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FORMULATION AND METHOD FOR ADMINISTRATION OF

OPHTHALMOLOGICALLY ACTIVE AGENTS

TECHNICAL FIELD
[0001] This invention relates generally to the treatment of disorders, diseases, and other adverse

medical conditions, including the adverse ocular conditions disorders often associated with aging.

BACKGROUND ART

[0002] Progressive, age-related changes of the eye, including normal as well as pathological
changes, have always been an unwelcome but inevitable part of extended life in humans and other
mammals. Many of these changes seriously affect both the function and the cosmetic appearance of
the eyes. These changes include: development of cataracts; hardening, opacification, reduction of
pliability, and yellowing of the lens; yellowing and opacification of the cornea; presbyopia; clogging
of the trabeculum, leading to intraocular pressure build-up and glaucoma; increased floaters in the
vitreous humor; stiffening and reduction of the dilation range of the iris; age-related macular
degeneration (AMD); formation of atherosclerotic deposits in retinal arteries; dry eye syndrome; and
decreased sensitivity and light level adaptation ability of the rods and cones of the retina. Age-related
vision deterioration includes loss in visual acuity, visual contrast, color and depth perception, lens
accommodation, light sensitivity, and dark adaptation. Age-related changes also include changes in
the color appearance of the iris, and formation of arcus senilis. The invention is, in large part,
directed toward a formulation and method for preventing and treating a multiplicity of age-related
ocular disorders and diseases.

[0003] All parts of the eye, including the cornea, sclera, trabeculum, iris, lens, vitreous humor,
and retina are affected by the aging process, as explained below.

The Cornea:

[0004] The cornea is the eye's outermost layer. It is the clear, dome-shaped surface that covers
the front of the eye. The cornea is composed of five layers. The epithelium is a layer of cells that
forms the surface. It is only about 5-6 cell layers thick and quickly regenerates when the cornea is
injured. If an injury penetrates more deeply into the cornea, scarring may occur and leave opaque
areas, causing the cornea to lose its clarity and luster. Immediately below the epithelium is Bowman's
membrane, a protective layer that is very tough and difficult to penetrate. The stroma, the thickest
layer of the cornea, lies just beneath Bowman's membrane and is composed of tiny collagen fibrils

aligned in parallel, an arrangement that provides the cornea with its clarity. Descemet's membrane
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underlies the stroma and is just above the innermost corneal layer, the endothelium. The endothelium
is just one cell layer in thickness, and serves to pump water from the cornea to the aqueous, keeping it
clear. If damaged or diseased, these cells will not regenerate.

[0005] As the eye ages, the cornea can become more opaque. Opacification can take many
forms. The most common form of opacification affects the periphery of the cornea, and is termed
"arcus senilis," or "arcus." This type of opacification initially involves deposition of lipids into
Descemet’s membrane. Subsequently, lipids deposit into Bowman’s membrane and possibly into the
stroma as well. Arcus senilis is usually not visually significant, but is a cosmetically noticeable sign
of aging. There are other age related corneal opacifications, however, which may have some visual
consequences. These include central cloudy dystrophy of Francois, which affects the middle layers of
the stroma, and posterior crocodile shagreen, which is central opacification of the posterior stroma.
Opacification, by scattering light, results in progressive reduction of visual contrast and visual acuity.
[0006] Opacification of the cornea develops as a result of a number of factors, including, by way
of example: degeneration of corneal structure; cross-linking of collagen and other proteins by
metalloproteinases; ultraviolet (UV) light damage; oxidation damage; and buildup of substances like
calcium salts, protein waste, and excess lipids.

[0007] There is no established treatment for slowing or reversing corneal changes other than
surgical intervention. For example, opaque structures can be scraped away with a blunt instrument
after first removing the epithelium, followed by smoothing and sculpting the corneal surface with a
laser beam. In severe cases of corneal scarring and opacification, corneal transplantation has been the
only effective approach.

[0008] Another common ocular disorder that adversely affects the cornea as well as other
structures within the eye is keratoconjunctivitis sicca, commonly referred to as "dry eye syndrome" or
"dry eye." Dry eye can result from a host of causes, and is frequently a problem for older people. The
disorder is associated with a scratchy sensation, excessive secretion of mucus, a burning sensation,
increased sensitivity to light, and pain. Dry eye is currently treated with "artificial tears," a
comumercially available product containing a lubricant such as low molecular weight polyethylene
glycol. Surgical treatment, also, is not uncommon, and usually involves insertion of a punctal plug so
that lacrimal secretions are retained in the eye. However, both types of treatment are problematic:
surgical treatment is invasive and potentially risky, while artifical tear products provide only very

temporary and often inadequate relief.

The sclera:
[0009] The sclera is the white of the eye. In younger individuals, the sclera has a bluish tinge,
but as people grow older, the sclera yellows as a result of age-related changes in the conjunctiva.

Over time, UV and dust exposure may result in changes in the conjunctival tissue, leading to
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pingecula and pterygium formation. These ocular growths can further cause breakdown of scleral and
corneal tissue. Currently, surgery, including conjunctival transplantation, is the only accepted

treatment for pingeculae and pterygia.

The trabeculum:

[00010]  The trabeculum, also referred to as the trabecular meshwork, is a mesh-like structure
located at the iris-sclera junction in the anterior chamber of the eye. The trabeculum serves to filter
aqueous fluid and control its flow from the anterior chamber into the canal of Schlemm. As the eye
ages, debris and protein-lipid waste may build up and clog the trabeculum, a problem that results in
increased pressure within the eye, which in turn can lead to glaucoma and damage to the retina, optic
nerve, and other structures of the eye. Glaucoma drugs can help reduce this pressure, and surgery can
create an artificial opening to bypass the trabeculum and reestablish flow of liquid out of the vitreous
and aqueous humor. There is, however, no known method for preventing a build-up of debris and

protein-lipid waste within the trabeculum.

The iris and pupil:

[00011]  With age, dilation and constriction of the iris in response to changes in illumination
become slower, and its range of motion decreases. Also, the pupil becomes progressively smaller
with age, severely restricting the amount of light entering the eye, especially under low light
conditions. The narrowing pupil and the stiffening, slower adaptation, and constriction of the iris over
time are largely responsible for the difficulty the aged have in seeing at night and adapting to changes
in illumination. The changes in iris shape, stiffness, and adaptability are generally thought to come
from fibrosis and cross-linking between structural proteins. Deposits of protein and lipid wastes on
the iris over time may also lighten its coloration. Both the light-colored deposits on the iris, and
narrowing of the pupil, are very noticeable cosmetic markers of age that may have social implications
for individuals. There is no standard treatment for any of these changes, or for changes in iris

coloration with age.

The Lens:

[00012] With age, the lens yellows, becomes harder, stiffer, and less pliable, and can opacify
either diffusely or in specific locations. Thus, the lens passes less light, which reduces visual contrast
and acuity. Yellowing also affects color perception. Stiffening of the lens as well as the inability of
the muscle to accommodate the lens results in a condition generally known as presbyopia.

Presbyopia, almost always occurring after middle age, is the inability of an eye to focus correctly.
This age-related ocular pathology manifests itself in a loss of accommodative ability, i.e., the capacity

of the eye, through the lens, to focus on near or far objects by changing the shape of the lens to
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become more spherical (or convex). Both myopic and hyperopic individuals are subject to
presbyopia. The age-related loss of accommodative amplitude is progressive, and presbyopia is
perhaps the most prevalent of all ocular afflictions, ultimately affecting virtually all individuals during
the normal human life span.

[00013]  These changes in the lens are thought to be due to degenerative changes in the structure of
the lens, including glycated crosslinks between collagen fibers, buildup of protein complexes,
ultraviolet light degradation of structures, oxidation damage, and deposits of waste proteins, lipids,
and calcium salts. Elastic and viscous properties of the lens are dependent on properties of the fiber
membranes and cytoskeleton crystallins. The lens fiber membranes are characterized by an extremely
high cholesterol to phospholipid ratio. Any changes in these components affect the deformability of
the lens membrane. The loss of lens deformability has also been attributed to increased binding of
lens proteins to the cell membranes.

[00014] Compensatory options to alleviate presbyopia currently include bifocal reading glasses
and/or contact lenses, monovision intraocular lenses (IOLs) and/or contact lenses, multifocal IOLs,
monovision and anisometropic corneal refractive surgical procedures using radial keratotomy (RK),
photorefractive keratomileusis (PRK), and laser-assisted in situ keratomileusis (LASIK). No
universally accepted treatments or cures are currently available for presbyopia.

" [00015] Opacity of the lens results in an abnormal condition generally known as cataracts.
Cataract formation is a progressive ocular disease, which subsequently leads to lower vision. Most of
this ocular disease is age-related senile cataract. The incidence of cataract formation is thought to be
60-70% in persons in their sixties and nearly 100% in persons eighty years or older. However, at the
present time, there is no agent that has been clearly proven to inhibit the development of cataracts.
Therefore, the development of an effective therapeutic agent has been desired. Presently, the
treatment of cataracts depends upon the correction of vision using eyeglasses, contact lenses, or
surgical operations such as insertion of an intra-ocular lens into the capsula lentis after extra-capsular
cataract extraction.

[00016]  In cataract sufgery, the incidence of secondary cataract after surgery has been a problem. B
Secondary cataract is equated with opacity present on the surface of the remaining posterior capsule
following extracapsular cataract extraction. The mechanism of secondary cataract is mainly as
follows. After excising lens epithelial cells (anterior capsule), secondary cataract results from
migration and prolifgration of residual lens epithelial cells, which are not completely removed at the
time of extraction of the lens cortex, onto the posterior capsule leading to posterior capsule
opacification. In cataract surgery, it is impossible to remove lens epithelial cells completely, and
consequently it is difficult to always prevent secondary cataract. It is said that the incidence of the
above posterior capsule opacification is 40-50% in eyes that do not receive an intracapsular posterior

chamber lens implant and 7-20% in eyes which do receive an intracapsular lens implant.
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Additionally, eye infections categorized as endophthalmitis have also been observed after cataract

surgeries.

The vitreous humor:
[00017]  Floaters are debris particles that interfere with clear vision by projecting shadows on the

retina. There currently is no standard treatment for reducing or eliminating floaters.

The retina:

[00018] A number of changes can occur in the retina with age. Atherosclerotic buildup and
leakage in the retinal arteries can lead to macular degeneration as well as reduction of peripheral
vision. The rods and cones can become less sensitive over time as they replenish their pigments more
slowly. Progressively, all these effects can reduce vision, ultimately leading to partial or complete
blindness. Retinal diseases such as age-related macular degeneration have been hard to cure. Current
retinal treatments include laser surgery to stop the leaking of blood vessels in the eye.

[00019] As alluded to above, current therapeutic attempts to address many ocular disorders and
diseases, including aging-related ocular problems, often involve surgical intervention. Surgical
procedures are, of course, invasive, and, furthermore, often do not achieve the desired therapeutic
goal. Additionally, surgery can be very expensive and may result in significant undesired after-
effects. For example, secondary cataracts may develop after cataract surgery and infections may set
in. Endophthalmitis has also been observed after cataract surgery. In addition, advanced surgical
techniques are not universally available, because they require a very well developed medical
infrastructure. Therefore, it would be of significant advantage to provide straightforward and
effective pharmacological therapies that obviate the need for surgery.

[00020] There have been products proposed to address specific, individual aging-related ocular
conditions. For example, artificial tears and herbal formulations such as Simalasan eyedrops have
been suggested for treating dry eye syndrome, and other eyedrops are available to reduce intraocular
pressure, alleviate discomfort, promote healing after inj u?’y, reduce inflammation, and prevent
infections. However, self-administration of multiple products several times a day is inconvenient,
potentially results in poor patient compliance (in turn reducing overall efficacy), and can involve
detrimental interaction of formulation components. For example, the common preservative
benzalkonium chloride may react with other desirable components such as ethylenediamine tetraacetic
acid (EDTA). Accordingly, there is a need in the art for a comprehensive pharmaceutical formulation
that can prevent, arrest, and/or reverse a multiplicity of aging-related vision problems and the
associated ocular disorders.

[00021] To date, such a formulation has not been provided, in large part because complex, multi-

component pharmaceutical products are often problematic for formulators and manufacturers.
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Problems can arise, for example, from combining agents having different solubility profiles and/or
membrane transport rates. With respect to the latter consideration, transport facilitators, also termed
"permeation enhancers," often need to be incorporated into ophthalmic formulations, and must be
pharmaceutically acceptable, have no effect on formulation stability, and be inert to and compatible
with other components of the formulation and the physiological structures with which the formulation
will come into contact,

[00022] Many adverse ocular conditions are associated with the formation, presence, and/or
growth of macromolecular aggregates in the eye. Indeed, many pathologies result from or are
associated with the deposition and/or aggregation of proteins, other peptidy! species, lipoproteins,
lipids, polynucleotides, and other macromolecules throughout the body. For example, Advanced
Glycation Endproducts (also termed AGEs) are formed by the binding of glucose or other reducing
sugars to proteins, lipoproteins and DNA by a process known as non-enzymatic glycation, followed
by cross-linking. These cross-linked macromolecules stiffen connective tissue and lead to tissue
damage in the kidney, retina, vascular wall and nerves. AGEs have, in fact, been implicated in the
pathogenesis of a variety of debilitating diseases such as diabetes, atherosclerosis, Alzheimer's and
rheumatoid arthritis, as well as in the normal aging process. Peptidyl deposits are also associated with
Alzheimer's disease, sickle cell anemia, multiple myeloma, and prion diseases. Lipids, particularly
sterols and sterol esters, represent an additional class of biomolecules that form pathogenic deposits in
vivo, including atherosclerotic plaque, gallstones, and the like. To date, there has been no single

formulation identified capable of treating a plurality of such disorders.

DISCLOSURE OF THE INVENTION

[00023] The present invention is directed to the aforementioned need in the art, and, in one
embodiment, provides a method for treating an adverse ocular condition by administering to the eye
of a patient in need of such treatment a therapeutically effective amount of an ophthalmic formulation
that comp_rjses:

[00024] (a) a therapeutically effective amount of an ophthalmologically active agent;

[00025] (b) a noncytotoxic sequestrant of metal cations;

[00026] (c) a transport enhancer having the structure of formula (I)

OB R'—Q—R?

wherein Q is S or P, and R" and R? are independently selected from C;-Cg alkyl, C;-C¢ heteroalkyl,
Ce-Ci4 aralkyl, and C,-Cy; heteroaralkyl; and
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[00027] (d) a pharmaceutically acceptable vehicle.
[00028]  The adverse ocular conditions include, by way of example, conditions, diseases, or
disorders of the cornea, retina, lens, sclera, and anterior and posterior segments of the eye. An
adverse ocular condition as that term is used herein may be a "normal" condition that is frequently
seen in aging individuals (e.g., decreased visual acuity and contrast sensitivity) or a pathologic
condition that may or may not be associated with the aging process. The latter adverse ocular
conditions include a wide variety of ocular disorders and diseases. Aging-related ocular problems that
can be prevented and/or treated using the present formulations include, without limitation,
opacification (both corneal and lens opacification), cataract formation (including secondary cataract
formation) and other problems associated with deposition of lipids, visual acuity impairment,
decreased contrast sensitivity, photophobia, glare, dry eye, loss of night vision, narrowing of the
pupil, presbyopia, age-related macular degeneration, elevated intraocular pressure, glaucoma, and
arcus senilis. By "aging-related" is meant a condition that is generally recognized as occurring far
more frequently in older patients, but that may and occasionally does occur in younger people. The
formulations can also be used in the treatment of ocular surface growths such as pingueculae and
pterygia, which are typically caused by dust, wind, or ultraviolet light, but may also be symptoms of
degenerative diseases associated with the aging eye. Another adverse condition that is generally not
viewed as aging-related but which can be treated using the present formulation includes keratoconus.
It should also be emphasized that the present formulation can be advantageously employed to improve
visual acuity, in general, in any mammalian individual. That is, ocular administration of the
formulation can improve visual acuity and contrast sensitivity as well as color and depth perception
regardless of the patient's age or the presence of any adverse ocular conditions.
[00029] In another embodiment, a pharmaceutical formulation is provided that comprises:
[00030] (a) a therapeutically effective amount of an ophthalmologically active agent;
[00031] (b) a noncytotoxic sequestrant of metal cations;
[00032]  (c) a transport enhancer having the structure of formula (I)

@)
@ R1—g-—R2

0

wherein Q is S or P, and R! and R? are independently selected from C,-Cs alkyl, C;-C; heteroalkyl,
Cs-Cy4 aralkyl, and C,-Cy; heteroaralkyl; and

[00033] (d) a pharmaceutically acceptable vehicle.

