The invention relates to controlled rel ease of an active conmponent into an
aqueous .system Mre particularly, the invention relafes to controlled
rel ease of a reducing agent, such as catalase, into an

Been Replacdilg
solution, such as a Herr]J]Jerr] solution for disinfecti t
| enses, to neutralize residual oxidizing agent, Herr](Q mm!l Mmsz
BACKGROUND OF THE | NVENTI ON It is often desired to 1 mmediate
i ntroduce an active agent. into a fIU|dn2ysten1yet delay its reaction with
conponents of the systemuntil after “other desired result is

achieved. The disinfecting of soft contact |lenses wth hydrogen per oxi de
and subsequent neutralpzatlon of reS|duaI " Bsuch a
situation. = ARy B =T s¥nfecting

sof t contact |enses is well Eggﬂ$g#§5ﬁﬁ§ﬁﬂ%%5hﬁiﬁx' such a use requires
t hat residual hydrogen peroxi TNl ng

FIELD OF THE INVENTION

The invention relates to controlled release of an
active component into an agqueocus system. More particularly,
the inventien relates to controlled release of a reducing
agent, sutch as catalase, inte an acqueous oxidizing solution,
such as a Hp0, solution for disinfecting soft contact

lenses, to neutralize residual oxidizing agent, Hs05.

BACKGROUND OF THE INVENTION

It is often desired to immediately introduce an active
agent inte a fluid system yvet delay its reaction with
components of the system until after some other desired
result is achieved. The disinfecting of soft contact lenses
with hydrogen peroxide mand subsgetuent neutralization of

residual HzO0, presents such a situation.

The use of hydrogen peroxide systems for disinfecting
soft contact lenses is well known for its efficacy. Such a

use requires that residual hydregen peroxide remaining on



- 2- the I enses after disinfecting nust be neutralized—er—deeconposed to a
biologically inert state bef ore the disinfected | enseThisSheetasPied REdace

the eyes. Significant residual Herr]Jerr] renaining
results in eye irritation, generally manifested by sting .
A nunber of neutralizing or reducing agents are known in .

exanple, U S. 3,912,451 teaches neutrglizing residual hydrogen peroxide by
contacting the disinfecti'ng solution with |enses therein with a netal

catal yst, such as platinum that catalyzes deconposition. A difficulty

wi th these wat deyices meter disinfirctindg mustahe ngetsal}ized (9¥conveni ent

anmopunt of tinme is required to redu t.he sol utjon_hyd per oxi de
resi dues t FeFTAFFLFE & b;°1°91?1 r A3 5%5#5 ?ﬁ%ﬁ%?i% the art for
deconposi ngy; JNHMQGeR REAREE MFafine 1Akl on"RhE &98YENI Siuni filcauntCf
particular interest Is the use of an enzyne, such as catal ase. For

exanpl e, U fesiuMS 303 zadainbfd, of8 ke denaest grERLLEndh CBYR act | enses

with Herr]derr] and subsequently  contacting the_lenses wih an isotonic
sol ution of iRFL ARG QE&FHF%%,“PM‘T?‘?Q By, &W@&Pﬁvgﬂaﬁ%\% G681 tion of

residual Herr](err] taking place within a few m nutes.

A number of neﬁtralizing or.reduaing agents are known
in the art., For example, U.5. 3,212,451 teaches
neutralizing residual hydrogen peroxide by contacting the
disinfecting solutisn with lenses therein with a metzl
catalyst, such as platinum, that catalyzes decomposition. A
difficulty with these catalytic metal systems is that an
excessive, inconvenient amount of time is required to reduce

the solution hydrogen peroxide residues to a safe level.

Other agents are known in the art for decemposing
hydregen peroxide at a faster, nore convenient rate. Of
particular interest is the use of an enzyme, such as
catalase. For example, U.S. 4,748,952 and 4,585,488 teach
sterilizing contact lenses with Ha0, and subsequently
contacting the lenses with an isotonic =olution of dissolved
catalase, resulting in effective decomposition of residual

HpDz taking place within a few minutes.
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In addition to the relative effectiveness of disinfectingLneuLIaLizing S
chem cals per se, a major goal in designing |ens care ne&ﬁg

formul ations relates to sinplifying their nethods of use.
accepted that reginens for disinfecting and cl eani ng cont llﬂMﬂH
be as sinple as possible to encourage |l ens wearers to

regi mens as a matter of avoiding adverse health effects due to
contam nat ed | enses. Any S|an|f|cat|8n in a reginen, such as by conbining
processing steps, conbining chem cals, or addi ng separate conponents at
the sane tine, iT# gan&tabhytadunﬂtf@&xtﬁwéIeﬁﬁebtevéngsspafient conpl i ance.

Sinplifying lens care reginens by conbinin di sinfecting and neutralizing
conponent s HeinieFtdney FGHFFﬁh%bn%\c‘FFP%‘géc&ﬁ?fe‘Bi PHE’-H?’F fFR_/A th? of

bal anoi N (e qrlsEleAeks LEOS! hPnLAL Skl ed:lafeibEpL Dbl

neutraI|Z|ng sses neu |2|n

H[ err] J er rdimpl3ystiens r.n&uehna&hsaa aég&ese.l s #thde bhaeiynseeeptm be
effectively disinfected, must be exposed to a relatively hi g

concentr at |‘§¥Ffofl’elg[laeﬁ'l]ﬁqf@rr pigdnfactingiind srieaning cenpaek oblmﬂeﬁ time in

The timo + G B A3, SIRELfr B8 PORECOTS Hb RIS PSA PERACREAERER the

f%cﬁgh:gt ;:%?:Fhﬁfy RAGHOGRR caPll S¥LReis dd 20 GhattRGUbel RYoRALAGEe order Of
adverse health effects due to contaminated lenses. Any
simplification in a regimen, such as by combining processing
steps, cowbining chemicals, or adding separate components at
the same time, is generally advantageous in achieving

patient compliance.

Simplifying lens care regimens by combining
disinfecting and neutralizing coamponents remains @ifficult .
to achieve because of the difficulty of balancing the
relative yreazction rates of the disinfecting and neutralizing
processes. a gitfi:ulty with fast neutralizing of HpOp
systems, such as catalase, is that the lenses, to be
effectively disinfected, must be exposed to a relatively
high concentration of H20» for a significant, finite period
of time in order to achieve disinfecting before neutralizing
proceeds significantly. “he time reguired for disinfection
is generally dependent upon the cencentration of hydrogen

peroxide utilized, requiring on the order of twe hours at



1.0 weight percent Herr](Qerr] while only five mnutes-at 3.0 % by ..weight
hydr ogen' per oxi de. Since it is preferred that H efslshdeiids Been Replaced

concentration be as | ow as possible, it is evident that i to
treat |enses simultaneously w th hydrogen peroxide disi immlﬂmﬂ .
fast acting neutralizion such as catalase, it is necess he
neutralizer with care. In fact, it i=s4preferable to delay the effective
rel ease of such a neutralizer, in order to allow for adequate tine to

achi eve disinfect] and. _thereaftar i y ald Yo C l.e5 e
neutral i zatll'ganf'g;tlﬁ% |%¢|‘?ﬁ‘ 3&9%6’5§}5r gg%ﬁ gieéré]o%a e tegorr%o?l'eﬁtnp.@ : A
nunber of Rieda@tah§abayen Begrowmete for del aying  rel ease of the
neutralizing agent until after the disinfecting step is at |east

substantially conplete. For exanple, Kruse, et al., in US. 4,767,559,
forma one step_,cleapjng/disinfectd apl et that _.incl S,.an_o r |ayer
that i's the di SFAPEE FRGEs RARARATEch Abe) B3Pa PSR RSACO.EE Phetor
neutral i zi ng pastividheidi sk nberddo 3R £MBYe NediDes 20 dregacting,
Herr]Jerr]- generating conpound such as potassium persulfate, nelamaine

per hydr at e lenses sfuribapecusiy Wity Gydrtgencperghide fisindectantzi ng agent

conprises a redyci ng agent, such as ascorbic acid or glucgse or an
P and & %astgac gng neutrafﬁz;on such as catéﬁa ’ %% gs

necessary to employ the neutralizer with care. In faet, it
is preferable to delay the effective ralease of such a
neutralizer, in order to allaw for adeguate time to achieve
dieinfecting and, thereafter, obtain substantially complete
neutralization of the disinfecting hydrogen peroxide

 component.

