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BACKGROUND OF THE | NVENTI ON This invention relates to an ophthalmc
| éns with inproved properties especially adapted for extended wear
applications. More specifically, it relates to an ophthalmc |ens
whi ch contains a conpound capabl e of preventing or decreasing the rel ease
of bacterial toxins into the eye. A dramatic shift has taken pl ace
over the past decade concerning ophthal m c l¥ns technol ogy, and

i nprovenents in this technol ogy have |l ed to changes in the manner in which
ophthalmc |enses can be worn by the patient. . As technology has

advanced, it isTReWEP@ISiTHE haymestopht hal m ¢ | enses for extended periods
of time, even during periods of sleep. This has occurred because these
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point where the | ens can be worn by the patient for extended periods
wi t hout

BACKGROUND OF THE INVENTION

This invention relates to an ophthalmic lens witﬁ
improved properties especially adapted for extended wear
applications. More specifically, it relates to an
ophthalmic lens which contains a compound capable of
preventing or decreasing the release of bacterial toxins
into the eye.

A dramatic shift has taken place over the past decade
concerning ophthalmic lens technology, and improvements in
this technology have led to changes in the manner in which
ophthalmic 1lenses can be worn by the patient. -As
technology has advanced, it ‘is now possible to wear

| ophthalmic lenses for extended periods of time, even
during periods of sleep. This has occurred because these
lenses, particularly contact 1lenses, have become more
compatible with delicate eye tissue. Consequently,
_&5 patient comfort has increased to the point where the lens
' can be worn by the patient for extended periods without
significant discomfort. The type of contact lens which is
most closely associated with extended wear applications is
a soft hydrogel lens, which consists of a hydrophilic
polymer swollen with a substantial amount of water.

Unfortunately, the use of ophthalmic lenses for
extended wear applications has not been free of problems.
For example, bacterial infections of the cornea have been
reported. 1In the presence of minor trauma to the outer



significant disconfort. The type of contact | ens which is nost closely
associ ated with extended wear applications is a soft. hydrogel |ens, which
consists of a hydrophilic polyner swollen with a substantial anmount of

wat er . Unfortunately, the use of ophthalmc | enses for extended wear
applications has not been free of problens. For exanple, bacterial

I nfections of the cornea have been reported. In the presence of m nor
trauma to the outer -2 - -2- surface of
the cornea (epitheliun), bacteria nmay enter and ultinmately ul cerate the
cornea (ul cer atswefkeeadf ttise,carnead{épithebiun) , i bacberpaopayl gnteeasnd,
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of toxins which nay cause ulcerati've keratitis onmon appro
been to inpregnate the lens with a broad spectrum anti m crobi al . Nbslard

et al. (Polym Prepghif@ a@&%ﬁiptgo?xaveub\éef Hada @Qﬁﬂkéoc@ntéég #8fses

(1989)), descrlbe a reversi ble_chem cal inmobilization of jndonethacin,
mhlch is an ant¥b }ﬁ?laﬁﬁaFépﬁhgﬁbﬁF fighting off bacterial infections' in

general, 1little has been accomplished to design a lens
which is capable of preventing or decreasing the release
of toxins which may cause ulcerative keratitis. The
common approach has been to impregnate the lens with a
broad spectrum antimicrobial. Meslard et al. (Polym.
Prepr. Am. Chem. Soc., Div. Polym. Chem. 30 p. 488-489
(1989) ), describe a reversible chemical immobilization of
indomethacin, which is an anti-inflammatory agent, onto
ophthalmic hydrogels. The drug is hydrolytically cleaved
and released from the lens on the eye. Schwartz et al.
(Am. J. Ophthalmol., 109, pages 701-704) describe the use
of contact lenses formed from collagen to release
amphotericin B, which is an anti-fungal agent, to rabbit
eyes. U.S. Patent 4,931,279 describes a contact lens made
with an ion exchange resin and a drug such as pilocarpine,
which is an anti-glaucoma agent, for release into the eye.
Finally, in a broad sense, European Patent Application
219,207 describes the use of hydrophobic polymers as drug
delivery agents. It is possible to make ophthalmic lenses
from such hydrophobic polymers.