[00034] The ophthalmic formulations of the invention may be administered in any form suitable
for ocular drug administration, e.g., as a solution, suspension, ointment, gel, liposomal dispersion,

colloidal microparticle suspension, or the like, or in an ocular insert, e.g., in an optionally
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biodegradable controlled release polymeric matrix. Significantly, at least one component of the
formulation, and preferably two or more formulation components, are "multifunctional” in that they
are useful in preventing or treating multiple conditions and disorders, or have more than one
mechanism of action, or both. Accordingly, the present formulations eliminate a significant problem
in the art, namely, cross-reaction between different formulation types and/or active agents when
multiple formulations are used to treat a patient with multiple ocular disorders. Additionally, in a
preferred embodiment, the formulation is entirely composed of components that are naturally
occurring and/or as GRAS ("Generally Regarded as Safe") by the U.S. Food and Drug
Administration.

[00035]  The invention also pertains to ocular inserts for the controlled release of a noncytotoxic
sequestrant as noted above, e.g., EDTA, and/or a charge-masking agent such as
methylsulfonylmethane. The insert may be a gradually but completely soluble implant, such as may
be made by incorporating swellable, hydrogel-forming polymers into an aqueous liquid formulation,
The insert may also be insoluble, in which case the agent or agents are released from an internal
reservoir through an outer membrane via diffusion or 0SMOosis.

[00036]  The invention also pertains to the use of methysulfonylmethane as a transport enhancer
(i.e., a "permeation enhancer") for the delivery of ophthalmologically active agents. A sterile
ophthalmic formulation is provided for the treatment of an ophthalmic condition comprising
methylsulfonylmethane and a therapeutically effective amount of a pharmacologically active agent,
i.e., an ophthalmologically active agent, in a pharmaceutically acceptable carrier. In a variation on
this embodiment, methylsulfonylmethane can be administered to the eye in the absence of an added

ophthalmologically active agent.

BRIEF DESCRIPTION OF THE FIGURES )
[00037]  FIGS. 1A, 1B, 2A, and 2B are photographs of the eyes of a 46-year-old male subject prior
to treatment (OD - FIG. 1A; OS-FIG. 2A) and after (OS - FIG. 1B; and OS-FIG. 2B) receiving eight
weeks of treatment with an eye drop formulation of the invention, as described in Example 5.
[00038]  FIGS. 3A, 3B, 4A, and 4B are photographs of the eyes of a 60-year-old male subject prior
to treatment (OD - FIG. 3A; OS-FIG. 4A) and after (OS - FIG. 3B; and OS-FIG. 3B) receiving eight

weeks of treatment with an eye drop formulation of the invention, as described in Example 6.

[00039]  FIG. 5 compares the contrast sensitivity improvement resulting from Formulation 3
compared to placebo in Example 14.

[00040]  FIG. 6 compares the penetration of solutions A, B, and C in Example 15 after 30 minutes,
2 hours, and 16 hours. ‘

[00041] FIGS. 7A and 7B depict the permeation of EDTA as found in Example 16.
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9.
[00042]  FIGS. 8A and 8B depict the effect of various treatments from Example 17.
[00043] FIG.9 depicts the transmission in rat lenses as a function of treatment in Example 17,
[00044] FIG. 10 depicts the effect of various treatments on cell viability as found in Example 18,
[00045]  FIG. 11 depicts the permeation results of Example 18.
[00046] FIG. 12 depicts the permeation results of Example 19,
[00047]  FIG. 13 depicts the cumulative permeation of ciprofloxacin through porcine intestina]
membrane as measured in Example 20.
[00048]  FIG. 14 depicts the cumulative permeation of ciprofloxacin-HC] through porcine
intestinal membrane as measured in Example 21.
[00049] FIG. 15 depicts cumulative permeation of ciprofloxacin-HCl through porcine intestinal
membrane as measured in Example 22.
[00050] FIG. 16 depicts the cumulative permeation of Methylene Blue though pre-treated porcine

intestinal membrane as measured in Example 27.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[00651] Unless otherwise indicated, the invention is not limited to specific formulation types,
formulation components, dosage regimens, or the like, as such may vary. It is also to be understood
that the terminology used herein is for the purpose of describing particular embodiments only and is
not intended to be limiting,

[00052]  Asused in the specification and the appended claims, the singular forms "a," "an," and
"the" include plural referents unless the context clearly dictates otherwise. Thus, for example,
reference to "a chelating agent" includes a single such agent as well as a combination or mixture of
two or more different chelating agents, reference to "a permeation enhancer” includes not only a
single permeation enhancer but also a combination or mixture of two or more different permeation
enhancers, reference to "a pharmaceutically acceptable vehicle" includes two or more such vehicles as
well as a single vehicle, and the like. N

[00053]  In this specification and in the claims that follow, reference will be made to a number of
terms, which shall be defined to have the following meanings:

[00054] When referring to a formulation component, it is intended that the term used, e.g., "agent"
or "component,” encompass not only the specified molecular entity but also its pharmaceutically
acceptable analogs, including, but not limited to, salts, esters, amides, prodrugs, conjugates, active
metabolites, and other such derivatives, analogs, and related compounds.

[00055] The terms "treating" and "treatment" as used herein refer to the administration of an agent
or formulation to a clinically symptomatic individual afflicted with an adverse condition, disorder, or

disease, s0 as to effect a reduction in severity and/or frequency of symptoms, eliminate the symptoms
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and/or their underlying cause, and/or facilitate improvement or remediation of damage. The terms
"preventing" and "prevention” refer to the administration of an agent or composition to a clinically
asymptomatic individual who is susceptible to a particular adverse condition, disorder, or disease, and
thus relates to the prevention of the occurrence of symptoms and/or their underlying cause. Unless
otherwise indicated herein, either explicitly or by implication, if the term "treatment" (or "treating") is
used without reference to possible prevention, it is intended that prevention be encompassed as well,
such that "a method for the treatment of presbyopia" would be interpreted as encompassing "a method
for the prevention of presbyopia."
[00056] By the terms "effective amount" and "therapeutically effective amount" of a formulation
or formulation component is meant a nontoxic but sufficient amount of the formulation or component
to provide the desired effect.
[00057] The term "controlled release" refers to an agent-containing formulation or fraction thereof
in ’which release of the agent is not immediate, i.e., with a "controlled release" formulation,
administration does not result in immediate release of the agent into an absorption pool. The term is
used interchangeably with "nonimmediate release” as defined in Remington: The Science and Practice
of Pharmacy, Nineteenth Ed. (Easton, PA: Mack Publishing Company, 1995). In general, the term
"controlled release" as used herein refers to "sustained release" rather than to "delayed release”
formulations. The term "sustained release" (synonymous with "extended release") is used in its
conventional sense to refer to a formulation that provides for gradual release of an agent over an
extended period of time.
[00058] By a "pharmaceutically acceptable" or "ophthalmologically acceptable" component is
meant a component that is not biologically or otherwise undesirable, i.e., the component may be
incorporated into an ophthalmic formulation of the invention and administered topically to a patient's
eye without causing any undesirable biological effects or interacting in a deleterious manner with any
of the other components of the formulation composition in which it is contained. When the term
"pharmaceutically acceptable" is used to refer to a component other than a pharmacologically active
agent, it is implied that the component has met the required standards of toxicological and
manufacturing testing or that it is 1ncluded on the Inactive Ingredient Guide prepared by the U.S.
Food and Drug Administration.
[00059]  The phrase "having the formula" or "having the structure" is not intended to be limiting
and is used in the same way that the term "comprising” is commonly used.
[00060]  The term "alkyl" as used herein refers to a linear, branched, or cyclic saturated
hydrocarbon group containing 1 to 6 carbon atoms, such as methyl, ethyl, n-propyl, isopropyl, -
butyl, isobutyl, #-butyl, cyclopentyl, cyclohexyl and the like. If not otherwise indicated, the term
"alkyl" includes unsubstituted and substituted alkyl, wherein the substituents may be, for example,

halo, hydroxyl, sulfhydryl, alkoxy, acyl, etc.
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[00061] The term "alkoxy" as used herein intends an alkyl group bound through a single, terminal
ether linkage; that is, an "alkoxy" group may be represented as -O-alkyl where alkyl is as defined
above.

[00062]  The term "aryl," as used herein and unless otherwise specified, refers to an aromatic
substituent containing a single aromatic ring or multiple aromatic rings that are fused together,
directly linked, or indirectly linked (such that the different aromatic rings are bound to a common
group such as a methylene or ethylene moiety). Preferred aryl groups contain 5 to 14 carbon atoms.
Exemplary aryl groups are contain one aromatic ring or two fused or linked aromatic rings, e.g.,
phenyl, naphthyl, biphenyl, diphenylether, diphenylamine, benzophenone, and the like. If not
otherwise indicated, the term "aryl" includes unsubstituted and substituted aryl, wherein the
substituents may be as set forth above with respect to optionally substituted "alkyl" groups.

[00063] The term "aralkyl" refers to an alkyl group with an aryl substituent, wherein "aryl" and
"alkyl" are as defined above. Preferred aralkyl groups contain 6 to 14 carbon atoms, and particularly
preferred aralkyl groups contain 6 to 8 carbon atoms. Examples of aralky! groups include, without
limitation, benzyl, 2-phenyl-ethyl, 3-phenyl-propyl, 4-phenyl-butyl, 5-phenyl-pentyl, 4-
phenylcyclohexyl, 4-benzylcyclohexyl, 4-phenylcyclohexylmethyl, 4-benzylcyclohexylmethyl, and
the like.

[00064] The term "acyl" refers to substituents having the formula -(CO)-alkyl, -(CO)-aryl, or -
(CO)-aralkyl, wherein "alkyl," "aryl, and "aralkyl" are as defined above.

[00065] The terms "heteroalkyl" and "heteroaralkyl" are used to refer to heteroatom-containing
alkyl and aralkyl groups, respectively, i.e., alkyl and aralkyl groups in which one or more carbon
atoms is replaced with an atom other than carbon, e.g., nitrogen, oxygen, sulfur, phosphorus or
silicon, typically nitrogen, oxygen or sulfur.

[00066]  In one embodiment, then, a method is provided for treating a patient suffering from or
prone to an adverse ocular condition. The method involves administering to the eye(s) of a patient a
therapeutically effective amount of a sterile ophthalmic formulation comprised of (a) a therapeutically
effective amount of an ophthalmologically active agent, (b) a noncytotoxic sequestrant of metal

cations, (c) a transport enhancer having the structure of formula )

@M R'—Q—R?

wherein Q is S or P, and R' and R? are independently selected from C1-Cy alkyl, C;-Cg heteroalkyl,
Ce-C4 aralkyl, and C,-Cy, heteroaralkyl, and (d) a pharmaceutically acceptable vehicle.
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[00067] The formulation may be applied to the eye in any form suitable for ocular drug
administration, e.g., as a solution or suspension for administration as eye drops or eye washes, as an
ointment, or in an ocular insert that can be implanted in the conjunctiva, sclera, pars plana, anterior
segment, or posterior segment of the eye. Such inserts provide for controlled release of the
formulation to the ocular surface, typically sustained release over an extended time period.

[00068]  The formulation may also be applied to the skin around the eye for penetration
therethrough, insofar as the compound used as the transport enhancer, e.g., methylsulfonylmethane,
serves as a penetration enhancer allowing permeation of the formulation through the skin as well as
into the tissues of the eye.

[00069] Compounds useful as noncytotoxic sequestrants herein include chelating agents, i.e.,
compounds that coordinate to or form complexes with a divalent or polyvalent metal cation, thus
serving as a sequestrant of such cations. Accordingly, the term "sequestrant" herein includes not only
divalent and polyvalent ligands (which are typically referred to as "chelators") but also monovalent
ligands capable of coordinating to or forming complexes with the metal cation. Preferred sequestrants
herein, however, are basic addition salts of a polyacid, e. g., a polycarboxylic acid, a polysulfonic. acid,
or a polyphosphonic acid, with polycarboxylates particularly preferred. The sequestrant generally
represents about 0.6 wt.% to 10 wt.%, preferably about 1.0 wt.% to 5.0 wt.%, of the formulation.
[00070] Suitable biocompatible sequestrants useful in conjunction with the present invention
include, useful in conjunction with the present invention include, without limitation, monomeric
polyacids such as EDTA, cyclohexanediamine tetraacetic acid (CDTA), hydroxyethylethylene-
diamine triacetic acid (HEDTA), diethylenetriamine pentaacetic acid (DTPA), dimercaptopropane
sulfonic acid (DMPS), dimercaptosuccinic acid (DMSA), aminotrimethylene phosphonic acid
(ATPA), citric acid, ophthalmologically acceptable salts thereof, and combinations of any of the
foregoing. Other exemplary chelating agents include: phosphates, e.g., pyrophosphates,
tripolyphosphates, and, hexametaphosphates; chelating antibiotics such as chloroquine and
tetracycline; nitrogen-containing chelating agents containing two or more chelating nitrogen atoms
within an imino group or in an aromatic ring (e.g., diimines, 2,2"-bipyridines, etc.); and polyamines
such as cyclam (1,4,7,11-tetraazacyclotetradecane), N-(C1-C30 alkyl)-substituted cyclams (e.g.,
hexadecyclam, tetramethylhexadecylcyclam), diethylenetriamine (DETA), spermine,
diethylnorspermine (DENSPM), diethylhomo-spermine (DEHOP), and deferoxamine (N'-[5-[[4-[[5-
(acetylhydroxyamino)pentylJamino]-1 ,4-dioxobutyl]hydroxyamino]-pentyl]-N'-(5-aminopentyl)-N-
hydroxybutanediamide; also known as desferrioxamine B and DF 0).

[00071]  EDTA and ophthalmologically acceptable EDTA salts are particularly preferred, wherein

representative ophthalmologically acceptable EDTA salts are typically selected from diammonium
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EDTA, disodium EDTA, dipotassium EDTA, triammonium EDTA, trisodium EDTA, tripotassium
EDTA, and calcium disodium EDTA.

[00072]  EDTA has been widely used as an agent for chelating metals in biological tissue and
blood, and has been suggested for inclusion in ophthalmic formulations. For example, U.S. Patent
No. 5,817,630 to Hofmann et al. describes the incorporation of 0.05 wt.% to 0.5 wt.% EDTA into
glutathione eye drops, U.S. Patent No. 5,283,236 to Chiou describes the use of EDTA asa
permeation-enhancing agent for the systemic delivery of polypeptides through the eye, U.S. Patent
No. 6,376,543 to Isaji et al. suggests that EDTA may be effective in inhibiting secondary cataracts,
and U.S. Patent No. 6,348,508 to Denick Jr. et al. describes EDTA as a sequestering agent to bind
metal ions. In addition to its use as a chelating agent, EDTA has also been widely used as a
preservative in place of benzalkonium chloride, as described, for example, in U.S. Patent No.
6,211,238 to Castillo et al. U.S. Patent No. 6,265,444 to Bowman et al. discloses use of EDTA asa
preservative and stabilizer. However, EDTA has generally not been applied topically in any
significant concentration in ophthalmic formulations because of its poor penetration through the
epithelium of the cornea.

[00073]  Without wishing to be bound by theory, it appears that a significant role played by the
noncytotoxic sequestrant in the present formulations is in the removal of the active sites of
metalloproteinases in the eye by sequestration of the enzymes’ metal center. By inactivating
metalloproteinases in this way, the sequestrant may slow or stop the degeneration of protein
complexes within the eye, thereby providing an opportunity for the ocular tissues to rebuild
themselves. In addition, by chelating metal ions such as copper, iron, and calcium, which are critical
to the formation and proliferation of free radicals in the eye, the sequestrant forms complexes that are
flushed into the bloodstream and excreted renally. In this way, the production of oxygen free radicals
and reactive molecular fragments is reduced, in turn reducing pathological lipid peroxidation of cell
membranes, DNA, enzymes, and lipoproteins, allowing the body's natural healing mechanisms to halt
and reverse disease processes in progress.