A number of proposals have been made for delaying
release of the neutralizing agent until after the
disinfecting step is at least substantially coemplete. For
exaunple, Kruse, et al., in U.S. 4,767,559, form a one step
cleaning/disinfecting tablet that includes an outer layer
that is the disinfecting component and B core that comprises
the neutralizing agent. The disinfecting agent may be any
acid-reacting, Hj;O0;~generating compound such as potassium
persulfate, nelamihe perhydrate or, preferably, urea
peroxhydrate. The core neutralizing agent comprises a

reducing agent, such as ascorbic acid or glusese eor an

e 0t e Srame—t——



- 5- enzynme, such as catalase. |In operation, the d|5|nf laced
first di.ssol'ves, then the core dissolves to neutralize .
Adifficulty with this product is that the process for mmﬂ;ﬁm
outer layered/core talet is conplex which adds S|gn|f|can

no commercial product has yet been sugcessfully marketed u5|ng this
concept. Kaspar et al, in US. 4,6568,517, describe sinmultaneously
contacting lenses with a hydrogen per oxi de sol ution and a neutrali zi ng
agent, pref engpby, sadihums bhtaiubéateInwonnxhﬁAMNSUFhPtélslﬂfaCEEFEd form

such as a tablet. The neutralizer ent %Bﬁ{ V|deg A E go gg

di ssol ves gPS@NﬁH#SF%?)q¥§F€&§€5meE?F Ralte %‘559 Yes e BPEMRPetET ng
period has gl r] Ope eanshaueRdi ket U |nto
a buffered s |ne ’§%§F§E%%§geck &Fﬁf?gﬁyﬁgsﬁﬂgﬁﬁhﬁ B§ 6. 5- 815 and a

tonicity of +t880pxdfessrifdx mhgpenchgasoéuﬂezomayknﬂdf/bml tablethishe

preferred sodiumthiosulfate tablet is that it is ver Iar I n glie
maki ng t hi sCERRPFBRRIGH PGS sdgniticant cofy lfr"t%rtb&l ?’W

epAAIR ednéggan%'g pro;ﬁ{% e LQ@FF%?RW%G“ ni %m %ﬁ)@ oo VT

rel ease ti as we ormty of rel ease.
Schafer et cgheeptn U.S. .5,011,661, descrlbes ‘controll ed rel ease of

Kaspar et al, in U.S5. 4,568,517, describe
simuitaneously contacting lenses with a hydrogen peroxide
solutien and a neutralizing agent, preferably sedium
thiosulfate or sodium sulfite, in a solid form such as a
tablet. The neutralizer agent is provided with a coating
which dissolves gradually to release neutralizer only after
the disinfecting periocd has elapsed. The H0; seclutien is
transforpmed in situ into a buffered saline lens storage
sclution having a pH of €.5~8.5 and a tonicity of 200-450
nilliosmol per kg solution. A difficulty with the preferred
sodium thiosulfate tablet is that it is very large in size,
making this approach impractical,

A further difficulty with controlled release systems is
that of providing adeguate flexibility in release times and
profiles, as well as good uniformity ©f release. Schafer et

al., in vU.s. 5,011,681, describes controlled release of



-6- neutralizing agent into a peroxide systen1through ub e
sem - perneabl e nenbrane coating or capsule. The nenbran ous
pol ymers and triacetin for controlling release. Park et- ‘ﬂ|ﬂm
5,145, 644, describes a nethod of coating a tablet w th

rel ease water sol uble polyner enployln% a water and ketone solvent. The
ket one containing solvent is said to produce increased uniformity of

coat i ng. It is quite evident that inprovenents in controlled

rel ease produgtsafi¥inpialeds 3neodaspesblind Wystrnothtdeuglrani ncreased
flexibility and uniformty of delivery of an active agent into a aqueous

system The inseliuble, ;xgu|agM1ap=ymechuenm€mRﬂan§ gorhjed PRI AR Bmpositi on
and nethod _that delivers a neutrali 3. C I ydr ogen
per oxi de di SPAf EE&?W’SM"?&@W’PH%’W HRP ST %%?Zggf?gg%?%gf%zgl y tined
and uni formc\sn‘E%Wﬂkael\dﬁeEI NphkR @tSari celd WSSt epaks, a4k eved without
premature neutralization The invention is a conposition for

del ayi ng reliessribés a amtivid wf coapéngnt takletawisdusogentratded The

conposition rises a capsule that swel]s jn the res e
P releagE water soluble polymer emplﬁying a wa gng Lone

solvent. The ketone containing seclvent is said to produce

increased uniformity of coating.

It is cuite evident th#t improvements in controlled
release produgts and metha&s are desirable that provide for
increased flexibility and uniformity of delivery of an
active agent into a agueous system. The need is
particularly evident for a delayed release compesition and
method that delivers a neutralizer such as ecatalase into a
hydrogen peroxide disinfecting system such that the
neutralizer is precisely timed and uniformly delivered
wherein the disinfecting step is achieved without prematnre

neutralization.
SUMMARY OF THE INVENTION

The inventien is a coopesition for delaying release of
an active compenent inteo an agquesus fluid. The composition

comprises a capsule that swells in the presence ef an



-7- aqueous fluid, allow ng noisture to enter said capsule, and-—a&——
capsul e.deconposi ng agent activated by said entering noist bﬂMﬂ&Eﬁ&ﬂammxd

sai d agent deconposes said capsule sufficiently to rel ease
conponent at a predeterm ned delayed tinme after said capsul éﬂﬂd

aqueous fluid. In a preferred conposition, the capsule Is f
gelatin that is substantially i nsol ubl@”in aqueous solution at anbient
t enper at ur e. The deconposing agent is a preferably proteolytic

enzyme in agygagRWaterud) Giawviheg Aclétvfe aPranrircpiincdapseleasendf
active conponent. Alternatively, the deconposing agent is a water soluble
i nor gani ¢ oa capswle deganpasicly agensourtivaredhXiSadld SAERSRHt sufficient

hi . d i ned rel, ' : Th
Compost 11 oneBtEEREST VRHEh S AIPRF PG TR AL LY ERRESTR) g r ol case

of a neUtraEhikﬂGiEﬁﬂILf’Sis | Y dalble0 58 i aSQEHL VO edipdBiditoagnaper oxi de for
di si nfecting contact enses, said conposition conprising a gelatin capsule
that swel | predetorninedtdetnyed dioegafibest said teapanle copsacggpsald; and,

a capsul e deconposi ent activated by the entering noisture wherein the
agent deconﬁ@?gguﬁnggﬁig'

In a preferred composition, the capsule is formed of
gelatin that is substantially inseoluble in agueous solution

at ambient temperature,

The decompesing agent is a preferably proteclytic
enzyme in an amount sufficient to achieve a predetefnined
ralease of active component. Alternatively, the decomposing
agent is a water soluble inorganic or organic salt, such as
sodiur chloride in an amount sufficient to achieve a

predetermined release of active component.

The composition of the invention is preferably utilizead
for delaying release of a neutralizing composition into a
solution of hydrogen peroxXide for disinfecting contact
lengses, said composition comprising a gelatin capsule that
swells in the solution allowing meisture to enter the
capsule; and, a caﬁsule decomposing agent activated by the

entering moisture wherein the agent decomposes and/or



disintegrates the capsule sufficiently to release said newtralizing =
conponent into the solution, wherein release of the neut ralﬂl% I s del ayed

until after the disinfecting step is conpleted. In a 1 Replaced
system the disinfecting conposition into which a neutrali ze’
of the invention is to be delivered is hydrogen peroxi de sol

fromany source. A preferred disinfetBing source of Herr]derr] for use
with the del ayed rel ease neans for delivering the neutralizing conponent

compri ses dsRlatellrdEbRVERS! o dydicaenctyr esl d1diBE gdiarr] T err])
conpl ex wherein said conplex I's in a solid formhaving an Herr]gerr]
conponent imewiradiming cempbhenrenintortisnishlutipni ceberRin WRiease of

PVP-H err]d err] conBLex in solid form may be conbingd.witkklhe %%%Jd

encapsul at dehe REREFALAZEF 16| AabRAYSR LY AEEELpERP A PP TV &8P dry
conmponent | . The two conponents are sinultaneously placed in
an aqueous #%caﬁ‘%%&:%g\%m ch the contact |enses are subnerged. D sinfecting

is acconplished by the Herr]Jerr] conponent present, followed by
neutralizing of residual Herr] %err] that, i,s del a\éed until after
&

di sintecting i s MofpPreserred systepr g MHSINLEREIPIPRFRPFITIZ 1] conpl ex
conprises 5407 Mieh a neutralizer composition of the invention is to

be delivered is hydrogen peroxide solution, derived from any
source. A preferred disinfecting source of H302 for use
with the delayed release means for delivering the
neutralizing component comprises a poly—-vinylpyrrolidene-
hydregen peroxide (PVP~H202). complex wherein said complex is
in a $o0lid form having anm H303 cnmponeﬁt in an amount
sufficient for said disinfecting. The PVE-H,02 complex in
solid form may be combined with the solid encapsulated
neutralizer, either within the capsule or as'a separate dry
companent in a package. The twa components are
simultanecusly placed in an agueocus medium in which the
contact lenses are submerged. Disinfecting is accomplished
by the H;0; component present, followed by neutralizing of
rasidual H,0, that is delayed until after disinfecting is

conplete.