The prior art attempts to minimize or eliminate
diseases associated with extended wear of ophthalmic
lenses all have a significant drawback. Although the use
of broad spectrum antimicrobials may ward off undesirable
bacteria, it is also likely to kill the normal biota of
the tear fluid present in the eye. The elimination of



opht hal m ¢ hydrogels. The drug is hydrolytically cleaved and rel eased from
t'he lens on the eye. Schwartz et al. (Am J. Ophthal nol., 109, pages
701-704) describe the use of contact | enses fornmed fromcollagen to rel ease
anphotericin B, which is an anti-fungal agent, to rabbit eyes. U S. Patent
4,931, 279 describes a contact |ens made with an ion exchange resin and a
drug such as pilocarpine, which is an anti-glaucona agent, for release into
the eye. Finally, in a broad sense, European-Patent Application 219, 207
describes the use of hydrophobic polyners as drug delivery agents. It is
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fromthe coll apre dysihg eFebaceemilanmunodef ense system In addition,
the large scale destruction of bacteria in the eye may | ead to adverse
reacti ons because of the rel ease of toxins associated with the |ysing of
bacteri a. ' Another approach for preventing the deleterious

effects of corneal infections is disclosed in U.S. Patent
4,485,029. This patent describes an aqueous solution of
glyceryl monolaurate for use as a cledning, disinfecting
and preserving system, for contact lenses. While
immersing this lens in this solution may preserve the lens
for a longer period than what otherwise would be possible,
this technique would not prevent or decrease the release
of bacterial toxins when exposed to such toxins on the eye
of the wearer. This is so because the amount of glyceryl
monolaurate inadvertently absorbed into or on the lens is
insufficient to prevent or decrease the release of
bacterial toxins.

~In view of the deficiencies of the prior art, it
would be desirable to develop an ophthalmic lens which is
capable of preventing or decreasing the production of
bacterial toxins when the lens is exposed to bacteria. 1In
addition, it would be especially desirable if such a lens
could be developed which has specific activity for
eliminating the |ulcerative toxins associated with
bacterial keratitis.

SUMMARY OF THE INVENTION

The invention is an ophthalmic lens for placement on
the anterior surface of the eye. The lens has impregnated



Anot her approach for preventing the deleterious effects of corneal
i‘'nfections is disclosed in U S. Patent 4,485,029. This patent describes an
agueous sol ution of glyceryl nonolaurate for use as a cl eaning,

di sinfecting and preserving -system for contact |enses. Wi | e
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Is an ophthalmc lens for placenent on the anterior surface of the eye. The
| ens has i npregnat ed . . .
_ a) monoesters of a polyhydric aliphatic alcohol and

a fatty acid containing from eight to eighteen
carbon atoms and wherein said monester has at
least one hydroxyl group associated with its
aliphatic alcohol residue;

b) diesters of a polyhydric aliphatic alcohol and
a fatty acid containing from eight to eighteen
carbon atoms and wherein said diester has at
least one hydroxyl group associated with its
aliphatic alcohol residue; and

c) mixtures of said monoesters and diesters.

Surprisingly, the incorporation of the ester into the
ophthalmic lens significantly decreases or prevents the
release of bacterial toxins when the lens is exposed to
those toxins on the eye of the wearer. In addition, the
fatty acid ester is advantageously selective in preventing
or decreasing the release of bacterial toxins which may be
associated with ulcerative keratitis. In this manner,
ophthalmic lenses of this invention are capable of
preventing the deleterious effects of these toxins without
substantially affecting the normal flora of the tear fluid
and without the other possible side-effects from broad
spectrum antibiotics.



-4- init, or it has coated on its surface, an ester of a polyhydric
aliphatic alcohol and a fatty acid. The ester is present in an anount which
is effective to prevent or decrease the rel ease of bacterial toxins when
the lens is exposed to those toxins. The ester can be selected from any of

the foll owm ng groups: a) nonoesters of a polyhydric aliphatic
al cohol and a fatty acid contalnlng fromeight to eighteen
carbon atons and wherein said nDnester has® at | east one hydr oxyl

group associated with its phati c al cohol residue; bJ
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bacterial toxiHs i s exposed to those toxins on the eye of the
wearer. In addition, the fatty acid ester is advantageously selective in
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-~ of this invention are capabl e of

For the purpose of defining this invention, an
ophthalmic lens can be any lens which is designed for
placement on the anterior surface of the eye. The
preferred ophthalmic lens is a contact lens or a corneal
bandage lens. The most preferred lens is a contact lens,
particularly a soft hydrogel contact lens. The soft
hydrogel lens is the lens most commonly worn for extended
wear applications.