[00074] Accordingly, the sequestrant is multifunctional in the context of the present in\;ntion,
insofar as the agent serves to decrease unwanted proteinase (e.g., collagenase) activity, prevent
formation of lipid deposits, and/or reduce lipid deposits that have already formed, and reduce
calcification, in addition to acting as a preservative and stabilizing agent.

[00075]  The role of the sequestrant in the invention may more generally be fulfilled by metal
complexers. Metal complexers can be divided into two general categories: chelators and complexing
ligands.

[00076] The word chelator comes from the Greek word "chele" which means "claw" or "pincer."

As the name implies, metals that are complexed with chelators form a claw-like structure consisting



WO 2007/011874 PCT/US2006/027685
14-

of one or more molecules. The metal chelate structure is circular, generally containing 5 or 6 member
rings that are structurally and chemically stable.

[00077] Chelators can be classified by two different methods One method is by their use: they
may be classified as extraction type and color-forming type. Extractions with chelators may be

for preparative or analytical purposes. The chelating extraction reaction generally consists of addition
of a chelator to a metal-containing solution or material to selectively extract the metal or metals of
interest. The color-forming type of chelators — including pyridylazonaphthol (PAN),
pyridylazoresorcinol (PAR), thioazoylazoresorcinol (TAR), and many others — have been used in
analytical chemistry for many years. The chemistry is similar to that of the extraction type, except
that the color-forming chelator will form a distinctive color in the presence or absence of a targeted
metal. Generally the types of functional groups that form the chelate complex are similar; however,
a color-forming chelator will be water soluble due to the addition of polar or ionic functional groups
(such as a sulfonic acid group) to the chelating molecule.

[00078] Another method of classifying chelators is according to whether or not the formation.of
the metal chelate complex results in charge neutralization. Chelators generally contain hydronium
ions (from a carboxylic acid or hydroxy functional group) which results in charge neutralization, e.g.,
8-hydroxyquinoline. But they may also be non-ionic and simply add to the metal conserving the
charge of the metal, e.g., ethylene diamine or 1,10-phenanthroline. Chelators usually have one acid
group and one basic group per ring structure. Typical acids groups are carboxylic acid, hydroxyl,
phenolic or enolic, thiol hydroxyamine and arsonic acids. Typical basic groups include ketone and
primary, secondary, and tertiary amine groups. Virtually all organic functional groups have been
incorporated into chelators. ‘

[06079] A complexing ligand does not form a ring structure, but still can form strong complexes
of the ligand and metal. An example of a complexing ligand is cyanide which can form strong
complexes with certain metals such as Fe*" and Cu®*. Free cyanide is used to complex and extract
gold metal from ore. One or more of the liga_{lds can complex with the metals depending on the
ligand and ligand concentration. Silver forms-three different complexes of one silver molecule to two,
three, or four cyanide molecules depending on the cyanide concentration, but gold forms only one
cyanide complex, of one gold molecule and two cyanide molecules. Other complexing ligands
include chloride, bromide, iodide, thiocyanate, and many others.

[00080] It is possible to add selectivity to the complexation reaction. Some chelators are very
selective for a particular metal. For example, dimethylglyoxime forms a planar structure with Ni**
and selectively extracts the metal. Selectivity can be moderated by adjusting the pH. In the case

where an acidic group is present, the chelator is made more general by increasing pH and more
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selective by decreasing the pH. Only metals that form the strongest chelators will form metal chelates
under increasingly acidic conditions.

[00081] Chelating or ligand complexers may be used in conjunction with other metal chelators to
add selectivity. Masking agents are used as an auxiliary complexing agent to prevent the
complexation of certain metals so that others can be complexed. Examples of masking agents include

sulfosalicylate which masks Al3+, cyanide which masks Co2+, Ni2+, Cu2+, Cd2+ and Zn2+, thiourea

which masks Cu2+, citrate which masks Al3+, Sn4+ and Zr4+, and iodide which masks H a2+,

[00082]

and some of the cations with which they form complexes:

The following table indicates some of the common sequestrants, i.e., metal complexers,

Sequestrant Extraction | Color Forming Charge No NC Representative ions complexed
neutralization
(CN)
2-Aminoperimidine X X SO,”, Ba®*
hydrochloride
1-Phenyl-3-methyl-4- X X Pu*, UO,”
benzoylpyrazolin-5-one
Eriochrome black T X X Ca™*, Mg”, Sr, Zn, Pb
Calmagite X X Ca”*, Mg, Sr, Zn, Pb
0,0-Dihydroxyazobenzene X X Ca2+, Mg2+
Pyridylazonaphthol (PAN) X X Bi, Cd, Cu, Pd, Pl Sn*,
UO,*, Hg*, Th, Co, Pb,
Fe*', Fe*> Ni**, Zn*", La®
Pyridylazonaphthol (PAN) X X Alkali metals, Zr*", Ge, Ru,
Rh, Ir, Be, Os
Pyridylazo-resorcinol (PAR) X X ReOy4, Bi, Cd, Cu, Pd, P,
Sn**, UO,”™, Hg®, Th, Co,
Pb, Fe*, Fe’™ Ni**, Zn*,
La*
Thiazolylazo resorcinol X X Pb
(TAR)
1, 10-Phenanthroline X X Fe™*, Zn, Co, Cu, Cd, SO~
2,2’-Bipyridine X X
Tripyridine X X
Batho phenanthroline (4,7- X Cu™, Cu”, Fe¥
diphenyl-1,10-
phenanthroline)
Batho phenanthroline (4,7 X X Cu™, Cu*, Fe¥
diphenyl-2,9-dimethyl-1,10-
phenanthroline)
Cuproine X X Cu™", Cu’, Fe¥*
Neocuproine X X Cu™*, Cu’, Fe?"
2,4,6-Tripyridyl-S-triazine X Fe™
Phenyl-2-pyridyl ketoxime X Fe™
Ketoxime X
Ferrozine X X Fe** -
Bicinchoninic acid X Cu™*, Cu*
8-Hydroxyquinoline X X Pb, Mg**, AI*", Cu, Zn, Cd
2-Amino-6-sulfo-8- X X
hydroxyquinoline
2-Methyl 8- X X Pb, Mg”*, Cu, Zn, Cd
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Sequestrant Extraction | Color Forming Charge Representative ions complexed
neutralization
(CN)
hydroxyquinoline
5, 7-Dichloro 8- X X Pb, Mg™, AI’*, Cu, Zn, Cd
hydroxyquinoline
Dibromo 8- X X Pb, Mg™, A", Cu, Zn, Cd
hydroxyquinoline
Naphthyl azoxine X X
Xylenol orange X X Th*, z:%, Bi¥, Fe™, Pb”,
Zn*", Cu®, rare earth metals
Calcein (Fluorescein- X X Ca™*, Mg”™
methylene-iminodiacetic
Acid)
Pyrocatechol violet X X Sn‘;:, ze, Th™, U0, ”, Y,
Cd
Tiron (4,5-Dihydroxy-m- X X AP?
benzenedisulfonic Acid)
Alizarin Red S (3,4- X X Ca™*
dihydroxy-2-anthra-
quinonesulfonic acid)
4- Aminopyridine X
Thoron 1 X
Arsenazo [ X X Ca™, Mg™, Th", UO,™, Pu™
Arsenazo ITI X X Ca”, Mg”, Th¥, UO0,”,
Pu®, ze* Th*
EDTA (ethylenediamine X X Fe**, most divalent cations
tetraacetic acid)
CDTA (cyclodiamine X X Fe™*, most divalent cations
tetracetic acid)
EGTA X X Fe”*, most divalent cations
HEDTA (hydroxyethyl- X Fe®*, most divalent cations
ethylenediamine triacetic :
acid)
DPTA (diethylenetriamine X X Fe**, most divalent cations
pentaacetic acid)
DMPS (dimercaptopropane X X Fe®*, most divalent cations
sulfonic acid)
DMSA (dimercaptosuccinic X X Fe™, most divalent cations
acid)
ATPA (aminotrimethylene X X Fe™*, most divalent cations
phosphonic acid)
CHX-DTPA (Cyclohexyl X X Fe™*, most divalent cations
diethylenetriaminopenta-
acetate)
Citric acid X X Fe™*
1,2-bis-(2-amino-5- x X Ca™ K*
fluorophenoxy)ethane-
N,N,N’ ,N"-tetraacetic acid
(5F-BAPTA)
Desferal® Fe™*
Desferoxamine Fe™
Hydoquinone X x Fe™*
Benzoquinone X X Fe?
Dipicrylamine X X K"
Sodium tetraphenylboron X X K
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Sequestrant Extraction | Color Forming Charge No NC Representative ions complexed
neutralization
(CN)
1, 2-dioximes X X Ni~, Pd*", Mn*", Fe*, Co™,
Ni¥*, Cu?*, Zn*
Alpha-furil dioxime X X Ni**, pd™, Mn**, Fe¥*, Co%,
Ni%*, Cu?*, Zn**
Cyclohexanone oxime X X Ni**, Pd*, Mn”, Fe¥*, Co?",
Ni2+, Cu2+, Zn2+
Cycloheptanone X X Ni“*, Pd™, Mn™", Fe**, Co™",
Ni*, Cu**, Zn**
Methyt x X Ni**, Pd*, Mn*", Fe**, Co%,
cyclohexanonedioxime Ni%*, Cu®*, Zn®*
Ethyl X X Ni**, Pd**, Mn”", Fe¥", Co”",
cyclohexanonedioxime Ni¥*, Cu?!, Zn*
Isopropyl X X Ni**, Pd*, Mn*, Fe¥*, Co”,
4cyclohexanonedioxime Ni¥*, Cu?!, Zn*
Cupferron x X MY, M, M%, 7:7, Ga¥,
Fe**, Ti*, HfY, U*, sn*,
Nb5+, Ta5+, V5+, M06+, W6+,
Th4+, Cu2+, B i3+
N-Benzolyphenylhydroxyl- X sn*', z«*, Ti¥, HfY, Nb™,
amine (BPHA) Ta’*, V>, Mo%, Sb**
Arsonic acids X X 7, TiY
Mandelic acid X X Zr* Hf"
Alpha-nitroso-beta-napthol X X Co™, Co™*
Anthranilic acid X X Ni**, Pb*, Co, Ni*", Cu”,
Zn*"Cd, Hg¥, Ag"
Alpha-benzoinoxime X X Cu™
Thionalide X X Cu™, B", Hg, As, Sn',
] Sb™, Ag
Tannin X X Nb, Ta
Ammonium oxalate X X Th*, A, Cr, Fe%, V™,
7 U
Diethyldithiocarbamates X X K, most metals
2-Furoic acid X X Th* .
Dimethylglyoxime (DMG) X X Ni ¥, Fe”*, Co®", Al
Isooctylthioglycolic acid X X A", Fe**, Cu™, Bi*, Sn”,
Pb?*, Ag", Hg*

[00083] The listing of cations in the table should not be taken to be exclusive. Many of these
agents will complex to some extent with any metal cation.
[00084]  The formulation administered in the present method also includes a transport enhancer

having the structure of formula (I)

@ R'—Q—R?

[00085] wherein Q is S or P, and R! and R? are independently selected from C;-Cg alkyl
(preferably C,-Cs alkyl), C;-Cs heteroalkyl (preferably C;-C;, heteroalkyl), Cs-C 4 aralkyl (preferably
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Co-Cs aralkyl), and C»-Cy; heteroaralkyl (preferably C4~Cq heteroaralkyl). Optimally, Q is S, and R
and R? are both C,-C; alkyl, e.g., methyl, as in methylsulfonylmethane. The formulation also
includes an effective amount of a permeation enhancer that facilitates penetration of the formulation
components through cell membranes, tissues, and extra- cellular matrices, including the cornea.
[00086]  The amount of the transport enhancer in the present formulations is an effective
enhancing amount; that is, the transport enhancer is present at a concentration sufficient to provide a
measurable increase in penetration of one or more of the formulation components through
membranes, tissues, and extracellular matrices as just described. Suitable permeation enhancers
include, by way of example, methylsulfonylmethane (MSM; also referred to as methyl sulfone),
combinations of MSM with dimethylsulfoxide (DMSO), or a combination of MSM and, in a less
preferred embodiment, DMSO, with MSM particularly preferred.

[00087]  MSM is an odorless, highly water-soluble (34% w/v @ 79 °F) white crystalline
compound with a melting point of 108-110 °C and a molecular weight of 94.1 g/mol. MSM serves as
a multifunctional agent herein, insofar as the agent not only increases cell membrane permeability, but
also acts as a "transport facilitating agent" (TFA) that aids in the transport of one or more formulation
components to both the anterior and posterior of the eye. Furthermore, MSM per se provides
medicative effects, and can serve as an anti-inflammatory agent as well as an analgesic. MSM also
acts to improve oxidative metabolism in biological tissues, and is a source of organic sulfur, which
assists in the reduction of scarring. MSM additionally possesses unique and beneficial solubilization
properties, in that it is soluble in water, as noted above, but exhibits both hydrophilic and hydrophobic
properties because of the presence of polar S=O groups and nonpolar methyl groups. The molecular
structure of MSM also allows for hydrogen bonding with other molecules, i.e., between the oxygen
atom of each S=O group and hydrogen atoms of other molecules, and for formation of van der Waals
associations, i.e., between the methyl groups and nonpolar (e.g., hydrocarbyl) segments of other
molecules. Ideally, the concentration of MSM in the present formulations is in the range of about 1.0
wt.% to 33 wt.%, preferably about 1.5 wt.% to 8.0 wt.%.

[00088] In a representative embodiment of the invention, tﬂe formulation comprises a sequestrant
in the form of a basic addition salt of a tetracarboxylic acid, and a transport enhancer having the
structure of formula (I) wherein R' and R? are independently selected from C,-C; alkyl, C;-C;
heteroalkyl, C¢-Cg aralkyl, and C4-Cjq heteroaralkyl, and Q is S or P. The molar ratio of the transport
enhancer to the sequestrant is generally, although not necessarily, in the range of 2:1 to 12:1,
preferably in the range of 4:1 to 10:1, and optimally about 8:1.

[00089] In another embodiment, a formulation is provided that contains a therapeutically effective
amount of an ophthalmologically active agent, a sequestrant of metal cations, e.g., a chelating agent as
described above or a non-chelating complexing agent or ligand, and an effective amount of a transport

enhancer, wherein the transport enhancer has the structure of formula ().
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[00090]  The formulations of the invention can also include additional agents, e.g., a known anti-
AGE agent such as an AGE breaker. As is recognized in the art, AGE breakers act to cleave glycated
bonds and thus facilitate dissociation of already-formed AGEs. Suitable AGE breakers include,
without limitation, L-carnosine, 3-phenacyl-4,5-dimethylthiazolium chloride (PTC), N-
phenacylthiazolium bromide (PTB), and 3-phenacyl-4,5-dimethylthiazolium bromide (ALT-711,
Alteon). The anti-AGE agent may also be selected from glycation inhibitors and AGE formation
inhibitors. Representative such agents include aminoguanidine, 4-(2,4,6-
trichlorophenylureido)phenoxyisobutyric acid, 4-[(3,4-dichlorophenylmethyl)2-chloro-
phenylureido]phenoxyisobutyric acid, N,N'-bis(2-chloro-4-carboxyphenyl)formamidine, and
combinations thereof.

[00091]  One representative anti-AGE agent herein is L-carnosine, a natural histidine-containing
dipeptide. L-carnosine is also a naturally occurring anti-oxidant, and thus provides multiple functions
herein. In a preferred embodiment, L-carnosine, if present, represents approximately 0.2 wt.% to 5.0
wt.% of the formulation.

[00092] The formulation can also include a microcirculatory enhancer, i.e., an agent that serves to
enhance blood flow within the capillaries. The microcirculatory enhancer can be a phosphodiesterase
(PDE) inhibitor, for instance a Type (I) PDE inhibitors. Such compounds, as will be appreciated by
those of ordinary skill in the art, act to elevate intracellular levels of cyclic AMP (cAMP). A
preferred microcirculatory enhancer is vinpocetine, also referred to as ethyl apovincamin-22-oate.
Vinpocetine, a synthetic derivative of vincamine, a Vinca alkaloid, is particularly preferred herein
because of its antioxidant properties and protection against excess calcium accumulation in cells.
Vincamine is also useful as a microcirculatory enhancer herein, as are Vinca alkaloids other than
vinpocetine. Preferably, any microcirculatory enhancer present, e.g., vinpocetine, represents about
0.01 wt.% to about 0.2 wt.%, preferably in the range of about 0.02 wt.% to about 0.1 wt.% of the
formulation.