‘Preferably, the PVP-H,0, complex comprises 5-40% by
weight Hp0s. The PVP-EpQs complex is in the form of a solid



weight Herr]J]Jerr]. The PVP-Herr]Jerr] conplex is in t he

maf sl i d
tabl et, granules or powder for conbination with the. neutfgﬁs ced
in a dry package or capsul e. The neans enpl oyed for de l
controlling rel ease of neutralizer conprises encapsulating t i

conponent in a capsule that dissolves-s+ disintegrates in the aqueous
medi um by action of a deconposing agent contained within the capsule at a

rate sufficiently slow_such that, Herr e efficacy. i g achieved prior
to signifi é'é??f‘“n_eﬁﬁ’éﬂﬂrez"_aﬁrpt?w h%"ﬁje%P‘éH’QEP'?nFYbﬁr Xy, the capsule
conpri ses @ gelahifed F@émgmﬁ@gw@ ‘aﬂu?aaambesoenpéayews sol ution at
anbi ent tenperature. Preferably, the neutralizer conponent further

conprises a capsul e deconposing agent, a proteolytic enzynme within the
capsul e, wherein the capsule in the aqueous nedi 'L:J}m swel Igjr traegsrritti ng

sufficient wateFPENREARHERRARYRG 467 ARLAYAPE APRCBPEFRLIRT Fodf6Re t o
di gest the | R l 1 i fgienys nmedi um
wher eby regﬁgﬁgﬁkgfééf%fiéﬁéﬁkﬁ%ga|%§?? g?%?éggngggeégﬁfy, the proteolytic
enzyne i s campbnensi inafdedgruiie Hial iddasolves oat disintegrpmendindase
enzyne. The invention includes adjusting the amount of subtilisin
to adj ust afffh® BEREFLE; BRIwe PR REHOT ffs@ Secsrposing agent

contained within the capsule at a rate sufficiently slow

such that Hy0; efficacy is achieved prior to significant
neutralization by the neutralizer. Preferably, the capsule
comprises a gelatin that is inscluble but swells in agueous

solution at ambient temperature.

Preferably, the neutralizer component further comprises
a capsule decomposing ageht, a proteolytic enzyme within the
capsule, wherein the capsule in the agueous medium swells,
transmitting sufficient water into the capsule to activate
the proteolytic enzyme to digest the capsule, ra;easing the
neutralizer into the aqueous medium whereby residual Hy0p is
neutralized. Preferably, the proteolytic enzyme is
subtilisin and the neutralizer is a catalase or peroxidase

enzyme.

The inventien ineludes adjusting the amount of

subtilisin to adjustably delay digestion of the capsule to



provi de sufficient tinme for disinfecting by said PVP-H[err]C{err] ceanex
wherein the amount of tinme delay necessary is determ nekh edtH%Becn

concentration of the Herr]J]Jerr] disinfecting solutlon
Alternatively, the neutralizer conponent conprises, ”l!ﬂ”’l
deconposi ng agent for delaying rel ease of said actlve agen

enzynme, an inorganic salt, within saidigeapsule, such as NaC, KO or

m xtures thereof. Nbst preferably, t he conposition of the |njent|on

i ncl udes NaC ul e wherein

ig nount of about 5-106 n1II| er c
catal ase rePEREE TS SiRe foF SARLRERT ugy[ﬁg §Vgﬁ§%9%
The inventi ggnal &0, I WitdMASS tﬂenﬁﬁggﬂt Od £ diﬁiﬁfcfeqta'yngecﬁﬂgkfﬁt ;Lenses

conpri si ng subnerglng said lenses In an aqueous medi um adding.to said
agueous neddetezmboeddsy ttihen conoaptiation pof ythei myglngydﬁ.ah.ndenmﬂgdr ogen

per oxi de ( PVP- eé?A err ) conpl ex wherein said conplex islin a solid
form haV|ﬁ§lgﬁléﬂ g%i conponent in an anount sufficient for said

di si nfecti ng and addi ng substantially simul taneously with theg disinfecting
PVP-H err]Jerr] conplex, a neutralizer conponent, in a solid form said
neutralizer in akltewnattivelffi chenhettralizer component comprises, as

a caﬁsule decompesing agent for delaying release of said
active agent catalase enzyme, an inorganic salt, within said
capsule, such as NaCl, XKCl or mixtures thereof. Most
preferably, the composition of the inventieon includes Nacl
in an amount of about 5-106 milligrams per capsule wherein
catalase release is substantially delayed for about 2-3

hours.

The invention also inecludes a method of d@isinfecting
contact lenses, conmprising submerging said lenses in (an
aquecus medium, adding to said agqueous mediunm a cempasition
comprising poly-vinylpyrrolidone~-hydrogen peroxide {(PVP-
Hy05) complex wherein said complex is in a solid form,
having an Hp0; component in an amount sufficient for |said

disinfecting and adding substantially simultaneously [with

the disinfecting PVP-H02 complex, a neutralizer component,
in & solid ferm, said neutralizer in an amount sufficient to
substantially neutralize residual H;0; from said

disinfeuting[ said neutralizer compénent ineluding means for




substantially neutralize residual Herr]Jerr] fromsaid I-T '

. > ; . ﬁgﬁﬁggﬁﬂ laced
said neutralizer conponent including neans for . e
and action of said neutralizer until after said disinfecti iﬂﬁ uﬂ ﬁﬂf
The disinfecting solution holding the | eases, after neutral , |25l
hypertoni c solution of greater than 35Qa-nmilliosnols per kil ogram sol ution.
Thus, the nmethod further conprises rubbing and rinsing the disinfected
| enses with a reserved isotonic saline solytion prior to insertion of
sai d Iensesdﬁﬁagﬁﬁgeﬁﬁ;e‘se and ‘°t1°“DE$AFEE% ﬁiﬁQENuEﬁ‘iFE%?NNENTION
The inventiggihsdgsggggétiﬁq #elaying the effect or release of an active
conponent into an aqueous fluid until =~ after sone other effect or

processing step is substantially conplete. The preferred meang for
del ayi ng rel ease confrises encapsul ating the, active co onen%Fin a capsul e

that remains subSPEnEFEIPIRTHANE BRFLIONRPEFLIRE NS H4NRESar 23FPRe (0 al | ow
the first desi t L.h | S t
Surtiof ont | SeREEEMEELAG, 16 & dledUnicl BBLAEHOR Kk Kb dakel, hBhCHEG! B0

further chamdtiéosmells pPyr kildgrag isblutdofdueriuss f [thel rathibdt fatther anount
of noisture is transmtted into the capsule to activate an internal

deconposi ng “SBPRLSRA| ERPRIRE rangt Hipgingn the disinfected lenses with a
preserved isotenic saline solution prior to insertion of

said lenses in the eye.

DETAILED DESCRIRIION OF THE INVENTION

The invention is a méans for delaying the effect or
release of an active componment into an agueocus fluid until
after sonme other effect or processing step is substantially
¢complete. The preferred means for delaying release
comprises encapsulating the active component in a capsule
that remains substantially intact for a sufficient peried of
time to allow the first desired effect to ocour and then
subseguently disintegrates sufficiently to allow release of
the active component. The capsule is further characterized
by swelling in the agqueous fluid such that an amount of
moisture is transmitted into the capsule to activate an
internal decomposing agent which after activation
sufficiently destroys the integrity of the capsule to

release the active inéredientf



sufficiently destroys the integrity of the capsule to release the active
i ngredi enf .. -12- This|Shéd{ Kds BEA, Replaced

del ayed rel ease neans is provided by a gelatin capsule con
proteol ytic enzyne, as the deconposing agent, and the acti HmmumLUH!H
gelatin capsule containing the above-noted ingredients, wh i

I nto an aqueous nedium softens and swells but remains substantially
intact for sufficient tine to allow the first processing step to proceed.
A sufficient amount of noisture fromthe aqueous nedium however,
penetrates the imrefesred delayed calrassy Jeadryif cPEAYFRE MM @ causes its

activation. The enzyne.beqins. a digestion.a dec LN cess and,
subsequent | §51 3R FEEFPAL %ﬁ"gfl??%ggaelp uqu:r?c’rig‘& gu?gp'g%%:h%ss, Iq'Jffhlqanal ly
rel easing tdécditdsiigddgtht! Oan@OE@ dBtivie fadeptl.ONThe gelatisl ternative

deconposi ng agents are water soluble salts that affect the osnotic
gradi ent becapsuile irendeiningnthedabeve-natad dageedientshewdereri or of the

le. Th t f | t h d in.th Le will
ot oo L HRET st SRR G AT Rrarts Tadtiy. Tonser ahy Aef P B
di sintegrati@fhins substhRSiARPFULRCABY 8 MRS ienRytERE DErAERN €

mat eri al

the first processing step to proceed. A sufficient amount
of moisture from the aqueous medium, however, penetrates the
capsule to dissolve the proteolytic enzyme which causes its
activation. The enzyme begins a digestion and decomposing
process and, subsequently, disintegration of the gelatin
capsule cccurs, finally releasing the active agent to

perform its function.