The preferred hydrogel contact lens is a synthetic
polymeric lens. Preferably, the polymer from which the
lens is derived is formed from polymerizing a monomer from
the class of hydroxy esters of acrylic acid or methacrylic
acid. The preferred monomer is hydroxyethylmethacrylate
(HEMA). _Advantageously, a crosslinking agent is added to
the monomer composition from which the polymeric lens is
derived to enhance the mechanical strength of the lens and
consequently its handling properties. Crosslinking agents
which can be used are polyfunctional monomers, such as
ethylene glycol dimethacrylate (EGDMA).

The lens can be lathe cut from a polymeric lens
blank, or it can be polymerized in a mold shaped in the
form of a lens, with or without the presence of an inert
diluent. 1In either case, the hydrogel lens is desirably



preventing the deleterious effects of these toxins w thout substantially
affecting the normal flora of the tear fluid and without the other possible
side-effects from broad spectrum anti bi oti cs.

#5- The ophthal mc | enses.of this invention can be used for any
application in which an ophthalmc lens is worn by a patient, but it is
especi ally adapted for extended wear applications, even when the |ens
remains in place on the eye during sleep.~ ©DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Fqr the ﬁgrpose of defining this jinventi n, opht hal mi c
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surface of theastyso wellithtprpéetend qplieal mc lens is a contact lens or
a corneal bandage | ens. The nost preferred lens is a contact |ens,

particularly a soft hydrogel contact |ens. The soft hydrogel lens is the
| ens nost commonl y iven ésteexiforedmpraygrayydngcathenxophthalmidhdens or

preferred hydragele ¢ontact LeBydce :8YY NebhSeDOLY ™S Cal&bier RYPTGhEEHY:
t he pol yner from Whi e
there is at least one unreacted hydroxyl group when the

polyhydric aliphatic alcohol is reacted with the fatty
acid.

The fatty acid preferably has from eight to eighteen
carbon atoms. The fatty acid portion of the
aforementioned monoesters and diesters may be derived from
caprylic, capric, lauric, myristic, palmitic and stearic
acids, which are saturated fatty acids whose chain
lengths, respectively, are Cg, Cjg, Cy2, Cj4s Cig, and Cjg.
The fatty acid portion of the aforementioned monoesters
and diesters may be derived as well from unsaturated fatty
acids having carbon chain lengths also ranging from Cg to

Cig, one example of such unsaturated fatty acids being
oleic acid. The preferred fatty acid for use in the
practice of the present invention is lauric acid, a

saturated fatty acid whose chemical formula is C; H~3COOH.

As used in this specification and the appended
claims, the term "aliphatic" has the meaning usually
accorded it in organic chemistry, i.e. "aliphatic" refers

to organic compounds characterized by straight - or
branched - chain arrangement of the constituent carbon
atoms.

As used in this specification and the appended
claims, the term "polyhydric" refers to the presence in a
chemical compound of at least two hydroxyl (OH) groups.



lens is derived is forned from pol ynerizing a nonomer fromthe class of
hydroxy esters of acrylic acid or nethacrylic acid. The preferred nononer

i S hydroxyet hyl net hacryl ate (HEMA). Advant ageously, a crosslinking agent is
added to the nmonomer conposition fromwhich the polymeric lens is derived
to enhance the nechanical strength of the |lens and consequently its
handl i ng properties. Crosslinking agents which can be used are

pol yfunctional nononers, such as ethylene dl ycol dinethacrylate (EGM).
The lens can be lathe cut froma polyneric lens blank, or it can be
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The ester for inpregnating the ophthalmc lens or coating its surface is a
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and/or diesters for use in the practice of the present
invention are 1,2-ethanediol; 1,2,3-propanetriol
(glycerol) H 1,3-propanediol; 1,4-butanediol; 1,2,4~-
butanetriol and the 1like. The preferred polyhydric
aliphatic alcohol for forming monesters and diesters for
use in the practice of the present invention is 1,2,3-
propanetriol (commonly called glycerol) whose formula is
HOCHZCH(OH)CHZOH.

The esters which are especially useful in the
practice of the present invention have at least one
hydroxyl group associated with their aliphatic alcohol
residue. Thus, it will be understood that the monoester
of 1,2-ethanediol and one of the aforementioned fatty
acids may be used in the practice of the present invention
because said ester, whose general formula is

CpHap 4 | ~C=0=CHA=CH~OH

A\
o)

has at least one hydroxyl group (i.e. the hydroxyl group
at the far right-hand side of the structural formula shown
above) in that portion of the ester derived from the
aliphatic alcohol 1,2-ethanediol. On the other hand, it
will be understood that it would be undesirable to use the
diester of 1,2-ethanediol and one of the aforementioned
fatty acids in the practice of the present invention
because the ester, whose general formula is.