[00093] Other optional additives in the present formulations include secondary enhancers, i.¢., one
or more addition_z;l permeation enhancers. For example, formulation of the invention can contain
added dimethylsulfoxide (DMSO). If DMSO is added as a secondary enhancer, the amount is
preferably in the range of about 1.0 wt.% to 2.0 wt.% of the formulation, and the weight ratio of MSM
to DMSO is typically in the range of about 1:1 to about 50:1. or example, formulation of the
invention can contain added DMSO. As discussed above, methylsulfonylmethane (MSM) has
particular utility as a penetration enhancer in ophthalmic applications. An embodiment of this
invention is a sterile ophthalmic formulation for the treatment of an ophthalmic condition comprising
MSM and an amount of an active ingredient effective for the treatment of that condition in a
pharmaceutically acceptable carrier. In a preferred version of this embodiment, the formulation

consists essentially of MSM and the active ingredient. In other preferred versions of this
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embodiment, the formulation consists essentially of (a) MSM, or (b) MSM and EDTA in a preferred
weight ratio in the range of about 1:1 to about 50:1.

[00094] Other possible additives for incorporation into the formulations that are at least partially
aqueous include, without limitation, thickeners, isotonic agents, buffering agents, and preservatives,
providing that any such excipients do not interact in an adverse manner with any of the formulation's
other components. It should also be noted that preservatives are not generally necessarily in light of
the fact that the selected chelating agent (and preferred AGE breakers) themselves serve as
preservatives. Suitable thickeners will be known to those of ordinary skill in the art of ophthalmic
formulation, and include, by way of example, cellulosic polymers such as methylcellulose (MC),
hydroxyethylcellulose (HEC), hydroxypropylcellulose (HPC), hydroxypropyl-methylcellulose
(HPMC),‘ and sodium carboxymethylcellulose (NaCMC), and other swellable hydrophilic polymers
such as polyvinyl alcohol (PVA), hyaluronic acid or a salt thereof (e.g., sodium hyaluronate), and
crosslinked acrylic acid polymers commonly referred to as "carbomers" (and available from B.F.
Goodrich as Carbopol® polymers). The preferred amount of any thickener is such that a viscosity in
the range of about 15 cps to 25 cps is provided, as a solution having a viscosity in the aforementioned
range is generally considered optimal for both comfort and retention of the formulation in the eye.
Any suitable isotonic agents and buffering agents commonly used in ophthalmic formulations may be
used, providing that the osmotic pressure of the solution does not deviate from that of lachrymal fluid
by more than 2-3% and that the pH of the formulation is maintained in the range of about 6.5 to about
8.0, preferably in the range of about 6.8 to about 7.8, and optimally at a pH of about 7.4. Preferred
buffering agents include carbonates such as sodium and potassium bicarbonate.

[00095] The formulations of the invention also include a pharmaceutically acceptable ophthalmic
carrier or vehicle, which will depend on the particular type of formulation. For example, the
formulations of the invention can be provided as an ophthalmic solution or suspension, in which case
the carrier is at least partially aqueous. Ideally, ophthalmic solutions, which may be administered as
eye drops, are aqueous solutions. The formulations may also be ointments, in which case the
pharmaceutically acceptable carrier is composed of an ointment base. Preferred ointment bases herein
have a melting or softening point close to body temperature, and any ointment bases commonly used
in ophthalmic preparations may be advantageously employed. Common ointment bases include
petrolatum and mixtures of petrolatum and mineral oil.

[00096]  Ophthalmologically active agents that are incorporated into the present formulations may
be selected from, for instance: anti-infective or antibiotic agents including fluoroquinolones such as
ciprofloxacin, levofloxacin, gentafloxacin, ofloxacine, tetracycline, chlortetracycline, bacitracin,
neoniycin, polymyxin, gramicidin, oxytetracycline, chloramphenicol, gentamycin, and erythromyecin;
anti-inflammatory agents such as hydrocortisone, dexamethasone, fluocinolone, prednisone,

prednisolone, methylprednisolone, fluorometholone, betamethasone and triamcinolone; anti-
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angiogenesis drugs including thalidomide, VEGF inhibitors, and matrix metalloproteinase (MMP)
inhibitors; anti-neoplastic agents; and dry-eye medicaments such as cyclosporine and mitomycin.
Additional examples of ophthalmologically active agents that may be incorporated into the present
formulations include anesthetics, analgesics, cell transport/mobility impeding agents; anti-glaucoma
drugs including beta-blockers such as timolol, betaxolol, atenolol, etc; carbonic anhydrase inhibitors
such as acetazolamide, methazolamide, dichlorphenamide, and diamox; neuroprotectants such as
nimodipine and related compounds; antibacterials such as sulfonamides, sulfacetamide,
sulfamethizole and sulfasoxazole; anti-fungal agents such as fluconazole, nitrofurazone, amphotericin
B, ketoconazole, and related compounds; anti-viral agents such as trifluorothymidine, acyclovir,
ganciclovir, dideoxyinosine (DDI), zidovudine (AZT), foscarnet, vidarabine, trifluorouridine,
idoxuridine, and ribavirin; protease inhibitors and anti-cytomegalovirus agents; antiallergenic agents
such as methapyriline, chlorpheniramine, pyrilamine and prophenpyridamine; and decongestants such
as phenylephrine, naphazoline, and tetrahydrazoline.

[00097] Typical ophthalmologically active agents that can be incorporated into the present
formulations include, without limitation, aceclidine, acetazolamide, anecortave, apraclonidine,
atropine, azapentacene, azelastine, bacitracin, befunolol, betamethasone, betaxolol, bimatoprost,
brimonidine, brinzolamide, carbachol, carteolol, celecoxib, chloramphenicol, chlortetracycline,
ciprofloxacin, cromoglycate, cromolyn, cyclopentolate, cyclosporin, dapiprazole, demecarium,
dexamethasone, diclofenac, dichlorphenamide, dipivefrin, dorzolamide, echothiophate, emedastine,
epinastine, epinephrine, erythromycin, ethoxzolamide, eucatropine, fludrocortisone, fluorometholone,
flurbiprofen, fomivirsen, framycetin, ganciclovir, gatifloxacin, gentamycin, homatropine,
hydrocortisone, idoxuridine, indomethacin, isoflurophate, ketorolac, ketotifen, latanoprost,
levobetaxolol, levobunolol, levocabastine, levofloxacin, lodoxamide, loteprednol, medrysone,
methazolamide, metipranolol, moxifloxacin, naphazoline, natamycin, nedocromil, neomycin,
norfloxacin, ofloxacin, olopatadine, oxymetazoline, pemirolast, pegaptanib, phenylephrine,
physostigmine, pilocarpine, pindolol, pirenoxine, polymyxin B, prednisolone, proparacaine,
ranibizumab, rimexolone, scopolamine, sezolamide, squalamine, sulfacetamide, suprofen, tetracaine,
tetracyclin, tetrahydrozoline, tetryzoline, timolol, tobramycin, travoprost, triamcinulone,
trifluoromethazolamide, trifluridine, trimethoprim, tropicamide, unoprostone, vidarbine,
xylometazoline, a pharmaceutically acceptable salt thereof, or a combination of any of the foregoing.
[00098] The formulations of the invention may be prepared as a hydrogel, dispersion, or colloidal
suspension. Hydrogels are formed by incorporation of a swellable, gel-forming polymer such as those
set forth above as suitable thickening agents (i.e., MC, HEC, HPC, HPMC, NaCMC, PVA, or
hyaluronic acid or a salt thereof, e.g., sodium hyaluronate), except that a formulation referred to in the
art as a "hydrogel" typically has a higher viscosity than a formulation referred to as a "thickened"

solution or suspension. In contrast to such preformed hydrogels, a formulation may also be prepared
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so as to form a hydrogel in situ following application to the eye. Such gels are liquid at room
temperature but gel at higher temperatures (and thus termed "thermoreversible" hydrogels), such as
when placed in contact with body fluids. Biocompatible polymers that impart this property include
acrylic acid polymers and copolymers, N-isopropylacrylamide derivatives, and ABA block
copolymers of ethylene oxide and propylene oxide (conventionally referred to as "poloxamers" and
available under the Pluronic® tradename from BASF-Wyandotte). The formulations can also be
prepared in the form of a dispersion or colloidal suspension. Preferred dispersions are liposomal, in
which case the formulation is enclosed within "liposomes," microscopic vesicles composed of
alternating aqueous compartments and lipid bilayers. Colloidal suspensions are generally formed
from microparticles, i.e., from microspheres, nanospheres, microcapsules, or nanocapsules, wherein
microspheres and nanospheres are generally monolithic particles of a polymer matrix in which the
formulation is trapped, adsorbed, or otherwise contained, while with microcapsules and nanocapsules,
the formulation is actually encapsulated. The upper limit for the size for these microparticles is about
5 pm to about 10 pum.

[00099]  The formulations may also be incorporated into a sterile ocular insert that provides for
controlled release of the formulation over an extended time period, generally in the range of about 12
hours to 60 days, and possibly up to 12 months or more, following implantation of the insert inte the
conjunctiva, sclera, or pars plana, or into the anterior segment or posterior segment of the eye. One
type of ocular insert is an implant in the form of a monolithic polymer matrix that gradually releases
the formulation to the eye through diffusion and/or matrix degradation. With such an insert, it is
preferred that the polymer be completely soluble and or biodegradable (i.e., physically or
enzymatically eroded in the eye) so that removal of the insert is unnecessary. These types of inserts
are well known in the art, and are typically composed of a water-swellable, gel-forming polymer such
as collagen, polyvinyl alcohol, or a cellulosic polymer. Another type of insert that can be used to
deliver the present formulation is a diffusional implant in which the formulation is contained in a
central reservoir enclosed within a permeable polymer membrane that allows for gradual diffusion of
the formulation out of the implant. Osmotic inserts may also be used, i.e., impla:nts in which the
formulation is released as a result of an increase in osmotic pressure within the implant following
application to the eye and subsequent absorption of lachrymal fluid.

[000100] The method and formulations of the invention are useful in treating a host of adverse
ocular conditions, including conditions, diseases or disorders of the cornea, retina, lens, sclera, and
anterior and posterior segments of the eye, many of which involve the formation or deposition of
molecular aggregates as discussed above. Of particular interest are those adverse ocular conditions
associated with the aging process and/or oxidative and free radical damage to the eye. It should be
emphasized, however, that the adverse condition treated may or may not be age-related, and the

invention includes methods of treating both types of conditions.
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[000101] By way of example and not limitation, the formulations are useful in treating the
following adverse ocular conditions that are generally associated with aging: hardening,
opacification, reduction of pliability, and yellowing of the lens; yellowing and opacification of the
cornea; presbyopia; clogging of the trabeculum, leading to intraocular pressure build-up and
glaucoma,; increased floaters in the vitreous humor; stiffening and reduction of the dilation range of
the iris; age-related macular degeneration; formation of atherosclerotic and other lipid deposits in
retinal arteries; dry eye syndrome; development of cataracts, including secondary cataracts;
photophobia, problems with glare and a decrease in the sensitivity and light level adaptation ability of
the rods and cones of the retina; arcus senilis; narrowing of the pupil; loss in visual acuity, including
decreased contrast sensitivity, color perception, and depth perception; loss of night vision; decreased
lens accommodation; macular edema; macular scarring; and band keratopathy. The aging individual
generally suffers from more than one of these conditions, normally necessitating the self-
administration of two or more different pharmaceutical products. As the methods and formulations of
the invention are useful for treating multiple conditions, no additional products are needed, and,
therefore, the inconvenience and inherent risk of using multiple pharmaceutical products are
eliminated. Additional adverse ocular conditions that can be treated using the present formulations
include keratoconus and ocular surface growths such as pingueculae and pterygia. It should also-be
emphasized that the formulations can be used to improve the visual acuity, including contrast
sensitivity, color perception, and depth perception, in any mammalian individual whether or not the
individual is afflicted with an adverse visual condition.

[000102] The invention also pertains to ocular inserts for ;he controlled release of a formulation of
the invention or a component thereof. These ocular inserts may be implanted into any region of the
eye, including the sclera and the anterior and posterior segments. The insert may be a gradually but
completely soluble implant, such as may be made by incorporating swellable, hydrogel-forming
polymers into an aqueous liquid formulation as described elsewhere herein. The insert may also be
insoluble, in which case the agent is released from an internal reservoir through an outer membrane

via diffusion or osmosis as also described elsewhere herein.

EXAMPLE 1
[000103] An eye drop formulation of the invention, Formulation 1, was prepared as follows: High
purity de-ionized (DI) water (500 ml) was filtered via a 0.2 micrometer filter. MSM (27 g), EDTA
(13 g), and L-carnosine (5 g) were added to the filtered DI water, and mixed until visual transparency
was achieved, indicating dissolution. The mixture was poured into 10 mL bottles each having a
dropper cap. On a weight percent basis, the eye drops had the following composition:
Purified de-ionized water 91.74 wt.%

MSM 4.95 wt.%
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Di-sodium EDTA 2.39 wt.%
L-Carnosine 0.92 wt.%.
EXAMPLE 2

[000104] Formulation 1 was evaluated for efficacy in treating four subjects, all males between 52
and 84 years of age of mixed ethnicity. Subject 1 was in his fifties and had no visual problems or
detectable abnormalities of the eye. Subjects 2 and 3 were in their fifties and had prominent arcus
senilis around the cornea periphery in both eyes but no other adverse ocular conditions (arcus senilis
is typically considered to be a cosmetic blemish). Subject 4 was in his eighties and was suffering
from cataracts and Salzmann's nodules, and reported extreme photophobia and problems with glare.
This subject was having great difficulty reading newspapers, books, and information on a computer
screen, because of the glare and loss in visual clarity.

[000105] The formulation was administered to the subjects, one drop (approximately 0.04 mL) to
each eye, two to four times per day for a period of over 12 months. All subjects were examined by an
ophthalmologist during and after 12 months. No side effects, other than minor temporary irritation at
the time of administering the formulation in the eye, were reported or observed by the subjects or the
ophthalmologist. All four subjects completed the study.

[000106]  All subjects noticed subjective changes 4 weeks into the study. At this stage, the changes
reported by the subjects included increased brightness, improved clarity of vision, and reduced glare
(particularly Subject 4).

[000107]  After 8 weeks, the following changes were noted: All four subjects reported greatly
improved vision with regard to clarity and contrast, and indicated that daytime colors appeared to
increase in brilliance. Subject 1's eyesight improved from 20/25 (after correction) to better than 20/20
(with the same correction), and his eyes turned a deeper shade of blue. Subjects 2 and 3 exhibited a
significant reduction of the arcus senilis.

[000108]  For Subject 4, whose vision originally with best correction had been 20/400 in his left eye
and 20/200 in his right eye and had acute photophobia and glare. The glare and photophobia were
reduced, and the subject started to read books, newspapers, and information on the computer screen
again. The visual acuity in his right eye improved significantly, from 20/200 (with correction) to
20/60 (pinhole) (with the same correction). In his left eye, his visual acuity improved as well, from
20/400 to 20/200 (with the same correction). In his left eye, he continued to have a central dark spot
due to macular scarring.

[000109] After 16 weeks, the following changes were noted: All subjects reported continuing
improvement of vision, including night vision, as well as improved contrast sensitivity and continued

improvement in color perception. Subject 1's eyesight continued to improve, from 20/20 (after
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correction) to 20/15 (with the same correction). Subjects 2 and 3 continued to exhibit a reduction of
the arcus senilis.

[000110]  Subject 4 reported a further reduction in glare and photophobia, and further improvements
in the ease of reading books, newspapers, and information on the computer screen. Subject 4 also
reported that nighttime glare had been eliminated. The subject was now comfortable in daylight
without need for dark glasses, and without suffering severe problems with glare. The visual acuity in
his right eye improved from 20/60 (pinthole) to 20/50 (pinhole). In his left eye his visual acuity also
improved, from 20/200 to 20/160 (with same correction). In his left eye, he continued to have a
central dark spot due to macular scarring.