Altermative decomposing agents are water scluble salts
that affect the osmotic gradient between the soluticon and
the e;virannent in the interior of the capsule. Thus, the
presence of a salt such as NaCl in the capsule will
encourage the flaw of agueous fluid into the capsule causing

its disintegration.

The capsule wmay be made of any semipermeable material
that remaing intact in agqueous solution, passing meisture
into the capsule at 2 delayed, desired rate wvherein the

moisture activates a deconmposing agent or an agent of



that remains intact in aqueous sol ution, passing noisture —imtothe—<apstle
at a del ayed, desired rate wherein the npisture activates | n )
agent -or an agent of simlar effect that causesagﬂgﬁﬂgﬁ% carReplaced
destruction of the integrity of the capsule such that an actﬂ”"ﬁlm ,l I“",
within the capsule is discharged into the aqueous sol ution. : 4 ial 42
alternative capsule material is starch.with an internal deconposing agent

of anyl ase. It is well evident Phat t he conposition and nethod for

del ayi ng delivery of an active conponent into an aqueous fluid is useful

for delivepimifameifpes thajiccavusesnguéfieient idestracyisnsbentmbere the

ef fect of {he. active c onent |s to be delayed. Thus, delivery of any

reduci ng a%%}ﬁgTﬁﬁ%)9§n%g%qﬁéaﬁ§&8xFHF9iﬁ@’%j?{éﬁﬁ‘ﬂf PPEREVELERIN | 5 Wit hin
the scope tpé ddisureyaat b3dchibgedel h¥E" ¥ndf @am{g)%s%ﬂﬁ& gpgd to

regul ate an aqueous systemin any way I s vmt%nn the scope of the del ayed

rel ease oradeémmativiccapsuleconapesial ois ostazmt hddhofant Hetprasknt

i nventi on. . A preferred systemfor utilization of this invention is
for disinf38FFHRP BFEHTOF P@§§é§emﬁth a solution or other source of
Herr]Jerr]. The del ayed active conponent in such a systemis a

neutralizing cagdrerieiioeviadie ddatl €hé | &didesition and method for

delaying delivery of an active component into an agueous

fluid is useful for dslivering any type of active ingredient
inte any system where the effect of the active component is
to be delayed. Thus, delivery of any reducing agent into an
aqueous oxidizing system, or vice versa, is within the scepe
of the invention. The delivery of a component designed to
regulate an agueous system in any way is within the scope of
the delayed release or delayed delivery composition or

methed of the present invention.

A preferred system for utilization of this invention is
for disinfecting seft contact lenses with a seslution or
other source of Hz0,. The delayed active éampnnent in suc¢h
a system is a neutralizing compenent for redueing K205
remaining in the disinfecting sclution after disinfecting is
complete. The following deseription of the'invention
focuses upon the contact lenses disinfecting process but is
egqually applicable to delayed delivery of'any material into

an agueous system or solutien.



remaining in the disinfecting solution after d|$|nfect|ng |s conplete T
The foll ow ng description of the invention focuses upon t lﬂrn

di sinfeeting process but is equally applicable to del ayed dﬂl
material into an agueous system or sol ution.
-14- A key elenment of the invention is controlling the rate

di ssol ution or deconposing of the gelatin capsule by wutilizing a neans
that permits flexibility in establishygg a desired release tine, is
precise in controlling release and is reliably uniform capsule to

capsul e. The precise conposition of the gelatin, chem_cal nopdification of
the gelatin na%eF?%Jalﬁmﬁﬂttﬂ? iR 4B¥ENEEOR HiF SHISHY 1ARY SPReF2€i ni | ar

nmeans are QM@h %bgqh%ogfron]?% lﬂzaaigq&ergkease and

profile of the re%ease of active agen e capsule. In the contact
| ens di si iftaQizhgs neUisRis 2iHag Perimdns fhexibiEity an iestabddshing a
substantially no neutralizing occurs during the disinfectin peri od,
perm tting desdred FG&E%SQxﬁiﬂﬁﬂrﬂﬂ:PERGHFErgPCf%P${°¥&ﬂQﬁ|’ asPh&ﬁdthe
prior art sys

A pr re diessol ution is.
to vary t he qug'glﬁwa‘fhlfo r%& I yt Pc eﬁggr’r%' p?iéus%% W t h| n the
capsul e. 1786&p6§§€§ohSnﬂeiﬂﬁﬁaéiﬂﬁmﬁ | eneAScRX Pk EEided M of the

gelatin material, wall thicknesses of the capsule and other

similar means are availabhle and comtemplated for adijusting
rate of release and profile of the velease of active agent
from the capsule. In the contact lens
disinfecting/neutralizing systen, the invention insures that
substantially ne neutralizing pecurs during the disinfecting
periocd, permitting use of lower concentration Hz02 solutions

than the prior art systems.

A preferred means of regulating dissolution is teo vary
the concentration of proteolytic enzyme present within the

capsule. This means is demonstrated in the examples beslow.

An additional means of regulating the rate of
disseolution of the gelatin capsule and hence release of
neutralizer is provided by selecting an appropriate water
soluble inorganic or organic salt iixture.and concentration,
For example, inclusion of an ambunt of sodium ehloride in an

excipient mixture in the capsule provides a means of



An additional means of regulating the rate of dissolution of the gelatin —
capsul e and hence rel ease of neutralizer is provided by sEhSheetiligs Buen Replaced
appropriate water soluble inorganic or organic salt m xtur
concentration. For exanple, inclusion of an anount of sodi [
an excipient mxture in the capsul e provides a neans of

regul ating disintegration tinme by effigcting the osnotic gradient of the
system As denonstrated in the exanples below, the presence of sodi um
chloride in the capsule within a range of about 10 to 100 nilligranms per
capsul e hzegulaping Risinteratinrotipe bYseiEPnA e FE°5F, hence,
resi dudl congentratio rr] rr L. s Fe)d e
concentratqréln18§£s%%i%‘ng:ﬁ%mde%%hg]e r’?g’)é? %5%%#‘?&)‘%/&%:& #%&H;%t ed from
contact widel gbhetHe SpPéLehdd o6 Add i chabrde sithstimtdapsier widhdh ti ne

and then suddenly released to neutralize the hydrogen peroxide. This
char act er iastiapger ef cabeupat® b, 30P RiJAIErans BEVFARRRLG BAF ght of the

i t_that di sinfecti ffi ' t ai
Concent r atiFGfoRRRCPEFBFE ot Tp et Ao perep it SRSl L2 o
means of GQlikahli 8endehtydise! SRS 0 TlveRetEREDI NBY Yaryiny ek a desired

ef fect. The neutralizer conponent of the invention may have, as
concentration of sodium chioride, the neutrzlizer may be '

isolated from contact with the disinfecting solution for a
substantial peried of time and then suddenly releassd to
neutralize the hydrogen peroxide. This characrteristic
release pattern is a distinct advantage in light of the
requirement that disinfecting efficacy generally reduires a
certain concantratien level for a definite perioed of time to
be effective. The two means of e¢ontrolling delayed release

may be comkined to achieve a desired effect.

The neutralizer component of the invention may have, as
its active ingredient, any of a numbeyr of compositions that
neutralize or decompose oxidizing agents and, particularly,
hydrogen peroxide to non-irritating water and oxygen. Thus,
the neutralizex componént for the hydrogen percxide system
of particular interest may be sodium thiosulfate, thiourea,
sodium sulfite, thio glycerol, sodium formate, ascorbic acid

or the like.