The fatty acid preferably has fromeight to eighteen carbon
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fatty acid portion of the aforenenti oned nonoesters and di esters nmay
be derived fromcaprylic, capric, lauric, nyristic, palmtic and stearic
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The monoester of glycerol and one of the designated

fatty acids is desirably used in the practice of the
present invention because that ester will have two
hydroxyl groups associated therewith which are derived
from the glycerol. The diester of glycerol and one of the
designated fatty acids may also be used because that ester
will have one hydroxyl group associated therewith which is
derived from the aliphatic alcohol glycerol. Indeed,
blends of glyceryl monolaurate and glycerol dilaurate may
be useful in the practice of the present invention.

Preferred esters for use in the practice of the '
present invention are glyceryl monolaurate (GML), glyceryl
dilaurate and mixtures thereof.

Particularly preferred is glyceryl monolaurate sold
under the tradename "Monomuls 90 L-12" from Henkel
Corporation. This compound contains about 96% by weight
glyceryl monolaurate. Glyceryl monolaurate is a Generally
Recognized As Safe (GRAS) listed compound by the FDA for
use as a food emulsifier.

Other preferred esters for use in accordance with

this invention include monolaurate derivatives of C3

alkanols, such as 2-hydroxyl-1-propyl laurate and 3-



-7- Thus, a polyhydric aliphatic alcohol is one which has at |east two
Hydr oxyl groups and in which the carbon backbone is either straight or

br anched. Pol yhydri c al cohols suitable for form ng nonoesters and/ or
di esters for use in the practice of the present invention are

1, 2- et hanedi ol ; 1,2, 3-propanetriol (glycerol); 1, 3- propanedi ol ;

1, 4- but anedi ol ; 1,2,4- butanetriol and the Iike. The preferred
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af orementioned ¢4 have toxin-reducing activity, for example, polyethylene
glycol (200 MW) monolaurate, polyethylene glycol (400 MW)
monolaurate, polyethylene glycol (1000 MW) monolaurate,
and polypropylene glycol laurateé such as polypropylene
glycol monolaurate.

Other fatty acid esters which are believed to be
active against bacterial toxuins for the ophthalmic lenses
of this invention are: glyceryl monocaprylate, glyceryl
caprate, a mixture of glyceryl monocaprylate and glyceryl
caprate, glyceryl monomyristate, glyceryl monopalmitate,
glyceryl monostearate and glyceryl monooleate.

The lens can be impregnated with the fatty acid ester
using conventional methods. For example, the lens can be
immersed in a solvent which swells the lens and dissolves
the ester. The preferred solvents are volatile, short
chain alcoholic solutions, e.g. ethancl. The solution is
preferably a dilute agueous solution with the
concentration of the ester ranging from about 0.1 to about
10 weight percent, but preferably around 1 weight percent.
The lens is left in the aqueous alcoholic solution for a
time sufficient for the ester and the solvent to penetrate
and swell the lens, and subsequently allow for the lens to
equilibrate. Typically, this period of time can range
between 2 to 3 hours. Afterwards, the lens is removed



fatty.acids in the practice of the present invention because the ester,
whose general formula is - 8- [err]

does not have at | east one hydroxyl group in that portion of the ester
derived fromthe 1, 2-ethanediol. These diesters and ot her esters which do
not have an hydroxyl group on their alcohol residue have not been found to
possess a desired degree or antibacterial activity. The nonoester of
gl ycerol and one of the designated fatty-adils is desirably used in the
practice of the present invention because that ester will have two hydroxyl
groups associ atfaP® h&dMtienmhi dRdar Ehger $Qé¥eptont Eher Gr9¥edol by THeimply

di ester of gl yecerdw eNe Déns heodgsiyonat adf.atty acids may al so be used
because that ester will have one hydroxyl group associated therewith which

is derived fromthe aliphatic al cohol glycerol. Indeed, blends of glyceryl

nonol aurate and gl ycaIvérfatbvedy e nejiebe 1easf ulcan tbe pliaptieghated hepy
present Invent'é%&rring the lens for at 1least several minutes in a

suspension of molten ester in water or buffered saline.

It is also possible to coat the surface of the lens
with the fatty acid ester. This may be particularly
desirable when the lenéq is a hard 1lens or a soft.
hydrophobic lens. The coating of the outer surfaces of
these 1lenses can be accomplished using conventional
methods, such as by spraying, dipping or coating with a
roller.