[000111]  After eight months, Subject 4's vision in his right eye improved from 20/50 (pinhole) to
20/40 (pinhole) In his left eye his visual acuity improved from 20/160 to 20/100 (with same
correction). The dark spot in the left eye started dissipating, and he could read hazily through the
formerly dark spot. At this time his contrast sensitivity was also measured. His cataracts were
measured at a 4+ (on a scale of 0-4, 4 being the highest). The central macular scar was barely visible
to the ophthalmologist due to haziness of the optical path. After 10 months, Subject 1's visual acuity
further improved from 20/15 to 20/10 (with the same correction).

[000112]  After further 2 months; i.e., after a total of 12 months, Subject 4's vision continued to
improve. The subject could now read books, newspapers, and the computer screen without any
problems. The subject also showed improvement in cataracts (went from 4+ to 3-4+ on a 0-4 scale).
The optical path clarity had improved enough that the macular scar was clearly visible to the
ophthalmologist. In contrast sensitivity there was a 40% to 100% improvement. In Snellen acuity, he

went from 20/40 to 20/30 (pinhole) in his right eye, and from 20/100 to 20/80 in his left eye.

EXAMPLE 3
[000113] A second eye drop formulation of the invention, Formulation 2, was prepared as follows:
High purity de-ionized (DI) water (500 ml) was filtered via a 0.2 micrometer filter, MSM (13.5 g),
EDTA (6.5 g), and L-carnosine (5.0 g) were added to the filtered DI water, and mixed until visual
transparency was acﬁieved, indicating dissolution. The mixture was poured into 10 mL bottles each

having a dropper cap. On a weight percent basis, the eye drop composition had the following

components:
Purified de-ionized water 95.24 wt.%
MSM 2.57 wt.%
Di-sodium EDTA 1.24 wt.%

L-Carmnosine 0.95 wt.%
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EXAMPLE 4
[000114]  Subsequent to the experimentation described in Example 2, a detailed and controlled
follow-on study was carried out using a slightly weaker eye drop formulation, Formulation 2
(prepared as described in Example 3). Placebo eye drops were also prepared and administered. The
placebo drops were composed of a commercially obtained sterile saline solution in the form of a
buffered isotonic aqueous solution (containing boric acid, sodium borate, and sodium chloride with
0.1 wt.% sorbic acid and 0.025 wt.% di-sodium EDTA as preservatives).
[000115]  The study was double-masked, in that except for one positive control, neither the patient
nor the ophthalmologist knew whether they were given the formulation eye drops or a saline solution.
The patients were randomized to receive either the study formulation or saline solution.
[000116] The study involved five subjects, of which 3 subjects were given the eye drops of
Formulation 2 and 1 subject was given placebo eye drops. In addition, 1 subject was given the
higher-strength eye drops of Formulation 1. One drop (approximately 0.04 mL) was administered to
each eye, two to four times daily for a period of 8 weeks. The drops were administered to both eyes
of each subject. The study participants were multiethnic and 20% female, 80% male.
[000117] The baseline and follow-on testing by the ophthalmologist included: automated
refraction; corneal topography; external photographs; wavefront photographs; visual acuity with
spectacle correction at distance and at 14 inches; contrast sensitivity testing using the Vision Sciences
Research Corporation (San Ramon, California) Functional Acuity Contrast Test (FACT) chart; pupil
examination and pupil size measurement; slit lamp examination; intraocular pressure measurement;
and dilated fundus examination.
[000118] After 8 weeks, the subjects were examined again. The contrast sensitivity results for each

subject are shown in Table 1, and all the results are summarized in Table 2.
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Table 1
Subject 1 2 3 4 5°
Right (R) or Left (L) Eye R L R L R L R L R L
Contrast Sensitivity (CS)'

1.5 cpd®  logyo CS before 1.85 1156|170 | 1.70 | 2.00 | 1.85 | 1.56 | 1.70 | 1.85 | 1.70
log;o CS after 2,00 | 1.85|1.85]| 185|200 |1.85]1.85 | 1.85| 1.85 | 1.56
logyo unit change® 0.15] 029 | 0.15| 0.15 | 0.00 | 0.00 | 0.29 | 0.15 | 0.00 | -.14
percent improved® 8 19 9 9 0 0 19 9 0 -8

3 cpd logjo CS before 1.90 | 1.76 | 1.90 | 1.90 | 1.90 | 1.90 | 1.76 | 1.90 | 1.76 | 1.90
log;o CS after 2.06 | 1.90 | 1.90 | 2.06 | 2.06 | 2.06 | 2.20 | 2.06 | 1.90 | 1.76
logjo unit change 0.16 | 0.14 | 0.00 | 0.16 | 0.16 | 0.16 | 0.44 | 0.16 | 0.14 | -.14
percent improved 8 8 0 8 8 8 26 8 8 -8

6 cpd log;o CS before 1.81 | 1.81 | 1.95 | 2.11 | 195|195 | 1.65 | 1.81 | 1.81 | 1.81
logyo CS after 1.95 | 1.81 { 2.11 { 1.95 | 2.11 | 2.11 | 2,11 | 2.11 | 1.81 | 1.95
logo unit change 0.14 1 0.00 | 0.16 | -.16 | 0.16 | 0.16 | 0.46 | 0.30 | 0.00 | 0.14
percent improved 8 0 8 -7 8 8 27 17 0 8

12cpd  logyo CS before 1.34 1 1.18 | 1.78 | 1.78 | 1.78 | 1.78 | 1.18 | 1.48 | 1.48 | 1.63
logo CS after 1.63 | 148 | 1.78 | 1.78 | 1.78 | 1.78 | 1.93 | 1.78 | 1.63 | 1.48
log;o unit change 0.29 | 0.30 | 0.00 | 0.00 | 0.00 | 0.00 { 0.75 | 0.30 | 0.15 | -.15
percent improved 22 26 0 0 0 0 64 20 11 -10

18 cpd  logyy CS before 090 | 1.08 | 123 123123 | 130|060 | 1.23 | 0.90 | 1.23
log;, CS after 1.36 | 1.36 | 1.36 | 1.36 | 1.52 | 1.52 | 1.66 | 1.52 | 1.36 | 1.36
logip unit change 0.46 | 0.28 | 0.13 | 0.13 | 0.29 | 0.22 | 1.06 | 0.29 | 0.46 | 0.13

PERCENT IMPROVED 51 27 11 11 23 12 | 176 | 23 51 11

'Contrast sensitivity (CS) is the reciprocal of the contrast at threshold, i.e., one divided by the lowest
contrast at which forms or lines can be recognized. Log of the contrast sensitivity values is a generally
accepted method for comparing contrast sensitivities.

Zepd = cycles per degree for the spatial frequency

*Log unit change = log;o(CS after treatment) - log;o(CS before treatment)

*Percent improved = [log:o(CS after treatment)/logo(CS before treatment)-1] x 100

*Positive control

SPlacebo
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Table 2
Formulation 1 Formulation 2 Saline Solution
(positive control) (study subjects) (placebo)
n=l n=3 n=1
PUPIL DILATION +20% +8% 0%
Snellen Acuity (distance vision) +17.5% +7.5% ~15%
Snellen Acuity (near vision) 0% +10% 0%
Auto refraction +8% +8% 0%
Contrast Sensitivity'
1.5 cpd®  percent improved® 14% 7.5% -4%
log unit change* 0.22 0.12 -0.08
3 cpd percent improved 17% 6.8% 0%
log unit change 0.33 0.12 0
6 cpd percent improved 22% 4% 4%
log unit change 0.38 0.08 0.08
12cpd  percent improved 42% 7.9% 0%
log unit change 0.53 0.10 0
18 cpd  percent improved 99.5% 22.2% 31.0%
log unit change 0.68 0.24 0.26
Wavefront (image tightness) +23% +38% 0%

'Contrast sensitivity (CS) is the reciprocal of the contrast at threshold, i.e., one divided by the lowest
contrast at which forms or lines can be recognized. Log of the contrast sensitivity values is a generally
accepted method for comparing contrast sensitivities.

cpd = cycles per degree for the spatial frequency

Percent improved = [log;o(CS after treatment)/log;o(CS before treatment)-1] x 100

*Log unit change = log;o(CS after treatment) - log;o(CS before treatment)

[000119] Subjects treated with Formulation 1 and Formulation 2 all showed very significant
improvements, including improved smoothness and regularity of the cornea, improved
accommodative/focusing ability, more uniform and stable tear film, and decreased yellowing of the
cornea and lens. Subjects to whom the placebo was given did not exhibit any significant change. All
subjects reported improved ability to see road signs at a distance, brighter and more vivid colors, and
improved night vision.

EXAMPLE 5
[000120] Formulation 1 was evaluated for efficacy in a 46-year-old male subject. Prior to
treatment, the subject had no severe visual problems or eye abnormalities, but he did require bifocals
to correct refractive errors in both eyes.
[000121]  The subject was examined by an independent ophthalmologist prior to treatment and

again following eight weeks of treatment. Tests performed included: Snellen visual acuity
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examinations for distance (20 feet) and near (14 inches) vision, autorefraction, pupil dilation
(pupillometer maximum scotopic pupil size), slit lamp examination, automated corneal topography
mapping, contrast sensitivity (functional acuity contrast test), automated wavefront aberration
mapping, and photographs of the anterior segment.

[000122]  Treatment consisted of the topical instillation of one drop (approximately 0.04 mL) of
Formulation 1 in each eye two to four times per day for eight weeks. Results of this treaiment were as
follows:

[000123]  No irritation, redness, pain, or other adverse effects were observed by the ophthalmologist
or reported by the subject, other than transient minor eye irritation at the time of eye drop
administration.

[000124]  Snellen visual acuity: Using the same refractive correction, distance visual acuity
improved from 20/25+1 to 20/20 in the right eye, and from 20/20-2 to 20/20 in the left eye. Near
vision was unchanged at 20/50 in both eyes.

[000125]  Autorefraction: The right eye was unchanged: spherical -3.75; astigmatism +2.5 at axis of
24 degrees. The left eye showed slight improvement: spherical decreased from -4.00 to -3.75;
astigmatism decreased from +3.50 at 175 degrees to +3.25 at 179 degrees.

[000126] Pupil dilation: Both eyes improved from 5.0 to 6.0 mm.

[000127]  Slit lamp examination: The retinas appeared unchanged, and no cataracts were observed
during either examination.

[000128] Corneal topography: Improved smoothness and regularity of the cornea were observed in
both eyes. The ophthalmologist remarked that the improvement may have been due to a more
uniform and stable tear film.

[000129]  Contrast sensitivity: Measurements are shown in Table 3.

Table 3
CPD* 1.5 3 6 12 18
Eye R L R L R L R L R L
Before 6 7 6 7 5 6 3 5 1 5
After 8 8 9 8 8 8 8 7 8 7

*CPD = cycles per degree (spatial frequency of pattern)

[000130] These data indicate a consistent, significant improvement in contrast sensitivity.
[000131] Automated wavefront mapping: For the right eye, spherical aberration was essentially
unchanged (+0.15660 to +0.15995). Retinal image formation improved from 60x70 to 45x70 minutes

of arc, which represents a 25% tighter image formation. For the left eye: Spherical aberration
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decreased from +0.14512 to 4+0.09509, representing a 34.4% improvement. Retinal image formation
improved with an estimated 20% tighter image.

[000132]  Photographs of anterior segment, FIG. 1A (OD, before treatment), FIG. 1B (OD, after
treatment), FIG. 2A (OS, before treatment), and FIG. 2B (OS, after treatment): Iris color changed to a
darker blue; the degree of change was reported as "striking." The change was likely due to a decrease
in the yellowing of the cornea.

[000133] In addition, the subject reported that, following treatment, he switched to lower power
prescription glasses and no longer required bifocals. He made the following remarks: "I have been.
using the eye drops for about eight weeks, and my eyesight has significantly improved. I can see
colors more vividly. I have replaced my bifocals with my older, lower power non-bifocals. I can see
much better in the distance and do not need reading glasses. My eyes have become a darker blue like

my original eye color, and my night vision has improved."

EXAMPLE 6
[000134] Formulation 1 was evaluated for efficacy in a 60-year-old male subject. Prior to
treatment, the subject had no serious visual problems or eye abnormalities other than refractive errors
in both eyes.
[000135] The subject was examined by an independent ophthalmologist prior to treatment and
again following seven weeks of treatment. Tests performed included: Snellen visual acuity
examinations for distance (20 feet) and near (14 inches) vision, autorefraction, pupil dilation
(pupillometer maximum scotopic pupil size), slit lamp examination, automated corneal topography
mapping, contrast sensitivity (functional acuity contrast test), automated wavefront aberration
mapping, and photographs of the anterior segment.
[000136] Treatment consisted of the topical instillation of one drop (approximately 0.04 mL) of
Formulation 1 in each eye two to four times per day for seven weeks. Results of this treatment were as
follows:
[000137]  No irritation, redness, pain, or other adverse effects were observed by the ophthalmologist
or reported by the subject, other than transient minor eye irritation at the time of eye drop
administration.
[000138]  Snellen visual acuity: Using the same refractive correction (intentionally undercorrected
in the left eye), distance visual acuity remained unchanged at 20/15 in the right eye, and improved
from 20/40-2 to 20/40 in the left eye. Near vision declined from 20/70 to 20/100 in the right eye
(likely due to overcorrection for distance), and improved from 20/40-2 to 20/25 in the left eye.

[000139]  Autorefraction: The right eye had an unchanged spherical measurement
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[000140]  (-6.00) and a slight improvement in astigmatism (+0.75 at 115 degrees to +0.50 at 113
degrees). The left eye showed slight improvement: spherical went from —8.25 to -8.00; astigmatism
was unchanged, from +1.00 at 84 degrees to +1.00 at 82 degrees.

[000141]  Pupil dilation: The right eye improved from 4.0 to 4.5 mm, and the left eye was
unchanged at 4.0 mm.

[000142]  Slit lamp examination: The retinas appeared unchanged, and minimal cataracts were
observed during both examinations.

[000143] Corneal topography: Improved smoothness and regularity of the cornea were observed in
both eyes. The ophthalmologist remarked that the improvement may have been due to a more
uniform and stable tear film.

[000144] Contrast sensitivity: Measurements are shown in Table 4.

Table 4
CPD* 1.5 3 6 12 18
Eye R L R L R L R L R L
Before 8 6 7 6 6 6 4 3 3 4
After 9 8 8 7 7 6 6 5 6

*CPD = cycles per degree (spatial frequency of pattern)

[000145] These data indicate a consistent, significant improvement in contrast sensitivity.

[000146] Automated wavefront mapping: For the right eye: Spherical aberration decreased from
+0.01367 to +0.00425, a 69% improvement. Retinal image formation improved from 80x80 to 70x65
minutes of arc, which represents a 28.9% tighter image formation. For the left eye: Spherical
aberration decreased from +0.04687 to -0.00494, representing a >100% improvement. Retinal image
formation improved from 150x150 to 100x100 minutes of arc, which represents a 33% tighter image
formation. The ophthalmologist remarked at the second examination: "Overall spherical aberration is
closer to that of a young healthy eye rather than a 60-year-old eye."

[000147] Photographs of anterior segment, FIG. 3A (OD, before treatment), FIG. 3B (OD, after
treatment), FIG. 4A (OS, before treatment), and FIG. 4B (OS, after treatment): Observed were an
apparent decrease in lens opacity, reduced yellowing of the crystalline lens, and improved corneal
clarity.

[000148] In addition, the subject stated: "I have used these eye drops for about seven weeks. I can
see a golf ball at 300 yards, whereas it was barely visible at 220 yards before. My vision vastly
improved, especially in seeing road signs in the distance. I see colors much more brightly and

vividly."
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EXAMPLE 7
[000149] The ocular pharmacokinetic behavior of EDTA, when administered as a component of
Formulation 1, was evaluated in rabbits over a period of five days. Two healthy male rabbits, each
approximately 2.5 to 3 kg in body weight, were used for the study.
[000150] Onday 1 of the study, one drop of Formulation 1 was topically instilled in each eye of
both rabbits (four eyes total). No additional eye drops were administered during the course of the
study. Samples of aqueous humor were extracted at 15 min, 30 min, 1 hr, 4 hrs, 3 days, and 5 days
following administration (as indicated in the following table). Vitreous humor was extracted at 5 days
following administration from all four eyes. The concentration of EDTA was measured in all the
samples of aqueous humor and vitreous humor by HPLC analysis.

[000151] The results of the study are summarized in Table 5.