Its active ingredient, any of a nunber of conpositions that—meutralze o
deconpose oxidi zi ng agents and, particularly, hydrogen peﬂhususﬂmsBuquMMm

non-irritating water and oxygen. Thus, the neutralizer
hydr ogen peroxi de system of particular interest may be so
ascor

thiourea, sodiumsulfite, thio glycerol sodi um f or mat e, I'C aC|

the Iike. The neutral | may al so be an enzyme in a pomder
form nost preferably, catal ase. cata ase i s conventionally: obtained
from beef liver or m-crobial sources and has a crystalline structure. It

is prepared for 'Jtrhenpﬁl@sehizermmtaltﬁp ire &and epzypenin TheBwad 45emenzyne
w || deconpose vent L onal W dro er oxi,de _wi.th s of contact
with the hydf? %tgéw &F&g?hﬁe &8 ? 'thg%%"'ﬁﬂ =5n 18 'fﬁgveéngéﬁ)arﬁgt “conponent i s
part'CU|ar'&béﬁfﬂﬂdﬁt&&m‘BEe?Oii@er éEQEiéyUﬁﬁﬂl|Eodﬁ&esféﬁdnhas a Ina
preferred conbination, a gelatin capsule includes a catal ase neutralizing

agent for ttxyihﬁkﬂﬂai ssTacstreat i DR lsﬁpzaﬂanhdaﬁbﬁ[the]ﬁ!@#qqt| n agueous

| ut tact, | di fect I
doconposi g FAT A8 SLBEY| FOFR: A BP NERSEIAP e RE P He ARSoRR R

inQVEdientScé§¥Lﬁ¥§Hdﬂle§E5h§ﬁ¥o€Lﬁ0pe£%x£§¥“ﬁ%%h;ﬂenbﬁﬁhﬁge&k contact
with the hydrogen peroxide ¢ontaining sclution. The
catalase compenent is particularly stable in its soliq,

substantially dry., form.

In a preferred combination, & gelatin eapsule includes
a catalase neutralizing agent for the delayed neuﬁralization_
ef residual H>0; in aguepus solution in a contact lens
disinfecting »egimen. A preferred capsule deconpesing
enzyme is subtilisin A or NaCl or mixtures thereocf. Other
ingredients and excipients may also, of course, be included

to ensure proper pH tonicity and the like.

The lenses to be disinfected are submerged in an
agquedus nmedium that is preferably a saline solution. The
selution is preferably preserved and may be isotenic or
hypertonic. Other agueous sélutions may be used as desired
0 iong as they are compatible with components of the

invention.



to ensure proper pHtonicity and the |ike. The Fenses-to—be
disinfected are subnerged in an aqueous mediumthat is prm‘sna@iqm

soluti:on. The solution is preferably preserved and may be
hypertoni c. O her aqueous solutions may be used as desired lmﬂ”'ﬂ"ﬂlmmhey
are conpati ble with conmponents of the invention.

-17- The del ayed rel ease compgsjtion and nethod enployed in the
Herr]Jerr] contact |enses disinfecting systemnmay utilize any source of
Herr]Qerr] for disinfeeting. A preferred Herr](err] source is a solid
conpl ex format rbe O&lpphd \Fededase rdmnmmi(bnvmdanethh@o#mngeﬁ-oxi de
(H[err]qerr]}.l as described by Merianos at al 008, 106. It is
an anhydr 5&€ aRef GPATAFY ckeng ﬁf*ﬁ#%’xﬁﬁ. 3‘B8M?yvﬁﬁ"b%zrﬁa9n3e stably

m xed wit R bdgr nfcﬁgag“féﬁ- Safid 0S ipf aQEfo::&Benﬁ E&Bdﬂ& ighe
conpl ex may be abou 24% by WEI ght err err A preferred

H err] J era [scdddt enhples (8220idh ot ]ﬂm:.]nyapd'rtam:ﬁpﬁertM) and Bot h
t he PVP-H&B'rr]q&err% and cat al ase neutralizer are in solid form\r%_/mch may

be conbi nd¥SFRIENSPRYPEIAG cLE2R2 ) 0r25 H&ATH bY HEFEBRPS e rant®aqueous

medi um fory 120! & g@st BEs. COPLALL RPN EnileBERC! 8fee THEOWINY €di ent's

nmust be

fine white powder which may be stably mixed with other
components of the composition of the invention. The complex
may be about 3-24% by weight H302. A preferred HyO0; content

is 18-22% H20> and 1-2% H0.

Both the FVP-H,0, and catalase neutralizer are in solid
form which may be ccnbi;ed in a single package for
simultanecus delivery into an agueous medium for holding the
contact lenses to be disinfected. The ingredients must be
packaged in a manner that prevents any significant premature
reacticn between the active components. A preferred
packaging includes the disinfectant in taklet or powder form
and the neutralizer contained within a capsule; as described
adove. The preferred packaging may include a meisture proef
foiled pouch containing all of the disinfecting and

nentralizing components.

The following examples Qemonstrate the delayed release

delivery compeosition of the invention, including utilizatioen



packaged in a manner that prevents any significant premature reaction
bet ween the, active conponents, A preferred packaging |ncTudes the'”'
disinfectant in tablet or powder form and the neutrali zerThixfhees
a capsul e, as described above. The preferred packagi ng nay
noi sture proof foiled pouch containing all of the disinfec
neutral i zi ng conponents. The foll ow ng exanpl es denDns ra
del ayed rel ease del i very conpositi 6A®5f the invention, |nclud|ng
utilization : of the invention in contact Iens

di sinfecti Bg/ pRet {xNdmitth RhOeeneRst lehAMEinflectirdd/Met@etylating
PVP-H err](Jerr] D ssolved in Preserved Sal i ne Sol ution
A preferremregessesf Herr]Jerr] disinfecting solution for contact
| enses for use in conbination with the del ayed delivery system of the
invention is a solid PVP-Herr](Qerr] conplex. The PVP-Herr](Jerr]

conpl ex supRPfle 0¥ 4 SFek |oQ9h=&§—H bgcnieéawé@ein Npkesagveauni f orm
free flowing fine white po Is 18-20% by weight Herr]Jerr] and 1-2%
by weight Herr]QO SLSaflmeetStglanmonts of said conplex are dissolved in an
I sotoni c saline solution, preserved with sorbic acid to form sol utions
having 0.5 to 3% by weight Herr]derr].

A preferred source of Hy0, disinfecting sclution

i

for contact lenses for use in combination with the delayed
delivery system of the invention is a solid PVP-H50,
complex. The PVE-H;0, complex supplied by ISP Technologies,
Inc. of Wayne, NJ, as a uniform, free flowing fine white
powder, is 18-20% by weight H;0, and 1-2% by weight H30.
Sufficient amounts of said complex are dissolved in an
isptonic saline solution, preserved with sorbic acid to form

solutions having 0.5 to 3% by weight H30;.

Test volumes containing 106 prganisms/velume
concentrations of iest micrnorganisms are prepared for
candida albicans (Ca), Aspergilles fumagatus (Af) and S.
marcescens (Sm) using standard culture methods, harvest
technigues and gquantitative mic;pbiclogical analysis. *Table
I demonstrates efficacy of the fvr—ﬂzoz complex described

above,



Test vol unes containing 10[-err] organi sns/vol une concentratlons of test__
m croorgani sns are prepared for candida al bicans (Ca),
fumagatus (Af) and S. nmarcescens (Sm using standard cu

(S
harvest techni ques and quantitative m crobiol ogical anal ysif§ 'Il'l
denonstrates efficacy of the PVP-Herr](Jerr] conplex desc ;
REPLACENMENT SHEET -1 . Log Reduction of
% Herr]Jerr] PH Sm Ca A w9
1 hr 4 hrS 2hr 4 hrs 1 hr 2 hrs 4 hrs 3.0 5.9 1.7 > 4.5 >
4.4 > 4.4 2.4 > 4.9 > 4.9 2.TABLE.H. 1 1.1 > 4.5 2.9 > 4.4
1.3 3.4 >4.9 1.0 6.5 0.8 2.3 1.2 1.9 0,4 0.6

2.3 EXAMPLE 2 - Controlled Rel ease of Encapsul ated Neutralizer

and Resulting Residual Herr]Jerrlag Rednctlon of The controlled rel ease
conposition of the inventionis a ge atin capsule and a degonp05|ng agent

% H30p pH En Ca_

Jwt¥) 1hr 4 hrs 2 hp 4. hre 1 hr 2. hrs 4 hxs
1.0 5.9 1.7 > 4.5 > 4.4 > 4.4 2.4 > 4.9 > 4.9
2.0 6.1 1.1 > 4.5 2.9 > 4.4 1.2 3.4 > 4.9
1.0 6.5 0.8 2.3 1.2 1.9 0.4 0.6 2.3