The amount of fatty acid ester which is effective to
prevent or decrease production of bacterial toxins will
depend on numerous factors, such as the specific toxin
targeted and the extent of an existing infection, if any.
This amount can be readily determined empirically. For
most instances, and particularly when it is desired to
prevent or decrease the production of bacterial toxins
which may cause the ulceration and scarring associated
with keratitis, the amount of ester impregnated in the
lens or coated on its surface should range from about 0.05
to about 5.0 percent of the weight of the lens. If the
amount of ester were less than about 0.05 weight percent,
then the desired prevention or decrease of the bacterial
toxins produced may not occur. If the amount of ester
were greater than about 5.0 weight percent, then the fatty
acid ester may interfere with the optical characteristics
of the lens, or the ester may undesirably crystallize in
the eye or in its package. Preferably, the amount of



Preferred esters for use in the practice of the present invention are

gl yceryl nonolaurate (GW), glyceryl dilaurate and m xtures thereof.
Particularly preferred is glyceryl nonolaurate sold under the tradenane
"Mononul s 90 L-12" from Henkel Corporation. This conpound contains about
96% by wei ght gl yceryl nonol aurate. G yceryl nonolaurate is a Cenerally
Recogni zed As Safe (GRAS) |isted conmpound by the FDA for use as a food

enul sifier. QO her preferred esters fdr ~use in accordance with this

i nvention include nonol aurate derivatives of C3 al kanols, such as

2- hydr oxyl - | - pEepfly lasidatestard i between about 0.5 to about 1.0 weight 9.

hydroxy-l-proppgrbg“kgte. Dl aurate derivatives of C3 al kanols such as
glycerol -1, 3-dilaurate, glycerol-1,2- dilaurate are al so expected to reduce
t he amount of bacterial toxins produced. Ethylene glycol derivatives such

as ethylene glycolnun@isaWddi&idifal VEhbod BfeReLY8FBY WA iH WY scope
| aurates, e.g., diethylene glxcol nonol aur at e Sng trieth Ifne al col
monol aur at e ar@fmﬁﬁf xPR¥E B P8, b&NGcMate. FERSL Vnﬁﬁﬂ@%% izgfo by dhose
expected to haggill@Qed -iredmis\GrEct | ViHe/ , £d DIlowkagperampllesctand ditended
merely to illustrate the preferred embodiments of this
invention, and are not intended to represent all of the
embodiments within the scope of the appended claims.

EXAMPLES
SAMPLE PREPARATION

105 Acuvue® contact lenses are placed into a solution
of 1.0 gram of glyceryl monolaurate (GML) in 100 grams of
reagent grade ethanol. After soaking for 16 hours the
lenses are removed with a swab and placed on ‘a silicone
rubber sheet to air dry for 6 hours. Control lenses were
immersed in reagent grade ethanol without GML and
similarly dried. An additional set of control lenses were
made by immersing ACUVUE lenses in isopropyl alcohol (IPA)
and drying.

EXAMPLE 1

Sterile disposable centrifuge tubes containing 1.0 ml
of sterile protein enriched Brain Heart Infusion Broth
(BHI) had either a contact lens untreated or GML-treated
or no lens at all (control). A 24 hour culture of TSST-1
producing S. aureus (FRI-1169) was grown in BHI broth with
static conditions at 37°C at which time an inocula of 108
CFU were added to each vesicle. The tubes were incubated

with static conditions at 37°C. After 24 hours the tubes
were analyzed for both «cell wviability and toxin



glycol (200 MAN nonol aurate, polyethylene glycol (400 MN nonol aurate,

pol yet hyl ene glycol (1000 MAN nonol aurate, and pol ypropyl ene gl ycol

| aurat es such as pol ypropyl ene gl ycol nonol aurat e. QO her fatty acid
gsters which are believed to be active against bacterial toxins for the
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nmononyri state, glyceryl nonopal mtate, gl yceryl nonost earate and gl yceryl
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sol vent whi ch sERFymet fdnkeds EMEUHPss?ﬁ@%% t IS er methed preportad by

solvents are vogedisér étborél Chal Bpp16eolan %N\Aitﬂdaﬂfen@aﬂ mféf@m?bloape
solution is preferabl dilute tion W th th

concentration o‘?e‘f?f%bégtje?a?arﬁﬁﬂgl?ﬁ%ﬂ%%%%ﬂhbli ‘fba%%u?e&b V\BPQEF were

percent, but predéesomiyedr esifglconiveht ipeade Bourl iFlde@stéshhetiuelsn t he

aqueous al coholic solution for a tinme sufficient for the ester and the

solvent to penetrate and swell the |lens, and subsequently allow for the

lens to equilibrate.Théypesalty,of rﬁrsi$)eer>tp)drnﬁentnaerea;mreaegteheﬁneeabiet 0