Table 5

Concentration of EDTA (micrograms per milliliter)

Rabbit 101 Rabbit 102
Aqueous humor: Right Eye Left Eye Right Eye Left Eye
15 min 1.3
30 min 10.7
1hr 5.3
4 hrs ‘ 0.9
3 days 0.5 0.4 0.5 0.7
5 days 0.6 0.5 04 0.6
Vitreous humor:
5 days ' 0.6 0.5 0.7 0.6

[000152] Examples 1-7 indicate that topical drops composed of the multifunction agents MSM and
EDTA, with the addition of the L-carnosine AGE breakers, significantly improved the quality of both
day and night vision (visual acuity), greatly improved contrast sensitivity, improved pupil dilation,

produced a more uniform and stable tear film, reduced arcus senilis, and greatly reduced glare and the
discomfort associated with photophobia. No adverse pathological changes or reduction in acuity were

observed.
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EXAMPLE 8
[000153]  In the following in vivo experiment, the ocular pharmacokinetic behavior of EDTA, when
administered with MSM as permeation enhancing penetrating agent, was evaluated in rabbits over a
period of five days. Two healthy male rabbits, each approximately 2.5 to 3 Kg in body weight, were
used for the study.
[000154]  An eye drop formulation of the invention, was prepared as follows: High purity de-
ionized (DI) water (500 ml) was filtered via a 0.2 micron filter. MSM (27 g), EDTA (13 g), and L-
carnosine (5 g) were added to the filtered DI water, and mixed until visual transparency was achieved,
indicating dissolution. The mixture was poured into 10 ml bottles each having a dropper cap. On a

weight percent basis, the eye drops had the following composition:

Purified de-ionized water 91.74 wt.%
MSM 4.95 wt.%
Di-sodium EDTA 2.39 wt.%
L-Carnosine 0.92 wt.%.

[000155] Onday 1 of the study, one drop of Formulation 1 was topically instilled in each eye of
both rabbits (four eyes total). No additional eye drops were administered during the course of the
study. Samples of aqueous humor were extracted at 15 min, 30 min, 1 hr, 4 hrs, 3 days, and 5 days
following administration (as indicated in the following table). Vitreous humor was extracted at 5 days
following administration from all four eyes. The concentration of EDTA was measured in all the
samples of aqueous humor and vitreous humor by HPLC analysis.

[000156] The results of the study are summarized in the following table:

Concentration of EDTA (micrograms per milliliter)

Rabbit 101 Rabbit 102
Aqueous humor: Right Eye Left Eye Right Eye Left Eye
15 min 1.3
30 min 10.7
1 hr 5.3
4 hrs 0.9
3 days 0.5 0.4 0.5 0.7
5 days 0.6 0.5 04 0.6
Vitreous humor:
5 days 0.6 0.5 0.7 0.6
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[000157]  These results show that Formulation 1 delivers EDTA to the anterior chamber of the eye
(aqueous humor) very rapidly: a concentration of 10.7 pg/mL is reached at only 30 minutes following
administration. Because the aqueous humor is completely flushed from the anterior chamber
approximately every 90 minutes, compounds from conventional eye drop formulations are typically
not detected in the aqueous humor at four hours following administration. We, however, observed
significant concentrations of EDTA in the aqueous humor even at five days following administration.
Our data also show that EDTA reached the vitreous humor, where it was present in almost the same
concentration as in the aqueous humor. It is thus likely that the vitreous humor (and probably
adjacent tissues) was acting as a reservoir for the absorbed EDTA, with some of this EDTA diffusing
back into the aqueous humor over time.

[000158] The demonstrated penetration of EDTA from Formulation 1 into the posterior segment of
the eye, including the vitreous humor, indicates the potential of the inventive formulation to deliver
therapeutic agents to the posterior of the eye when administered as eye drops. Such drug delivery to
the posterior of the eye allows for the treatment of many eye conditions, diseases, and disorders,
including age related macular degeneration, macular edema, glaucoma, cell transplant rejection,

infections, and uveitis.

EXAMPLE 9
[000159] Formulation 1 was evaluated for efficacy in treating a male subject in his eighties who
was suffering from cataracts and Salzmann's nodules, whose best correction had been 20/400 in his
left eye and 20/200 in his right eye, and had acute photophobia and glare, as well as severe macular
scarring in the left eye. The formulation was administered to the subject, one drop (approximately
0.04 ml) to each eye, two to four times per day for a period of over 12 months. There were no side
effects, other than minor temporary irritation at the time of administering the formulation in the eye,
were reported or observed by the subject or the ophthalmologist.
[000160]  After 4 weeks into the study, the changes reported by the subject included increased
brightness, improved clarity of vision, and reduced glare. After 8 weeks the glare and photophobia
were reduced, and the subject started to read books, newspapers, and information on the computer
screen again. The visual acuity in his right eye improved significantly, from 20/200 (with correction)
to 20/60 (pinhole) (with the same correction). In his left eye, his visual acuity improved as well, from
20/400 to 20/200 (with the same correction). In his left eye, he continued to have a central dark spot
due to macular scarring.
[000161]  The subject reported a further reduction in glare and photophobia, and further
improvements in the ease of reading books, newspapers, and information on the computer screen.
Subject also reported that nighttime glare had been eliminated. The subject was now comfortable in

daylight without need for dark glasses, and without suffering severe problems with glare. The visual
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acuity in his right eye improved from 20/60 (pinhole) to 20/50 (pinhole) In his left eye his visual
acuity also improved, from 20/200 to 20/160 (with same correction). In his left eye, he continued to
have a central dark spot due to macular scarring.

[000162]  After eight months, the subject's vision in his right eye improved from 20/50 (pinhole) to
20/40 (pinhole) In his left eye his visual acuity improved from 20/160 to 20/100 (with same
correction). The dark spot in the left eye started dissipating, and he could read hazily through the
formerly dark spot. At this time his contrast sensitivity was also measured. His cataracts were
measured at a 4+ (on a scale of 0-4, 4 being the highest). The central macular scar was barely visible
to the ophthalmologist due to haziness of the optical path.

[000163]  After a total of 12 months, the subject’s vision continued to improve. The subject could
now read books, newspapers, and the computer screen without any problems. The subject also
showed improvement in cataracts (went from 4+ to 3-4+ on a 0-4 scale). The optical path clarity had
improved enough that the macular scar was clearly visible to the ophthalmologist. In contrast
sensitivity there was a 40% to 100% improvement. In Snellen acuity, from 20/40 to 20/30 (pinhole)
in his right eye, and from 20/100 to 20/80 in his left eye. The subject also reported that for the first
time in 40 years he could start to see wavy letters through his left eye.

[000164] These results demonstrate that the eye-drc;ps are reaching the retina in the back of the eye,
and the MSM was aiding the penetration of EDTA and L-Carnosine. These results are consistent with

the rabbit study of Example 4.

EXAMPLE 10
[000165] Formulation 1 was evaluated for efficacy in treating a female subject in her sixties who
was having problems with "floaters" in both of her eyes. The formulation was administered to the
subject, one drop (approximately 0.04 ml) to each eye, two to four times per day for a period of over
12 months. There were no side effects, other than minor temporary irritation at the time of
administering the formulation in the eye, were reported or observed by the subject or the
ophthalmologist. B
[000166]  After 8 weeks of using the eye drops, the subject reported a significant reduction in the

floaters, again confirming that medication was reaching the vitreous, and having a beneficial effect.

EXAMPLE 11
[000167] Formulation 1 was evaluated for efficacy in treating a male subject in his fifties who was
had a visual acuity of 20/15 with correction and a very prominent arcus senilis. The formulation was
administered to the subject, one drop (approximately 0.04 ml) to each eye, two to four times per day

for a period of over 12 months. There were no side effects, other than minor temporary irritation at
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the time of administering the formulation in the eye, were reported or observed by the subject or the
ophthalmologist.
[000168] After 16 weeks, the subject reported improvement in visual acuity from 20/25 to 20/15, as

well as very significant reduction in his arcus senilis.

EXAMPLE 12
[000169] An eye drop formulation of the invention, Formulation 3, was prepared as follows:
Approximately 500 m! of high purity de-ionized (DI) water was filtered via a 0.2 micrometer filter
and 27 g of Methylsulfonylmethane (MSM), and 13 g of Ethylenediaminetetraacetic acid disodium
salt, dihydrate (EDTA) were added. The formulation was mixed until visual transparency was
achieved, the pH was adjusted to 7.2 with NaOH, and the volume was adjusted to 500 ml. The
mixture was poured into 10 mL bottles each having a dropper cap. On a weight percent basis, the eye

drops had the following composition:

Purified de-ionized water 92.0 wt. %

MSM 5.40 wt. %

EDTA disodium salt, dihydrate 2.60 wt. %
EXAMPLE 13

[000170] Formulation 3 was evaluated for efficacy for a maximum period of 120 days. Patients
were given either Formulation 3 or the placebo (commercially available unpreserved saline) and
instructed to use one drop (approximately 0.04 ml) to each eye, four times per day. The patients were
randomized to receive either the study formulation or the placebo. Twelve eyes received Formulation
3 while thirteen eyes received the placebo. The study was double-masked, in that neither the patient
nor the ophthalmologist knew whether they were given Formulation 3 eye drops or the placebo.
[000171] Contrast sensitivity was measured under mesopic conditions simulating dusk (3
candles/m?) using the FACT™ (Functio;lal Acuity Contrast Test) and a CST 1800 Digital® contrast
sensitivity tester. Measurements were performed monocularly, in duplicate, for each eye and duplicate
measurements were averaged.

[000172] The FACT™ uses a sine-wave grating chart to test for contrast sensitivity. The chart
consists of five rows (spatial frequencies), each row having nine levels of contrast sensitivity. Sine
wave gratings are special test patterns that appear as varying sizes and contrasts of gray bars set up in
circular patterns. The gratings in spatial frequency A appear as the largest gray bars (longest
wavelength) while the gratings in spatial frequency E appear as the smallest gray bars (shortest
wavelength). While viewing the chart through the CST 1800 Digital® contrast sensitivity tester,
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subjects report the orientation of each grating: right, up or left. For each spatial frequency, there are
nine levels of contrast sensitivity, also called patches. Level 1 has the greatest contrast, while level 9
has the least. The subject reports the orientation of the last grating seen (1 through 9) for each row (A,
B, C,D and E).

[000173] When the FACT is scored, the nine levels of contrast sensitivity are graphed using a
logarithmic scale. An improvement of one level or patch represents approximately a 1.5-fold increase
in contrast sensitivity. To quantify the contrast sensitivity improvement, data from Day 14 (To) were
compared to the last contrast sensitivity data obtained for each subject that completed at least 60 days
of treatment.

[000175] Of the twelve eyes that received Formulation 3, eight eyes (67%) showed a contrast
sensitivity improvement of at least two patches in two spatial frequencies, a statistically significant
result (p = 0.0237). Ofthe thirteen eyes that received the placebo, only three (23%) showed an
improvement of at least two patches in two spatial frequencies.

[000176]  As another measure of contrast sensitivity improvement, the average patch improvement
of the eyes that received Formulation 3 was compared to the group of eyes that received the placebo
for each spatial frequency (FIG. 5). The eyes that received Formulation 3 showed a significant
contrast sensitivity improvement in all spatial frequencies, with an improvement of greater than 2.5
patches in spatial frequency D and an improvement of over 3 patches for spatial frequency E.

[000177] None of the subject reported serious ocular or systemic adverse events.

EXAMPLE 14
[000178] Objective. Determine the extent of penetration of *C - EDTA into the aqueous of the
eye, with and without MSM present, in eye drops applied to rat eyes.
[000179] Reagents. Ethylenediamine tetraacetic acid-1,2-*C tetrasodium was purchased from
Sigma. "*C-EDTA (Specific Activity: 10.6 mCi/mmol, radiochemical purity: 99% or higher). All
other chemicals used in this study were of analytical grade and purchased commercially. ScintiVerse
IT Cocktail (Liquid Scintillation Solvent) was general-purpose LSC Cocktail for aqueous, non-
aqueous, and emulsion counting systems from Fisher Scientific.
[000180] | Animals. Male Sprague-Dawley rats weighing 200-250 g were obtained from Central
Animal Care Services at the University of Texas Medical Branch. The NIH guidelines and ARVO
statement for the Use of Animals in Ophthalmic and Vision Research were strictly followed for the
welfare of the animals. Rats were sacrificed using 100% carbon dioxide at a low flow rate (25-30%
of the volume of the cage per minute) for about 2 minutes.
[000181] Experimental Procedure. 100 pl of each of the following three eye drop solutions were
prepared.
Solution A
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80 pl of 5.4% MSM

10 pl of 600 mM EDTA (Tetrasodium salt EDTA)

10 pl of C' EDTA (Directly from the bottle)
Solution B:

80 pl of 5.4% MSM

10 pl of 120 mM EDTA (Tetrasodium salt EDTA)

10 pl of C'* EDTA (Directly from the bottle)
Solution C:

80 pl of PBS

10 ul of 600 mM EDTA (Tetrasodium salt EDTA)

10 pl of C** EDTA (Directly from the bottle)
[000182] 8 ul of each eye drop solution was applied to the cornea of each of the eyes. One rat was
treated with each solution. At 0.5, 2, and 16 hours, aqueous humor was aspirated from each eye using
a 30-gauge fine needle with an Insulin-syringe and dispensed in 50 pl of PBS. To solubilize the
protein, samples were placed in a 50° C water bath for 3 hours followed by centrifugation at 10,000
rpm for 10 minutes.
[000183] Determination of the radioactivity of the samples. Samples were added to the counting
vials containing 25 ml of ScintiVerse II counting fluid, mixed vigorously and allowed to stand for 1
hour in the dark. The samples were then counted using a Liquid Scintillation counter (LS 1801 Liquid
Scintillation Systems, Beckman Instruments, Inc.). Counts per minute were averaged for the two eyes
that received each solution for each time point.
[000184]  To evaluate the ability of each solution to be transported from the cornea to the aqueous
humor, the amount of *C-EDTA in the aqueous humor was compared between Solutions A, B, and C
(FIG. 6). In the absence of MSM, very little EDTA was present in the aqueous humor, regardless of
the EDTA concentration. At the 30-minute time point, there was an increase of approximately 5-fold

in the amount of “C-EDTA in the aqueous humor in the presence of MSM.

EXAMPLE 15
EDTA PHARMACOKINETIC STUDY

[000185] Objective. Determine the amount of C-14 labeled EDTA that penetrates into the various
structures of the rat eye (cornea, aqueous humor, lens, vitreous, and retina), using eye drops that
contain MSM. A comparison of two different eye drop formulations that differed in their EDTA
concentration,

[000186] Reagents. Ethylenediaminetetra acetic acid-1,2-'*C tetrasodium was purchased from
Sigma. “C-EDTA (Specific Activity: 10.6 mCi/mmol, radiochemical purity: 99% or higher). All

other chemicals used in this study were of analytical grade and purchased commercially. ScintiVerse
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IT Cocktail (Liquid Scintillation Solvent) was general-purpose LSC Cocktail for aqueous, nonaqueous
and emulsion counting systems from Fisher Scientific.
[000187] Animals. Male Sprague-Daw!ley rats weighing 200-250 g were obtained from Central
Animal Care Services at the University of Texas Medical Branch. The NIH guidelines and ARVO
statement for the Use of Animals in Ophthalmic and Vision Research were strictly followed for the
welfare of the animals. Rats were sacrificed using 100% carbon dioxide at a low flow rate (25-30%
of the volume of the cage per minute) for about 2 minutes.
[000188] Eye Drop 1.

60.5mM EDTA

10ul, 5 uCi of “C-EDTA;

10pl of 600mM EDTA,;

80 ul of 5.4% MSM.
[000189] Eye Drop 2.

12.5 mM EDTA

10 pl, 5 pCi of “C-EDTA;

10 pl of 120 mM EDTA;

80 pl of 5.4% MSM.
[000190] 8 ul of Eye Drop 1 was applied to the rats® eyes. After 0.5, 1, 2, 4, and 16 hours, the rats
were sacrificed and the eyeballs removed. The eyeballs were quickly washed 6 times in 5 ml of saline
each time. Aqueous humor was aspirated from both eyes and dispensed in 50 ul of PBS. Cornea,
lens, vitreous and retina from each eye were separated and placed in Eppendorf tubes containing H,O

and 10N NaOH in the following ratio:

Cornea: 200 pl H,O + 40 pl of 10N NaOH;
Lens: 500 ul H,O + 100 ul of 10N NaOH;
Vitreous: 200 pl H,O + 40 pl of 10N NaOH;
Retina: 200 pl HyO + 40 pl of 10N NaOH.