EIAMPLE 2 — Controlled Release of Encapsulated Neutralizer

and Resulting Residual H203

The controlled release composition of the
invention is a gelatin capsule and a decomposing agent
comprising an enzyme or insrganic salt. A suitable gelatin
capsule is manufactured by Capsagel, a division of Warner~
Lambert Company of Greenwood, S.C. and characterized as
Natual Conisnap®. The active agent delivered to the
disinfecting solution of H30; is catalase, supplied by Sigma
Chenical Co. of St. Louis, MO., derived from bovine liver
and is designated as Catalase EC 1.11.}.6. A mixture of
catalase, subtilisin or Nat¢l and lactose filler (about 128
ng) is inserted into the gelatin capsule, in the amounts

indicated in Table II.



conprising an enzyme or inorganic salt. A suitable gelatin,. sule is
manuf act ured by Capsagel, a division of Warner- Lanbert cen Replaced
Greenwood, S.C. and characterized as Natual Conisnap[err]. " Luu
agent delivered to the disinfecting solution O Herr]Jer ,

supplied by Sigma chemcal Co. of St. Louis, MO, derived from bovine

liver and is designated as Catalase EC 1.11.1.6. A m xture of

cat al ase,

subtilisin or NaC and | actose fiIIereébout 128 ny) is inserted into the
gelatin capsule, in the anobunts indicated in Table I
The filled capsule is mlacsdidn sapbheer i Fldded AnubnOR,0geRBL 8¢ £5h DY
di ssolving PVP-H err](err] solid in saline solution as described
Exanpl e 1 mgemeratddbbe disscvdmiys PVPsHEOA| sol{drim Eadine selationcid on of

time(mn).
Conc. of

TABLE 11 Rel ease

. Conc.
desgrdbRf FRBXIRMG B abPerer er Tabke kT JaRcxEs Rg8ALuUal Cat al ase

n

of

v. time (m Ager . : utcalizer 0 60 120 180 285 300
|2||§i%f‘b‘.‘%§‘°‘4%"me’}|%m51oo 94.9 93.1 ND ND O b) Nad

(mg) a) s

70. 00 1.4 100 44.1 27-EQE#§FJ@D 0 c¢) Nad 9.50
100 100.0 -- 96.6 9.8 ND esS 2(b) and 2(c) denonstrate the

effects that

Release Conc. of Conc. of Percent Remaining Hy0;

Controlling Agent Catalase -, time {(min.)

Agent (=g) Neutralizer 0 80 120 180 285 300
(wg)

a) subrilisin 0.09 1.0 100 94.9 93,1 KD NP O

b) Kacl 70,00 1.4 100 44,1 272.0 KD KD O

¢) NaCl 8.50 1.0 100 100.0 -- 96.6 9.8 ND

Examples 2(b) and 2(c) demonstrate the effects that
concentration of an inerganic salt decomposing agent has on
the disinfecting environment. 1In Example 2(c) the
congentration of NaCl is such that residual Hy0; remains
substantially unaffected for about 180 minutes, before
rapidly dropping to zero at about 285 minutes. In contrast,
Example 2(b) shows a much faster release of neutralizer and
rapid reduction of residual Ha02.

EXAMPLE 3 -~ Effect of Concentration of Subtilisin-a
Decomposing Agent On the Release of Neutralizer

(PVP~H20, System)

1.0



concentration of an inorganic salt deconposing agent has on thew—————

di sinfecting environnent. In Exanple 2(c) the concentratlthSMmeﬁh ceh Replaced
such that residual Herr]derr] remains substantially unaff h%
180 m nutes, before rapidly dropping to zero at about 285

contrast, Exanple 2(b) shows a nuch faster rel ease of neutra

rapi d reductlon of residual Herr](efy] EXAMPLE 3 - Effect of

Concentration of Subtilisin-A Deconposi ng Agent on the
Rel ease of Neutralizer (FVP-H err]gerr] System
-21- Percent Eggngﬁ;np H[err]CIerr]Z (9 Time (mn)
A B C D 100 100 100
100 60 48.0 Pemuit Rmai@inqgszgz ('92 7 120 4.6
20. 7 23.5 98.9 92.7 300 0 0 o » 7.1 ND
360 e (mis - - 0 0 Cel atin capsul e,
size 4; cat zﬁ as(g,mlrrg: s%di um B cfiori de!,) 11rrg';% subtilisin-A 1ng of
| act ose; and | act oo 102{@p 100 100 100
60 48.0 64.1 921.0 9B.9 92.7

120 4.6 20,7 23.5 98,8 92.7

300 0 o 0 7.1 ND

360 - - - 0 0

A Gelatin capsule, size 4; catalase, img: sodium

chloride, 1lmg; subtilisin~-A, 1mg of lactose; and

lactose, 102mg.

B The composition is the same as in A, except subtilisin-

A is 0.44my of lactose per capsule.

c The composition is the same as in A except Subtilisin~a

is 0.2mg on lactose per capsule.

D The composition is the same as in A execept there was no
subtilisin-A in the capsule.
E Gelatin capsule, size 4; catalase, 1ng; subtilisin-A,

0.08mg on lactose, 130mg.



B The conposition is the same as in A except subtilisin=

0.44nmg of [ actose per capsule. C The conposition is {TAR ShefBas l&pﬁécd
except Subtilisin-A is 0.2nmg on | actose per capsule.

conposition is the sane as in A except there was no suHm,”wmm “m
the capsule. E Gel atin capsule, size 4: catal ase, 1ny;

0.08ng on | actose, 130ng. -22EXAMPLE 4 - The follow ng exanple is

substantially the same as Exanple 3 except that the source of Herr](err]

is a conventional aqueous 3% Herr](Jerr] solution ratﬂer t han bei ng
derived fEFMPERi 4 PVFhefoklay{ing Exasipeeks substantially the same

;I',rAT\]Bh)E v as Example 3@5%%5’%83{ Gi:a%eR%ré%'rgéngfzgzedr]zg S”] (9 TiCrre 0
é805 comrgnta.nnal J-%Qeous 2k Hy0, snlut;BP rather thNB 17:e1ng 88. 0 30
der:.ved from solid m-ﬁzoz ccmplex.
TARLE IV
Percant Remaining Ez0; (%)
Time (min) Capsule
A B c
0 100 100 100
20 ND ND 8%.0
30 89.5 ND ND
&0 0 86.7 0
120 - 14.6 -
360 - 0 -—
Capsule A: catalase, lmg: subtilisin A, 0.08mg on
lactose; and lactose 128 mg.
Capsule B: catalase, 1lmgs; sodium chloride, 1img:; and
lactose, 128 mg |
capsule C: catalase, 1mg: sodium chloride, limg:

subtilisin A, 0.2mg on lactose; and lactose,

122 ng.



120 -- 14.6 - 360 o

- - Capsul e A; catal ase, 1ng: subtilisin A 0.08n0 ¥HisSheet Has Been lmxd

| act ose; and | actose 128 ny. Capsul e B: cat al ase,

chloride, 11lny; and | act ose, 128 ny Caam Hmmlmum '
catal ase, '1ng: sodium chloride, 11ny: ng
on | actose; and | actose, -2 122 ny.

-23- EXAMPLE 5 - Efficacy of Controlled Rel ease Disinfection

System of the Invention . Gel atin capsules identified as

"Capsul e BXAMEZRE ScorEffirnamy afiCsingselledgRelease |Disinfexijenand | act ose,
137ng, conprising the neutraI|Z|ng congonent of the invention, are placed,
substantial |y simul t SFERRN PR IDVENELBP | O err] conpl ex, into a test
sanple of saline inoculated wth the indicated test organismat a
concentration of 10[err] mcroorganisns/test volune. The sanples are

tested periodically sypitin Rgsulled jheatiededtaom@ipdlile QQmgaRlsm

popul ation to determ ne efficacy.
containing: catalase, lmg; subtilisin, 2mg: and lactese,
137mg, comprising the neutralizing component eof the
invention, are placed, substantially simultaneously with
FVP-H3;0, complex, into a test sample of saline inoculated
with the indicated test organism at a concentration of 10°
microorganisms/test volume. The samples are tested

periocdically over 6 hours for log reduction of microorganism

population to determine efficacy.
IABLE V

candida Albicans - Log Reduction of Organism

Population vs Time [hrs)