?’ 28“53' Afte{yvar,lq.§e &J{:ea lsel\'{’b%l 't%arte%e%ontained within contact lenses
was effective in reducing TSST-1 formation by 99%.



fromsolution, and the solvent is removed by sinply allowing the lens to

dry in air. Alternatively, the I ens can be inpregnated by stirring
the.lens for at |east several mnutes in a suspension of nolten ester in
wat er or buffered saline. It is also possible to coat the surface of
the lens with the fatty acid ester. TBBs nay be particularly desirable

when the lens is a hard lens or a soft hydrophobic |ens. The coating of the
outer surfaces of these | enses can be acconplished . using conventi onal

met hods, such as by spraying, dipping or coating with a roller. The
anount of fatty acid ester which is effective to prevent or decrease
production of bacterial toxins wll QWend on nunerous factors, such as the

specific toxin targeted and the exteniqof_an existing |nfect|on i f any.
Thi s anpbunt can be readily determ ned npgrlcaﬂly Fdr nost i nstanges, and
particularly when it is desired to pr&ent or decrease the production of
bacterial toxins which may cause the ceration and scarring associated
with keratitis, the amount of ester inpregnated in the |lens or coated on
its surface should range from about 0.05 to about 5.0 percent of the weight
of the lens. |If the anmount of ester were | ess than about 0.05 weight
percent, then the desired prevention or decrease of the bacterial toxins
produced nmay not occur. |If the anbunt of ester were greater than about 5.0
wei ght percent, then the fatty acid ester may interfere with the opti cal
characteristics of thenlens, or the ester may undesirably crystallize in

the eye or inits pacl@ge. Pr ef erﬂ)l—-g( 1he aﬁbunt 0{3 Py o
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fatty acid ester is between about 0.5 to about 1.0 wei ght percent.

Nunmer ous additional enbodi nents are within the scope of this invention, and
may readily be realized by those skilled in this art. The foll ow ng
gxanples are intended nerely to illustrate the preferred enbodi nents of
this invention, and are not intended to represent all of the enbodi nents
within the scope of the appended cl ai ns. EXAVPLES
SAMPLE PREPARATI ON 105 Acuvue[err] Ybrtact | enses are pl aced into a

solution of 1.0 gram of glyceryl nonol ( ) in 100 grans of reagent
grade et hanol . After soaking for 16 | enses are renoved with a
swab and placed on a silicone rubber sheet to air dry for 6 hours. Control

riod: A addi 1 onalt bt L6 he AR LR FeREr REptl £tes SonBRiothY Achut
| enses in i sopbmEtenl tohBHI (bPAfhahdddejthgr a contact lens (untreated
EXAMPLE 1 or GML-treated) added to the medium or no lens at all
(control) in quadruplicate. A 24 hour culture of exotoxin
A producing S. aureus (FRI 100) was inoculated into BHI
broth with static concentrations at 37°C at which time 108

CFU were added to each vesicle. The tubes were incubated
with static conditions at 37°C. After 24 hours, the tubes
were analyzed for both cell viability and exotoxin
production. Enterotoxin A concentrations were determined
using ELISA while cell viability was determined using the
conventional pour plate technique.

The results in Table 2 show a 99% reduction in
Enterotoxin A produced in the presence of GML-containing
contact lenses.



Sterile disposable centrifuge tubes containing 1.0 nl of sterile protein
eénriched Brain Heart Infusion Broth (BH') had either a contact |ens
untreated or GVL-treated or no lens at all (control). A 24 hour culture of
TSST-1 producing S. aureus (FRI-1169) wad5grown in BH broth with static
conditions at 37[err]C at which tine an inocula of 10[err] CFU were added
to each vesicle. The tubes re incubated with static conditions at
37[err]C. After 24 hours the ftubes were analyzed for both cell
viability and toxin Z -12 -

producti on. TSST-1 concelrations were determ ned by Enzyme Linked

| mmuno 25624 (ELI SA) net hodﬁ: ported by Resiser et. al. in Applied and

Envi ronnental M crobi ol ogy, cenber 1982, pp. 1349-1355 whil e viable cell
counts were determ ned usi nch,onventi onal pour plate techniques. The
results of this experinent cb%r esentled in Table 1. The dat a3show t hat GWL

contai ned within contact | eSS was effective in reducing TSST-1 fornation
by 99%
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13 [err] - 14 -