[000191] To solubilize the protein, samples were placed in a 50°C water bath for 3 hours followed
by centrifugation at 10,000 rpm for 10 minutes. Samples were added to the counting vials containing
25ml of ScintiVerse II counting fluid, mixed vigorously and allowed to stand for 1 hour in the dark.
They were then counted using a Beckman Scintillation counter (LS 1801 Liquid Scintillation
Systems, Beckman Instruments, Inc.).

[000192] 8 pl of Eye Drop 2 was applied to the rat eye. After 0.5, 2 and 4 hours, the rats were
sacrificed and the experiment conducted in the same way as for Eye Drop 1.

[000193] To look at the distribution of each formulation in the eye structures, the number of
nanograms of EDTA was calculated for each time point (FIG. 7A). Dose dependency was observed,

particularly in the aqueous humor, the cornea, and the lens. The percentage of EDTA found in each
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eye structure was calculated for the two-hour time point for Eye Drop 1 (FIG. 7B). The majority of
the EDTA was found in the aqueous humor; however, the Eye Drop 1 formulation was present in all

tissues examined.

EXAMPLE 16
EVALUATION OF OXIDATION-INDUCED TOXICITY

IN RAT LENS ORGAN CULTURE (RL.CE)
[000194] Materials. EDTA, Ascorbic acid, and H,O, were purchased from Sigma. All cell culture

medium components were from Invitrogen.

[000195] Animals. Male Sprague-Dawley rats weighing 200-250 g were obtained from Central
Animal Care Services at the University of Texas Medical Branch. The NIH guidelines and ARVO
statement for the Use of Animals in Ophthalmic and Vision Research were strictly followed for the
welfare of the animals. Rats were sacrificed with using 100% carbon dioxide at a low flow rate (25-
30% of the volume of the cage per minute) for about 2 minutes.

[000196] Lens Culture. The rat lenses were dissected and washed with 1%
penicillin/streptomycin in sterile PBS. The lenses were cultured in medium 199 containing 0.1%
gentamicin at 37°C in a 5% CO, humidified atmosphere. The lenses were divided into groups of two
lenses each and were exposed to either glucose or ascorbate with H,O, MSM and/or EDTA. The
medium was changed every day for 7 days. The lenses were visualized under a Nikon Eclipse 200
and photographs were taken using a Multidimensional Imaging System.

[000197] Table 6 - Preparation of Reagents.

Medium M199 + 0.1% gentamicin 250 ml of M199 + 250 pl of gentamicin

400 mM MSM (FW 94.2) 376 mg MSM + PBS to final volume to 10 ml

50 mM EDTA (Tetrasodium Salt FW 380) 190 mg EDTA + PBS 8 ml, adjust pH to 7.2 with
HCI, adjust final volume to 10 ml.

2.5 M glucose (FW 180) 500 mg glucose + 2 ml ddH,O

100 mM ascorbate (FW174) 176 mg ascorbate + 10 ml ddH,0

10 mM H,0, 11 pl of 30% H,0, + ddH,0 to final volume
10 ml.

[000198] Experimental Procedure. 1. Sacrificed seven rats, removed the eyeballs as soon as
possible, and put them into a tubeA containing PBS with 0.1% gentamicin. 2. Dissected the lenses
immediately and washed with PBS. 3. Transferred all lenses to two 12-well plates (2 ml of medium
per well/per lens). Each treatment was performed in 2 wells. Final concentrations for the six

treatments were as follows:
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50 mM glucose

50 mM glucose + 4 mM MSM

50 mM glucose + 4 mM MSM + 0.5 mM EDTA

1 mM ascorbate + 100 tM hydrogen peroxide

1 mM ascorbate + 100 M hydrogen peroxide + 4 mM MSM

I mM ascorbate + 100 M hydrogen peroxide + 4 mM MSM + 0.5 mM EDTA
4. The medium and the reagents were changed every day. 5. After 7 days of lens culture, took
photographs and determined level of light transparency through the lenses.
[000199] Results. Photographs of the lens culture showed that significant rat lens opacity was
induced with both glucose and ascorbate plus hydrogen peroxide (FIGS. 8A and 8B). MSM mitigated
lens opacification by both oxidants; however, MSM plus EDTA provided the most effective
protection.
[000200] The level of light transmission through the lens was used to quantify lens opacity for each
treatment. Consistent with the photographic results, MSM improved the level of light transmission for
both oxidative treatments, while MSM + EDTA gave an even greater improvement (FIG. 9). Light
transmission through the lens treated with ascorbate/hydrogen peroxide (AH) was 32% of light
transmission through the control (upper graph). Light transmission through the lenses treated with
ascorbate/hydrogen peroxide and MSM (AH + M) and ascorbate/hydrogen peroxide and MSM/EDTA
(AH + ME) were 57% and 66% respectively. A similar pattern was observed when 50 mM Glucose
was used as the oxidant (lower graph). Light transmission through the lens treated with glucose was
only 45% of light transmission through the untreated control. Light transmission through the lenses
treated with glucose plus MSM (G + M) and glucose and MSM/EDTA (G + ME) were 68% and 92%

respectively.

EXAMPLE 17
EVALUATION OF CELL VIABILITY FOLLOWING OXIDATION-INDUCED TOXICITY IN HUMAN LENS

EPITHELIAL CELLS (HLLEC) AND PROTECTION WITH MSM AND/OR EDTA

[000201] Materials. EDTA (Tetrasodium Salt), Ferrous ammonium sulfate, Ferric chloride,

Adenosine 5’-diphosphate (ADP), Ascorbic acid, and HO, were purchased from Sigma. All cell
culture medium components were from Invitrogen.

[000202] Cell Culture and Treatment. Human lens epithelial cells (HLECs) with extended life
span were cultured in DMEM medium containing 0.1% Gentamicin and supplemented with 20% fetal
bovine serum at 37°C in a 5% CO, humidified atmosphere. 1.0x10° HLECs /ml (Passage 5) were
seeded in 12-well plate overnight prior to the addition of oxidation reagents and MSM and/or EDTA.
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[000203]  Cell Viability. Cell survival was determined by Trypan Blue staining and counting with
a hemocytometer. Dead cells stain blue, while live cells exclude Trypan Blue. Cell viability is
represented as percentage of the number of live cells/number of total cells.

[000204] Preparation of Reagents.

HLEC medium DMEM -+ 20% FBS + 0.1% gentamicin

400 mM MSM 376 mg/10 ml PBS for stock

50 mM EDTA (Tetrasodium Salt) 190 mg/10 ml PBS for stock, pH 7.2

Hydrogen peroxide 30 mM stock

5 M Glucose 1800 mg/10 m! of ddH,0

100 mM Ascorbate 176 mg/10 ml of ddH,0

Fenton Ferrous ammonium sulfate (FAS) 1 mM, ADP 10 mM,
H,0, 10 mM

Fenton’ FAS 1 mM, ADP 10 mM, H,O, 10 mM

Ferric Chloride FeCl; 5SmM, EDTA 5mM, H,0, 20mM

[000205] Experimental Procedure. 1. Seeded 0.5x10° /ml of HLEC (Passage 5) into three 12-
well plates, incubated at 37°C for overnight. 2. Changed medium to 2% FBS DMEM medium. 3.
Added the oxidation reagents and MSM and/or EDTA to the proper wells. Final concentrations were
as follows:

4 mM MSM

0.5 mM EDTA

100 pM H,0,

50 mM glucose

1 mM ascorbate

Fenton: Ferrous ammonium sulfate (FAS) 10 uM, ADP 100 uM, H,0, 100 pM

Fenton’: FAS 10uM, ADP 100 pM, H,0, 100 pM

Ferric Chloride: FeCl; 50 uM, EDTA 50 uM, H,0, 200 uM
[000206]  After adding oxidation reagents and MSM and/or EDTA, cells were incubated at 37°C
with 5% CO, and 95% air for 16 hrs, and harvested with 0.25%Trypsin-EDTA and cell viability
determined with Trypan-Blue.
[000207] Results. FIG. 10 shows the percent of cell viability under each condition. The oxidants
decreased cell viability between 30% (Fenton) and almost 45% (ascorbate + H,0,). The addition of 4
mM MSM increased the percent cell viability for all oxidants, while the addition of 4 mM MSM with
0.5 mM EDTA gave a greater increase in the percentage of viable cells. A Chi Square test was
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performed to determine whether the protective effects of MSM/EDTA were statistically significant.
For those wells containing an oxidant plus the MSM/EDTA mixture, statistically significant results (P

value of less than 0.05) were obtained for all oxidants except Fenton.

EXAMPLE 18
INTESTINAL MEMBRANE PERMEATION WITH MSM AS

PERMEATION ENHANCER AND METHYLENE BLUE AS ACTIVE

[000208] The following example was designed to show how the presence of MSM in the donor
solution of an in vitro drug permeation experiment improves the permeation of other formula
ingredients (actives) through animal membrane tissues. In this experiment we selected methylene
blue as the species for which permeation enhancement was desired. As tissue model for this
experiment we selected porcine intestinal membrane.

[000209] A small glass vial was filled with test solution and capped with the test membrane (tissue
layer of defined thickness). The membrane tissue was hold in place with a rubber O-ring and a screw
cap of defined surface area opening. This test unit was immersed into a large glass vial filled with
receptor medium. From this large glass vial, small sample receptor medium volumes were
periodically removed for analysis.

[000210] Table 6 shows the experimental parameters for Example 18.

Materials
Membrane Porcine Intestinal Membrane Casing - used in sausage MFG
Active methylene blue, 0.5 mg/mL water

Plus Enhancer | MSM, 27 mg/mL water

Experimental
Donor vial 2 ml screw cap HPLC vials with septum cap
Gasket Rubber O-rings to secure membrane

Receptor vials | 100 ml water, Periodically remove samples for analysis

Analysis Bausch & Lomb Spectronic 21, Absorbance at 668 nm

Control methylene blue, 0.5 mg/mL water

Table 6: Experimental parameters for Example 18.
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[000211] Table 7 shows the analytical data for Example 18.

Time (Hr) Control MSM
0.55 0.021 0.023
1.9 0.061 0.176
2.9 ‘ 0.162 0.323
4 0.234 0.433
5.7 0.283 0.563
6.9 0.408 0.738

Table 7: Analytical data for Example 18

[000212]  As shown in FIG. 11, the cumulative permeation of methylene blue through porcine
intestinal membrane is enhanced by approximately a factor of 2 when MSM is present in the donor
solution. The drug diffusion follows a linear relationship, as predicted by Fick’s law for passive
diffusion.

[000213]  As proven by this experiment, the presence of MSM is capable of increasing the

permeation rate of methylene blue through porcine intestinal membrane.

EXAMPLE 19
BOVINE CORNEA PENETRATION WITH MSM AS

PERMEATION ENHANCER AND METHYLENE BLUE AS ACTIVE

[000214]  In this example the same principal study design and protocol was used as described in
Example 18. In this experiment, we selected methylene blue again as the species for which
permeation enhancement was desired; however, as tissue model we selected bovine cornea. The
bovine cornea was dissected from bovine eyes procured from slaughterhouses. We selected bovine
cornea tissue as the test membrane because it is known to be a very difficult membrane to penetrate.

Bovine cornea is about 4-6 times thicker than the human corneal membrane.
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[000215] Table 8 shows the experimental parameters for Example 19,

Materials
Membrane Bovine Cornea dissected from bovine eye
Active methylene blue, 0.5 mg/mL water

Plus Enhancer

MSM, 27 mg/mL water

Experimental

Donor vial 2 ml screw cap HPLC vials with septum cap

Gasket Rubber O-rings to secure membrane

Receptor vials | 100 ml water, Periodically remove samples for analysis
Analysis Bausch & Lomb Spectronic 21, Absorbance @ 668 nm
Control methylene blue, 0.5 mg/mL water

Table 8: Experimental parameters for Example 19

[000216] Table 9 shows the analytical data fof Example 19.

Time (Hr) Control MSM
43.5 0.024 0.093
52.75 0.03 0.13

65 0.035 0.163
75.5 0.042 0.195
89 0.057 0.213
97.5 0.076 0.265

Table 9: Analytical data for Example 19

[000217] As shown in FIG-: 12, the cumulative permeation of methylene blue through bovine

cornea is enhanced by more than a factor of 3 when MSM is present in the donor solution. The drug

diffusion follows a linear relationship, as predicted by Fick’s law for passive diffusion. Furthermore,

the lag time is reduced from about 24 hours to less than 12 hours.
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EXAMPLE 20
INTESTINAL MEMBRANE PERMEATION WITH MSM AS

PERMEATION ENHANCER AND CIPROFLOXACIN AS ACTIVE

[000218] In this example the same principal study design and protocol was used as described in
Example 18. Here we selected the antibiotic ciprofloxacin as the species for which permeation
enhancement was desired. The tissue model was porcine intestinal membrane.

[000219] Table 10 shows the experimental parameters for Example 20.

Materials

Membrane Porcine Intestinal Membrane Casing - used in sausage
manufacturing

Active Ciprofloxacin, 0.5 mg/mL water

Plus Enhancer | MSM, 90 mg/mL water

Experimental
Donor vial 2 ml screw cap HPLC vials with septum cap
Gasket Rubber O-rings to secure membrane

Receptor vials | 100 ml water, Periodically remove samples for analysis

Analysis Bausch & Lomb Spectronic 21, Absorbance @ 275 nm

Control Ciprofloxacin, 0.5 mg/ml, water

Table 10: Experimental parameters for Example 20

[000220] Table 11 shows the analytical data for Example 20.

Time (Hr) Control MSM
0.17 , 0.041 0.039
0.37 0.046 0.066
0.60 0.055 0.092
0.83 0.065 0.112
1.17 0.089 0.163
1.37 0.099 0.18

1.67 0.101 0.191
1.85 0.115 0.224
2.00 0.118 0.255
3.83 0.185 0.388

Table 11: Analytical data for Example 10
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[000221]  As shown in FIG. 13, the cumulative permeation of ciprofloxacin through porcine
intestinal membrane is enhanced by more than a factor of 2 when MSM is present in the donor
solution. The drug diffusion follows a linear relationship, as predicted by Fick’s law for passive
diffusion.

[000222] As proven by this experiment the presence of MSM is capable of increasing the

permeation rate of ciprofloxacin through porcine intestinal membrane.

EXAMPLE 21
INTESTINAL MEMBRANE PERMEATION WITH MSM AS PERMEATION ENHANCER AND

CIPROFLOXACIN-HCL AS ACTIVE AND EDTA AS ADDITIONAL INGREDIENT

[000223] In this example the same principal study design and protocol was used as described in
Example 18. Here we selected the antibiotic ciprofloxacin-HCI as the species for which permeation
enhancement was desired. An additional ingredient (EDTA) was added to the solution to explore its
effect. The tissue model was porcine intestinal membrane.

[000224] Table 12 shows the experimental parameters for Example 21.

Materials

Membrane Porcine Intestinal Membrane Casing - used in sausage MFG
Active Ciprofloxacin-HCl, 0.54 mg/mL water

Plus Enhancer | MSM, 150 mg/mL water

Plus other EDTA, 26 mg EDTA/ ml water

Experimental

Donor vial 2 ml screw cap HPLC vials with septum cap

Gasket Rubber O-rings to secure membfane

Receptor vials | 100 ml water, Periodically remove samples for analysis

Analysis Bausch & Lomb Spectronic 21, Absorbance @ 275 nm
Control A Ciprofloxacin-HC] no MSM, no EDTA
Control B Ciprofloxacin-HCIl no MSM, w/EDTA
Control C Ciprofloxacin-HCl w/MSM, no EDTA

Table 12: Experimental parameters for Example 21
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[000225] Table 13 shows the analytical data for Example 21.