Sanple i hr ) 4 1 S

Capsule 12 0.9 1.5 2.5 2.2



TABLE V Candi da Al bi cans - Log Reduction of CFgamHym_~——_______

Popul ati,on*vs Tinme [hrs] Sanmpl e 1 hr 2 hr SThis Sheet$1adBein

hrs Capsule 12 0.9 1.5 2.5

- 24- Aspergillus fum gatus - Log Reduct i on O”'H&HH’H"”I”",
Popul ati on 1 hr 2 hrs 4 hrs

capsul e 12 1.5 2.5 -24-4.2 I n operation, -

contact |lenses to be disinfected are placed in an |soton|c sal i ne
solution, preferably preserved. As a preferred source of Herr]Jerr],
solid PYP-Herr]derr] and the ddﬂﬂyﬂglﬂélease capsul e of the invention,
I ncl udi ng the encapsul ated neutralizer, are added substantially

simul taneously to the solution hol ding the | enses. The PVP- H202

di ssol ves, prodUC|ggggﬂgk%fﬁ%lgéﬁgﬁhuﬁg I hEQ8r Din | 86 Drigadisn3% by
wei ght H202 pref erably abou y weight Herr](err] or

Populatien
1 .hr 2.nrs 4 hre 6 his
Capsule 12 1.5 2.5 4.2 4.1

In operation, contact lenses to be disinfected are
placed in an isotonic saline soluticn, preferably preserved.
As a preferred source of Hy0p, solid FPVP-Hy02 and the
delayed release capsule of the invention, including the
encapsulated neutralizer, are added substantially
sigultanesusly to the solution holding the lenses. The PVP-
H;0; disselves, producing an H0; concentration of less than
3% by weight Hy0,, preferably about 2% by weight H30; or
less, which effectively disinfects the lenses. The required
time for completion of disinfecting varies depending upon
the concentration of the H;0> and other factors. Water from
the solution at ambient temperature (below 230°C) causes the
capsule, preferrably gelatin, to swell and a small amount of
water is transmitted through the walls of the capsule inte
contact with the components therein. %The water entering tﬁe
capsule activates the capsule deconposing agents, i.e.,

protealytic enzyme and/or inorgan?: salt present within the



| ess, which effectively disinfects the lenses. The required tioe faor .. ___
conpl etion of disinfecting varies dependi ng upon the coneentrat+on—of—the—
H[errIderr] and other factors. Water from the sol ution Tis Shé0H@ Heen Replaced
tenperature (below 30[err]c) causes the capsule, preferrab Kl
swell and a small anmpbunt of water is transmtted through tmuﬂﬁlwl'ml ll!la

capsule into contact with the conponents therein. The wate

capsul e activates the capsul e deconposi ng agents, i.e., proteolytic enzyne
and/ or inorganic salt present wthin 3%
- 25- capsule, initiating disintegration of the capsule walls. Depending

upon the exci¢amnile, pietdating idisintdyracims Wfethe tdapsdisivaiagt ati on or
deconposi ng process, and, hence, .the rel easing.of. neutralizing conponent,

i s del ayed ¢ cheRERpRhg “P%H%ieé‘ﬁép{]ﬂ‘tﬁeﬁﬁ“&i GiTHAR EPS AR | enses. The
neutralizer cen@eiSibtedalish A HeStipdsaig protekdSand, ch@egdend he catal ase
within mnutes begins to reduce the H202 |evel of the disinfecting

sol uti on and, THHORFART A%y NeVHRRIAHBS | ATBAN PR UE STk AT FakiPRvel to that
whi ch can b%@ﬁﬁ@ﬁ@ﬁ@@ﬁﬁ@ﬁﬁ}/ﬁqéﬁsﬂr&sm'mszel. Utdn s a

hypertoni ¢ solution having an osno ity of greater than 350
m | |i osnol s/ kepwakiizem conpenpntandreferablyfeathdasendssthen h i sotonic

saline is typi'éf@aggdfjo%ebggpheésgh@it!h%ﬂsﬁfnﬂeg begins to reduce the

H»0; level of the disinfecting solutien and, ultimately,
decomposition reduces the residual level to that which can
be accommodated by the eye. The resulting solution is a
hypertonic solution having an osmolality of greater than 350
williosmols/kg solution. A rub and rinse of the lenses with
isotonic saline is typically done before the lenses are

inserted into the eye.
A preferred regimen is as follows:

. Remove lenses from the aeye

2. Rub and rinse with preserved saline

3. Place lenses in a lens holder

4. Transfer contents of the packets including the
solid PVP-H20y complex and capsule to the lens
holderx

5. Add 10 cc of preserved saline

6. Place lenses in the lens holder



inserted into the eye. A preferred reginmen is as follows:

1. Renove |lenses fromthe eye 2. Rub and rinse with_preserye laced
saline’ 3. Place lenses in a |ens hol der 4. Tr @lﬂmg Rm‘ -

of the packets including the solid PVP-Herr]Jerr

capsule to the lens hol der . 5. Add 10 cc of

sal i ne 6. Place lenses in the |-e® hol der

- 26- 7. Al'low to soak for up to 6 hours 8. Renove | enses and

rinse with preserved saliyeg to scak for WpCEA'E HARSETting in the eye
It will be evident to those skilled Iin the art that the controlled rel ease

conposi tion of the8enveiarioyn lensgschnd rifge widhk pokdervedctaddoe of any agent

into an aqueous sol uti h he iV i can be applied to acid-base
redor andd ot her appl i%}iafgn%?s\ﬁnrrg?‘ggi% ?g&dg sired to introduce an active

conponent into an aqueous medium but delay the effect of the active
conponent for a Prg eﬁl'ﬁcit %gz 8\%6‘2%% 8;. 't;[hlnr;?z'skilled in the art that the
econtrolled release composition of the invention is useful
for controlled release of any ugenﬁ into an aquesus
solution. Thus, the invention can be applied to acid-base
redoy and other applicatiens where it is desired to
introduce an active component into an aquesus mediunm but
delay the effect of the active component for a preselected

period of time.
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%g?Gdel aylzng ol eas'lgnsSheetHasBmh onponent into an aqueous fl uid,
2queous. f1uid al | ou Ulmlﬁm flhac ovel s L he Eﬂﬂllfﬂillﬂlllﬂllll Il

capsul e deconposi ng agent activated by said entering nmoi"stbire wer éi n"sai d
agent deconposes said capsule sufficiEmtly to relesse said active
conponent at a predeterm ned delayed tinme after said capsule contacts said
aqueous fluid. CLATMS

1. A composition for delaying release of an active

component into an aguecur fluid, comprising:

a capsule that swells in ﬁhe preseance of an
aqueous fluid allowing moisture to enter said capsule; and

a capsule decomposing agent activated by said
entering moisture wherein said agent deconmposes said capsule
sufficiently to release said active component at a
predeternined delayed time after said capstle contacts said

agueous fluid,

2. The compesition of Claim 1 wherein said capsule is

gelatin.

3. The ceoaposition of Claim 2 wherein saijid
decomposing agent is a proteolytic enzyme in an amount
sufficient to achieve a predeterzined releame of active

component.

4. The compoeition of Cleir 2 wherein sajd
decomposing agent is a water soluble organic or incrganic
calt in an amount sufficient to achieve & predetermined

release of active component.



wherein said capsule is gelatin. 3.
] ﬁﬁ d deconposing agent.is _a proteolytic
np

2 The conposition

The corrpos+ tion of cl

enzynme I n an anount q‘\”ﬂ hi eve a predeterm ned rel ease of
active conponent. osition of Claim Zimumﬂl“ﬂﬂﬂm |”"l
deconposi ng agent is a water sol uble organic or inoxgani

amobunt sufficient to achieve a predeternined release of dct ‘vet cohpdhert .
- 28- 5. The conposition of d ainrd8wherein said salt is sodium
chloride, potassiumchloride or sodiumcitrate. 6. A conposition

for delaying rel eage ofrve RRubbadditnnge OUTIASE tﬁ:ﬁ&eiﬂta:.a sﬂhut:.lson of
hydr ogen peroxide for_disinfecting contact |enses, [%I’I si ng

a capsul e t hat 58%iF Shieride. (PeRARRASBSRAITARP tF “ﬁﬂi"é'f 5’?5’ ‘ent er sai d

capsul e; a capsul e deconposi ng agent activated by said entering
moi sture wherein said agent deconposes said capsule sufficient to release
said neutralizing conpohciftzPeRibiantar deayipg Felease of &  \herein rel ease

of the neutral hZ@krd13288) Welosition inte a solution of hydrogen

peroxide for disinfecting contact lenses, comprising:

a capsule that sweils in said solution allewing
moisture to enter said capsule;

a capsule decamposing agent activated by said
entering meoisture wherein said agent decomposes said ecapsule
sufficient to release said neutralizing component inte said
soluticen,

wherein release of the neutralizer is delayed
until after the disinfecting step is completed and then

neutralize residual hydrogen peroxide.