EXAVPLE 2 Sterile disposable centrifuge tubes containing 1.0 m of
sterile BH broth had either a contact |lens (untreated or GVL-treated)
dadded to the mediumor no lens at all (control) in quadruplicate. A 24 hour
culture of exotoxin A producing S. aureus (FRI 100) was inocul ated into BH
broth with static concentrations at 37[errgg at which tine 10[err] CFU
were added to each vesicle. The tubes weré~incubated with static

conditions at 37[err]C. After 24 hourst§$§§%ég$§s wer e anal yzed for both
cell viability and exotoxin production. xin A concentrations were
determ ned using ELISA while cell viability was determ ned using the

convent  onal -pour plciiet16¢ Msiapie centlifrdes Wiliied el en ingholh ,99%

reduction in Enterotoxin A pro In resence o cont ail
of sterile BHI broth had elther a contact lens (untreated

or GML-treated) added to all (control). A 24 hour culture
of enterotoxin B producing S. aureus (MnHoch) was grown in
BHI broth with static conditions at 37°C at which time 10%

CFU were added to each vesicle. The tubes were incubated
with static conditions at 37°C. After 24 hours, the tubes
were analyzed for both cell viability and exotoxin
production. Enterotoxin B concentrations were determined
using ELISA while cell viability was determined using the
conventional pour plate technique.

The results in Table 3 show a 99% reduction in
Enterotoxin B produced in the presence of GML-containing
contact lenses.



contact |enses. 15 [err]

EXAMPLE 3 Sterile disposable centrifuge
tubes containing 1.0 m of sterile BH

broth had either a contact |ens
(untreated or GVL-treated) added to al

(control). A 24 hour culture of
enterotoxin B producing S. aureus (MHoch) was grown in BH " broth with

static conditions at 37[err]C at which tibk®e 10[err] CFU were'added to each
vesi cle. The tubes were in ated with static conditions at 37[err]C. After
24 hours, the tubes were ang yzed for both cel

2

- 16

viability and exotoxin
production. Enterotoxin B

centrations were determ ned using ELISA while
cell viability was determ

usi ng the conventional pour plate technique.
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The results in Table 3 show a 99% reduction in Enterotoxin B produced in
the presence of GML-containing contact |enses. 17 Jerr]
EXAMPLE 4 Sterile disposable centrifuge tubes containing 1.0 m of
sterile BH broth had either a contact lens (untreated or GVL-treated)
added to the nediumor no lens at all (control) in quadruplicate. A
hour culture of enterotoxin C producing S. aureus (MDon) was grown in
BH broth with static conditions at 37[eTr}%.'After 24 hours, the tubes
were analyzed for both cell Vlablgiﬂﬁpfgmh

Sterile disposable centrifuge tubes containing 1.0 ml
of sterile BHI broth had either a contact lens (untreated
or GML-treated) added to the medium or no lens at all
(control) in quadruplicate. A 24 hour culture of
enterotoxin C producing S. aureus (MnDon) was grown in BHI
broth with static conditions at 37°C. After 24 hours, the
tubes wefe analyzed for both «cell viability and
enterotoxin production. Enterotoxin C concentrations were
determined using ELISA while cell viability was determined
using the conventional pour plate technique.

The results in Table 4 show a 99% reduction in

Enterotoxin C produced in the presence of a GML-containing
contact lens.

24



enterotoxin production. Enterotoxin C concentrations were determ ned using
ELI SA while cell viability was determnm ned using the conventional pour plate

t echni que. The results:in Table 4 show a 99% reduction in
Enterotoxin C produced in the, presence of 18 GWL.-contai ning contact |ens.

