 0.02 and 10% by weight/volume. 

7. A method according to claim 6 where the proteo 
lytic enzyme is subtilisin. 

8. The method of claim 7 wherein the peroxide is 
hydrogen peroxide, sodium perborate, potassium per 
sulfate, sodium percarbonate, dipersophthalic acid, 
peroxydiphosphate salts or sodium aluminum aminohy 
droperoxide. 

9. The method of claim where the aqueous com 
position solution comprises 3% hydrogen peroxide 
and 0.30% subtilisin A by weight/volume. 

10. The method of claim wherein said contact lenses 
have a hydrophilic rurface. 
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11. The method of claim 10 wherein said peroxide-active 
Proteolytic enzyme is a subtilisin enzyme. 

12. The method of claim 11 wherein said subtillain en 
zyme is subtilisir A. 

13. The method of claim 10 wherein said peroxide it 
hydrogen peroxide in an amount benween 0.02 and 10% by 
weight/wolune. 

14. The method of claim 13 wherein said hydrogen 

s 

10 

25 

4. 

SS 

6. 
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peraxide is present in an amount of about 3% by weight 
/wolume. 

15. The method of claim 10 wherein said peroxide-active 
proteolytic enzyme is subtilisin A and said peroxide is hy 
drogen peroxide. 

  