7. The composition of Claim 6 wherein said eapesule ics

gelatin,

8. The composition of Clajim 7 wherein said
neutralizer component further comprises a proteoclytic enzyme
within said capsule wherein the capsule in the agqueous
apedionm swells, transmitting sufficient water into the

capsule to activate the proteclytic enzyme to digest the



until after the ﬁhs%hgétﬁ&t é@ is conpleted and then neutralize

r esi dual hydrogen mw 7. The conposition OT clraimoe 'V\herel n

sai d.capsule is : The conp05|t|on
her conprises a prote Imm hi n
S »

said neutralizer
sai d capsul e wherein the capsule I n the agueous nedi umswe

transmtting sufficient water into the capsule to activate the proteolytic
ehzyne to digest the —29- - 29- capsul e,
rel easing the neutralizer into the aqueous nedi um whereby residual

?gfar]gigéséﬁﬁflc enzynéi%dthebPFFtr?ﬁiz°;Kiﬁﬁyn£ﬁ§lL#ﬁgﬂgL Shal g @ wherein

conpoSTiion of

A ai m 8 Wogérary SisiauaqUuiLabi 18" neitPaLfdad ase enzyne. 11. The
conposition of Cla|n110 whér€in the amount of subtilisinis adjusted to

del ay digestion of said capsule to provide sufficient tine for
di si nfecting by sald Herr](err] solution.
he composition of Claim 8 wherein said

proteolytic enzyme is subtilisin.

10. The composition of Claim & wherein said

neutralizer is a catalase enzyme.

1i. The composition of Claim 10 wherein the amount of
subtilisin is adjusted to delay digestion ¢f said capsule to
provide sufficient time for disinfecting by said H30;

solution.

12. The composition of Claim 11 wherein said
subtilisin is present in the amount of about 0.05-3.00
| milligrars per capsule and said catalase release is

substantially delayed for about l1-2 hours.

13. The composition of Claim 6 whereiln sald means for
delaying release of said catalase enzyme comprises sodium

chleride within said capsule.

14. The compesition of Claim 13 wherein said Nacl is
present in said capsule in a range of about 5-100 milligrams

per capsule.



12. The conposition of "Craimit-—wherein said subtilisin-s-present_in the

anount_of *about m&&mmnem@darrs per capsul e and sal d catal ase rel ease”

is substantiall y out 1-2 hours. ” ”mmuﬂmﬂ
of Claim®6 wher el r del ayi ng rel ease of sa H"}e
conpri ses sodium chlori n said capsul e.

conposition of Claim13 V\/nerel n said NaCl is present in sal d capsul eina
range of about 5-100 milligrans petr3gapsul e.
- 30- 15. The conposition of Caim 13 Werein said NaC is present

in | th t 70 | | |.e. Th t f

Cl'ai m 13 whor offr st REBPSRLELIRGRE GERTH 1T JPaRELBer oLt oo And sai d
t al | t o 17.

'Cl'ﬁeacgfne)o??tklggﬁeo%§d%gr)n%?ﬂmﬁgrbieﬁynﬁgal dﬂﬁ[‘3f err | qgg?rfgpé(l)il%?lr zn is formed

by di ssol ving pol y-vinyl pyrrolidone- hydrogen peroxide (PVP-Herr](err]) .

conplex in a solid formhaving an Herr](err] conponent in an anount
sufficient forl€ai dThalicompbgdting ©fi Glyie s Wwhereini paid Nagl ds.

about 10 milligrams per capsule and said catalase release is

substantially delayed for about 2-3 hours.

17. The compasition of Claim 6, wvherein said Hy0»
solution is formed by dissolving poly=-vinylpyrrolidone-
hydrogen peroxide (PVP~Hp0,) complex in a solid form having
an Hp0 component in an ancunt sufficient for said

disinfeeting in a preserved saline solution.

18. The compesition of Claim 17 wherein said PVP-H0,

complex comprises up to about 40% by weight H20;.

19. The composition of Claim 17 wherein said PVP-H303
complex comprises about 25% by weight H;0> and said complex

components are present in a ratie of about l:1.

20. The composition of Claim 17 wherein said FVP-H,05
complex is in the form of a solid compact tablet, granules,

caplets, o©or pavder.



18. The conposi tm@h&;_d ' n 17 Wherel n said PVP-Herr](Jerr] conplex

conprises-up..to a ,l"r“' A ght Herr]Jerr]. 19. The 7 T
conposi tion of CIE s_ald PVP-H err]Jerr] 3m’

about 25% by weig , I and said conplex conp Emflmﬁmmm
inaratio of about 1: 1 20. The conposition of C*irh 1¥ whmerei n
said PVP-Herr](err] conplex is in_the formof a solid conpact tablet,
granules, caplets, or powder. =31=- _31-

21. The conposition of Gaim1 wherein said PVP-Herr](Jerr] conplex and
neutralizer, bgfor ol SipsAR1bR 351 € REFSL W eiR0kHLA OBV iR conbi ned in

a dry package or capsul e. od of disinfectind ¢ontact

| enses, conpleRi @gd neutralizeitr pefgredisdaiviey in saidoprEemsewaddi um
addi ng to said aqueous nedi um a conpositi,on conpri sing,

pol y- vi nyFe}BESen dovee (BRmRiged dor xaTe paiagyq oy POPEREEY  conpl ex wherein
said conplex is in a solid fromhaving an Herr]Jerr] conmponent in an
anount sufficient for said disinfecting, and

22. A method of disinfecting contact lenses,

comprising:

subrperging said lenses in an agqueous medium;
adding to said agueous medium a composition comprising,
poly=~vinylpyrrolidone-hydrogen peroxide (PVP=H303)
complex wherein said complex is in a solid form having an
H»0s component in an amount sufficient for said

diginfecting, and

neutralizer component, in & solid form, said
neutralizer in an amount sufficient to substanti.any
neutralize residual Hy0, from said disinfecting, said
neutralizer component including means for delaying release

of said neutralizer until arfter said disinfecting,

vherein said PVP-Hz0; complex and neutralizer are
substantially simultaneously contacted with said lens

subnerged in sald agueous medium.



neutralizer corrponent in sﬁm form said neutralizer-in_an_anmount

sufficient.to sulfEhisfh ralize residual Herr]J](err] fromsaid
di si ntecting, sai d onponent including nmeans I Imﬂ,“m/ulﬂrlmu
rel ease of said n

after said disinfecti n
said PVP-Herr] (g err] corrpl ex and neutralizer are subst ant i al y
~ sinmultaneously contacted with said | ens subnerged in said aqueous nedi um
- 32- 23 The nethod of C aim 223@dherein said disinfecting solution
after neutralizing is a hypertonic solution of greater than 350

mlliosnols per ki ogrAeehbhi &P c138htez RBkhOG Buid E=iaee@ringi Ng rubbi ng
and rinsing said disinfected |enses with a preserved isotonic saline

sol ution priSSAVEEPn ASERY FeWtERlining L& SYPRYEPRE ’é‘iﬂé‘t’*"“ ®f  24. The
met hod of O g, 2%%&5%% 33183 0BaNS HOF xsd BE1GElcRASEaKONDY | Ses

encapsul ati ng sa neutralizer conponent wthin a capsul e that is
subst anti al | yﬂeﬁ'-m@lmermmaidum]mbhttMGMnssa#cF!@dpsul e swelling to

al low 1101 St g L0, 8l e llOy 38l G GARIUNRA' DecMib L Cdaiine AL oh O

activate a capsu econposi ng Ararn sard ‘agent causes
rel ease of tlpriseuty ZnsertignC ofPSMli lefkast in tha eye.

24. The method of Claim 23 wherein said means for
delaying release comprises encapsulating said neutralizer
component within a capsule that is substantially insoluble
in sajd agueous medium, said capsule swelling to allow
meisture to enter into said capsule in pufficient amount to
acgtivate a capsule decomposing agent therein wherein said
agent causes relsase of the neutralizing component at a
predetermined time delayed from contact of the capsule with

the agueous medium.

25. The method of Claim 24 wherein said capsule is

gelatin.

26. The method of Claim 25 wherein said capsule
decomposing agent is a proteclytic enzyme or an inorganic

galt., -



predeterm ned ti rre deI ay é‘d’Trom contact—of the capsul-e wth—the-agueous-

medi um = . Bahkalmecm 24 wherein sai

gel atin. 26 T mm’@,’»u aim 25 wherein s MHM&I“"W'“ l“l
deconposi ng agent is a zyne or an inorg

- 33- The neth 6 wherein said capsule deconposing
agent is subtilisin. - 28. The nmethod of Cl aim 26 wherein said

capsul e deconposing agent is Nad, K*3*or nixtures thereof.

27. The method of Qlaim 26 wherein said capsule

decomposing agent is subtilisin,

28. The method of Claim 26 wherein said capsule
decomposing mgent is NaCl, KCl or mixtures thereof.