19 Jerr] s - 20 - IN THE CLAI MS: 1. An
ophthal mc lens for pl acemer@!on the anterior surface of the eye, said | ens
havi ng i npregnated therein, B coated on the surface thereof, an ester of a

pol yhydric aliphatic al coholgsnd a fatty acid, said ester being present in
an amount which is effectiv Q_prevent or decrease the release of

bacterial toxins when said |GysRis ; ! ; R
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exposed to said toxins, and said ester being selected fromthe group

consi sting of: a) nonoesters of a polyhydric aliphatic al cohol and
a fatty acid containing fromeight to ei ghteen carbon atons and

wherein said nonester has at | east one hydroxyl group associ ated
wthits al i phatic al cohol residue; b) diesters of a

pol yhydric aliphatic al cohol and a fatty acid containing from

ei ght to ei ghteen carbon at 3n8%d wherein said diester has at

| east one hydroxyl ro%P associated with its al i phatic al coho

resi due; anéﬂ—EL——éi%l—iﬂxtures of said npbnoesters and di esters. 2. The

|l ens of claim1l wherein the lens is a contact |ens or a corneal bandage

| ens. 3. The |l ens of .¢laiim.2 erein.the Lens is.,a contact lens. . 4. The

| ens of clailm 3 &Hbr eph TH$ht 8{‘S|$%fi?1&°§m“%yaf‘og CcSHE R 1 P%ns.
surface of the eye, said lens having impregnated therein,
or coated on the surface thereof, an ester of a polyhydric
aliphatic alcohol and a fatty acid, said ester being
present in an amount which is effective to prevent or
decrease the release of bacterial toxins when said lens is
exposed to said toxins, and said ester being selected from
the group consisting of:

a) monoesters of a polyhydric aliphatic alcohol and
a fatty acid containing from eight to eighteen
carbon atoms and wherein said monester has at
least one hydroxyl group associated with its
aliphatic alcohol residue;

b) diesters of a polyhydric aliphatic alcochol and
a fatty acid containing from eight to eighteen
carbon atoms and wherein said diester has at
least one hydroxyl group associated with its
aliphatic alcohol residue; and

c) mixtures of said monoesters and diesters.

2. The lens of claim 1 wherein the lens is a contact lens
or a corneal bandage lens.

3. The lens of claim 2 wherein the lens is a contact
lens.:

4. The lens of claim 3 wherein the contact lens is a soft
hydrogel contact lens.
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- 21 - 5. The lens of claim4 wherein the Iens is inpregnated with said

ester. 6. The lens of claim5 wherein said ester is present in an anount
bet ween about 0.05 and about 5.0 percent of the weight of said |ens. 7.
The lens of claim6 wherein said ester is present in an anount between
about 0.5 and about 1.0 wei ght percent. 8. The lens of claim7 wherein
said fatty acid is lauric acid. 9. The lens of claim8 wherein said

pol yhydric al cohol is glycerol. 10. The- eds of claim9 wherein said
ester is glycer¥ nmonol aur at e. 11. The lens of claim7 wherein said ester
conprises a mixture Vi gl§REr PE kol mut avbeard nglheer engi lisurinrregnated

The | ens of cl awith Wadlieidstear d ester is glyceryl nonocapryl ate. 13. The
|l ens of claim7 wherein said ester is glyceryl

6. The lens of claim 5 wherein said ester is present in
an amount between about 0.05 and about 5.0 percent of the
weight of said lens.

7. The lens of claim 6 wherein said ester is present in
an amount between about 0.5 and about 1.0 weight percent.

8. The lens of claim 7 wherein said fatty acid is lauric
acid.

9. The lens of claim 8 whefein said polyhydric alcohol is
glycerol.

10. The lens of claim 9 wherein said ester is glyceryl
monolaurate.

11. The lens of claim 7 wherein said ester comprises a
mixture of glyceryl monolaurate and glyceryl dilaurate.

12. The lens of claim 7 wherein said ester is glyceryl
monocaprylate.

13. The lens of claim 7 wherein said ester is glyceryl
caprate.

14. The lens of claim 7 wherein said ester comprises a
mixture of glyceryl monocaprylate and glyceryl caprate.

15. The lens of claim 7 wherein said ester is glyceryl
monomyristate.

R R L



caprate. 14. The lens of claim7 wherein said ester conprises a mxture

of glyceryl nonocaprylate and gl yceryl caprate. 15. The lens of claim7
wherein said ester is glyceryl nononyristate.

- 22 - 16. The lens of claim7 wherein said ester is glyceryl

nmonopal m t at e. 17. The lens of claim7 wherein said ester is glyceryl
nonost ear at e. 18. The lens of claim7 wherein said ester is glyceryl
nonool eat e. =~ 22 -

16. The lens of claim 7 wherein said ester is glyceryl
monopalmitate.

17. The lens of claim 7 wherein said ester is glyceryl
monostearate.

18. The lens of claim 7 wherein said ester is glyceryl
monooleate.
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