Time | A: no MSM/EDTA B: no MSM w/EDTA | C: w/MSM no EDTA | w/MSM+EDTA
0.1 |[0.031 0.039 0.037 0.035
0.4 |0.05 0.058 0.059 0.077
0.8 |0.102 0.137 0.134 0.126
1.4 0.123 0.204 0.196 0.177
2 0.162 0.273 0.25 0.239
3.1 (0218 0.402 0.41 0.362
5 0.335 0.559 0.579 0.515

Table 13: Analytical data for Example 21
[000226]  As shown in FIG. 14, the cumulative permeation of ciprofloxacin-HCl through porcine
intestinal membrane is enhanced by about a factor of two when MSM or EDTA or both are present in
the donor solution. The drug diffusion follows a linear relationship, as predicted by Fick’s law for
passive diffusion.
[000227]  As proven by this experiment, the presence of MSM is capable of increasing the
permeation rate of ciprofloxacin-HCI through porcine intestinal membrane. EDTA has an enhancing
effect, too. However, when both compounds are present in the donor solution, the permeation rate of

ciprofloxacin-HCl is not further increased beyond that of the single enhancer solution.

EXAMPLE 22
INTESTINAL MEMBRANE PERMEATION WITH MSM AS PERMEATION ENHANCER AND

CIPROFLOXACIN-HCL AS ACTIVE AND EDTA AS ADDITIONAL INGREDIENT

(REPEAT OF EXAMPLE 21)

[000228]  This is a direct repeat of Example 21, with the membrane was replaced by a different lot.
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_49.

Table 14 shows the experimental parameters for Example 22.

PCT/US2006/027685

Materials

Membrane

Porcine Intestinal Membrane Casing — Lot#2

Active

Ciprofloxacin-HCI, 0.54 mg/mL water

Plus Enhancer

MSM, 90 mg/mL water

Plus other

EDTA, 26 mg EDTA/ ml water

Experimental

Donor vial

2 ml screw cap HPLC vials with septum cap

Gasket

Rubber O-rings to secure membrane

Receptor vials

100 ml water, Periodically remove samples for analysis

Analysis

Bausch & Lomb Spectronic 21, Absorbance @ 275 nm

Control A

Ciprofloxacin-HCI no MSM, no EDTA

Control B

Ciprofloxacin-HCIl no MSM, w/EDTA

Control C

Ciprofloxacin-HCl w/MSM, no EDTA

Table 14: Experimental parameters for Example 22

[000230] Table 15 shows the analytical data for Example 22.

Time | A: no MSM/EDTA | B: no MSM w/EDTA ELVTYTSM no w/MSM-+EDTA
0.1 |0.031 0.039 0.037 0.035
04 |0.05 0.058 0.059 0.077
0.8 |0.102 0.137 0.134 0.126
14 |0.123 0.204 0.196 0.177
2 0.162 0.273 0.25 0.239
31 |0218 0.402 0.41 0.362
5 0.335 0.559 0.579 0.515
02 | 0.043 0.051 0.056 0.064
0.7 |0.066 0.09 0.104 0.107
1.5 |0.13 0.169 0.203 0.2

3 0.217 0.299 0.369 0.34
43 0272 0.412 0.514 0.46

Table 15: Analytical data for Example 22
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[000231]  As shown in FIG. 15, the cumulative permeation of ciprofloxacin-HCI through porcine
intestinal membrane is enhanced by about a factor of two when MSM or EDTA or both are present in
the donor solution. The drug diffusion follows a linear relationship, as predicted by Fick’s law for
passive diffusion.

[000232]  As proven by this experiment, the presence of MSM is capable of increasing the
permeation rate of ciprofloxacin-HCI through porcine intestinal membrane. EDTA has an enhancing
effect, too. However, when both compounds are present in the donor solution, the permeation rate of
ciprofloxacin-HCI is not further increased beyond that of the single enhancer solution. The

experiment shows excellent reproducibility.

EXAMPLE 23
INTESTINAL MEMBRANE PERMEATION WITH MSM AS

PERMEATION ENHANCER AND L-CARNOSINE AS ACTIVE AGENT

[000233]  The same study design and experimental setup was used as described in the above
experiments.

[000234] At 27 mg MSM/ml, there was no effect on the diffusion rate of L-carnosine. Only at a
high MSM concentration (90 mg MSM/mL) was there a measurable modest increase of permeation

(about 2.5% over control).

EXAMPLE 24
INTESTINAL, MEMBRANE PERMEATION WiTH MSM

AS PERMEATION ENHANCER AND GLUTATHIONE AS ACTIVE

[000235] The same study design and experimental setup was used as described in the above
experiments.

[000236] At 54 mg MSM/ml, there was no effect on the diffusion rate of glutathione.

EXAMPLE 25
INTESTINAL MEMBRANE PERMEATION WiTH MSM

AS PERMEATION ENHANCER AND DEXAMETHASONE AS ACTIVE

[000237] The same study design and experimental setup was used as described in the above
experiments.

[000238] At 27 mg MSM/ml, there was a 25% increase on the diffusion rate of dexamethasone. At
high MSM concentrations (200 mg MSM/mL), the dexamethasone permeation increased by

approximately 50% over control.
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EXAMPLE 26
DEXAMETHASONE SOLUBILITY EXPERIMENT

[000239]  The water solubility of dexamethasone at room temperature is 10 mg/100 mL. Atan
MSM concentration of 30 mg/mL, the dexamethasone is not significantly increased. Increasing the
MSM concentration to 250 mg/mL, dexamethasone solubility increased to 45 mg/100 mL.

[000240] Conclusion: MSM at higher concentrations had a significant effect on dexamethasone

solubility.
Table 16: Solubility of Dexamethasone with Increasing MSM Concentration
MSM (mg/ml) Dexamethasone (mg/ml)
30 0.16
50 0.175
100 0.19
150 0.27
200 0.34
250 0.45
EXAMPLE 27

MSM PERMEATION ENHANCEMENT MODALITY ASSESSMENT — SOLVENT-TYPE ENHANCER

[000241] This experiment was designed to investigate if there is a long-lasting enhancement effect
of MSM, i.e,, if there is a long-lasting disruption of membrane permeability after the formula was
removed or washed-out after application.

[000242] There are two major classes of permeation enhancers: plasticizer-type enhancers that
disrupt the order or structure of the diffusion barrier to create “spaces” for the active to permeate, and
solvent-type enhancers that increase the solubility profile in the tissue of interest.

[000243] MSM is a small molecule, with a structure somewhat analogous to water (small molecule
with oxygen available for hydrogen bonding with water and other molecules) as well as having 2
methyl groups, which can interact with hydrocarbons of organic molecules. MSM does not have large
hydrocarbon chains which can disrupt membranes, so it is not likely to act as a “plasticizer-type”
enhancer. The most likely mode of action for MSM is that it acts like a “solvent-type” enhancer.
Among solvents, MSM is unusual because it is a solid, it is very soluble in water, it can easily form
hydrogen bonds with other molecules, including water (based on its structure), and it has a degree of
hydrophobicity due to its two methyl groups. The experiment with dexamethasone demonstrated its
“solvent” ability. Being a solvent-type enhancer and being so soluble, MSM’s residence time in the

tissue is thought to be limited and only existing if a donor solution is present.
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[000244]  In this example, the same principal study design and protocol was used as described in
Example 8. Methylene blue was the active. The tissue model was porcine intestinal membrane,
which was pre-treated. In this experiment all membranes were soaked for 24 hours in a MSM
containing pre-treatment solution. Only for the “Control” and “MSM-Enhanced” experiment, the
soaking solution did not contain MSM. After the 24-hour soaking period, “Test A” membrane was
thoroughly washed, while “Test B” membrane was only briefly rinsed. Those membrane specimens
were then mounted as described earlier on methylene blue containing glass vials, which were then
immersed as described earlier into a larger glass vial containing receptor medium containing. Only

the MSM-enhanced donor solution contained, besides methylene blue, also MSM for enhancement

purposes.
Control: No MSM in 24-hour pre-treatment, no MSM enhancer in donor
Test A: 24-hour MSM pretreatment w/thorough washing, no MSM enhancer
Test B: 24-hour MSM pretreatment w/brief rinsing, no MSM enhancer

MSM-enhanced: No MSM in 24-hour pre-treatment, w/MSM enhancer

[000245] Table 17 shows the experimental parameters for the current example:

Materials

Membrane Porcine Intestinal Membrane Casing - used in sausage manufacturing
Active Methylene blue, 0.5 mg/mL water

Plus Enhancer MSM, 50 mg/mL water

Soaking Medium | No MSM in 24-hour pre-treatment

Experimental

Donor vial 2 ml screw cap HPLC vials with septum cap

Gasket Rubber O-rings to secure membrane

Soaking Medium | MSM, 50 mg/mL water

Pre-treatment 24 hours

Receptor vials 100 ml water, Periodically remove samples for analysis
Analysis Bausch & Lomb Spectronic 21, Absorbance @ 668 nm
Control No MSM pre-treatment, no MSM enhancer

Test A MSM pretreatment w/thorough washing, no MSM enhancer
Test B MSM pretreatment w/brief rinsing, no MSM enhancer

Table 17: Experimental parameters for Example 27
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[000246] Table 18 shows the analytical data for the present example.

Time | Control Test A Test B MSM-enhanced
0.27 |0.01 0.01 0.019

0.50 |0.025 0.031 0.041 0.06

0.75 |0.037 0.043 0.055

1.00 | 0.052 0.064 0.079 0.13

1.50 |0.078 0.089 0.118 0.204

2.00 |0.114 0.125 0.16 0.281

24.00 | 0.92 - 0.939 1.112 1.393

Table 18: Analytical data for Example 27
[000247] InFIG. 16, the cumulative permeation of methylene blue though pre-treated porcine
intestinal membrane is shown. As observed before, the enhanced solution generates an approximately
2 times larger methylene blue permeation rate. The MSM-pretreated membrane sample shows a
slightly higher methylene permeation, as one would predict due to the still remaining MSM in the
tissue. When the tissue was washed thoroughly, there was no detectable remaining enhancement
effect and the observed permeation rate was essentially the same as for virgin tissue, although some
remaining enhancement can be discerned.
[000248] As proven by this experiment, the presence of MSM is capable of increasing the
permeation rate of methylene blue through porcine intestinal membrane. There is some remaining
enhancement when the membrane was pre-loaded with MSM and no thorough washing (elution of the

MSM from the membrane tissue) was initiated.
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CLAIMS
1. A method for treating an adverse ocular condition, the method comprising administering to
the eye of an affected individual an ophthalmic formulation comprised of (a) a therapeutically

effective amount of an ophthalmologically active agent, (b) a noncytotoxic sequestrant of metal

cations, (c) a transport enhancer having the structure of formula (I)
U R'—Q—R?2
wherein Q is S or P, and R! and R? are independently selected from C;-Cj alkyl, C;-Cs heteroalkyl,
C6-Cyq aralkyl, and C,-Cy; heteroaralkyl, and (d) a pharmaceutically acceptable vehicle.
2. The method of claim 1, wherein the noncytotoxic sequestrant is a chelating agent.

3. The method of claim 2, wherein the chelating agent is a basic addition salt of a polyacid.

4. The method of claim 3, wherein the polyacid is selected from polycarboxylic acids,

polysulfonic acids, and polyphosphonic acids.
5. The method of claim 4, wherein the polyacid is a polycarboxylic acid.

6. The method of claim 1, wherein R' and R® are independently selected from C;-Cj alkyl,
C1-C; heteroalkyl, Cq-Cg aralkyl, and C4-Cyg heteroaralkyl, and Q is S.

7. The m;thod of claim 6, wherein R! and R? are C;-C; alkyl.
8. The method of claim 7, wherein R' and R? are methyl.

9. The method of claim 1, wherein the noncytotoxic sequestrant is a basic addition salt of a

tetracarboxylic acid, the transport enhancer has the structure of formula (I)

0
O |
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wherein R and R? are independently selected from C,-C; alkyl, C;-C; heteroalkyl, Cs-Cy aralkyl, and
C4-Cyp heteroaralkyl, and Q is S or P, the molar ratio of the transport enhancer to the chelating agent is

in the range of 2:1 to 12:1, and the vehicle is an aqueous vehicle.

10. The method of claim 9, wherein the molar ratio of the transport enhancer to the chelating

agent is in the range of 4:1 to 10:1.

11. The method of claim 10, wherein the molar ratio of the transport enhancer to the

chelating agent is about 8:1.
12. The method of claim 9, wherein the formulation is administered in the form of eye drops.
13. An ophthalmic formulation comprised of (a) a therapeutically effective amount of an

ophthalmologically active agent, (b) a noncytotoxic sequestrant of metal cations, (c) a transport

enhancer having the structure of formula (I)

) R'—Q—R?
wherein Q is S or P, and R!and R? are independently selected from C;-Cs alkyl, C;-C¢ heteroalkyl,
C4-Cy4 aralkyl, and C,-C, heteroaralkyl, and (d) a pharmaceutically acceptable vehicle.

14. The formulation of claim 13, wherein the noncytotoxic sequestrant is a chelating agent.

15. The formulation of claim 14, wherein the chelating agent is a basic addition salt of a

polyacid.

16. The formulation of claim 15, wherein the polyacid is selected from polycarboxylic acids,

polysulfonic acids, and polyphosphonic acids.
17. The formulation of claim 16, wherein the polyacid is a polycarboxylic acid.

18. The formulation of claim 13, wherein R! and R? are independently selected from C;-Cs
alkyl, C,-Cs heteroalkyl, C¢-Cs aralkyl, and Cy-Cio heteroaralkyl, and Q is S.
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19. The formulation of claim 18, wherein R' and R? are C;-C, alkyl.
20. The formulation of claim 19, wherein R' and R? are methyl.

21. The formulation of claim 13, wherein the noncytotoxic sequestrant is a basic addition salt

of a tetracarboxylic acid, the transport enhancer has the structure of formula (I)

|
(I) R'l.__. Q'_R2

wherein R! and R? are independently selected from C;-C; alkyl, C;-C; heteroalkyl, C¢-Cs aralkyl, and
C4-Ciyo heteroaralkyl, and Q is S or P, the molar ratio of the transport enhancer to the chelating agent is

in the range of 2:1 to 12:1, and the vehicle is an aqueous vehicle.

22. The formulation of claim 21, wherein the molar ratio of the transport enhancer to the

chelating agent is in the range of 4:1 to 10:1.

23. The formulation of claim 22, wherein the molar ratio of the transport enhancer to the

chelating agent is about 8:1.

24. A sterile ocular insert for delivery of an ophthalmic formulation to the eye, comprising a
controlled release implant housing the formulation of claim 13 and suitable for implantation into the

conjunctiva, sclera, pars plana, anterior segment or the posterior segment of the eye.

25. A sterile ocular insert for delivery of an ophthalmic formulation to the eye, comprising a
controlled release implant housing the formulation of claim 21 and suitable for implantation into the

conjunctiva, sclera, pars plana, anterior segment or the posterior segment of the eye.

26. A sterile ophthalmic formulation for the treatment of an ophthalmic condition comprising
methylsulfonylmethane and an amount of an ophthalmologically active agent effective for the

treatment of that condition in a pharmaceutically acceptable carrier.
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27. The ophthalmic formulation of claim 26, wherein the methylsulfonylmethane is present

in an amount of at least about 1% by weight.

28. The ophthalmic formulation of claim 26, wherein the pharmaceutically acceptable carrier

is at least partially aquéous.

29. The ophthalmic formulation of claim 26, wherein the ophthalmologically active agent is

an antioxidant.

30. The ophthalmic formulation of claim 29, wherein the antioxidant is vitamin A, vitamin C,

vitamin E, lycopene, selenium, alpha-lipoic acid, coenzyme Q, glutathione, or a carotenoid.

31. The ophthalmic formulation of claim 26, wherein the ophthalmologically active agent is a

metal complexer.

32. The ophthalmic formulation of claim 26, wherein the ophthalmologically active agent is a

non-steroidal antiinflamatory drug.

33. The ophthalmic formulation of claim 26, wherein the ophthalmologically active agent is

an antibiotic.

34. The ophthalmic formulation of claim 26, wherein the ophthalmologically active agent is

an antithistamine.

35. The ophthalmic formulation of claim 26, wherein the ophthalmologically active agent is
selected from aceclidine, acetazolamide, anecortave, apraclonidine, atropine, azapentacene, azelastine,
bacitracin, befunolol, betamethasone, betaxolol, bimatoprost, brimonidine, brinzc:lamide, carbachol,
carteolol, celecoxib, chloramphenicol, chlortetracycline, ciprofloxacin, cromoglycate, cromolyn,
cyclopentolate, cyclosporin, dapiprazole, demecarium, dexamethasone, diclofenac, dichlorphenamide,
dipivefrin, dorzolamide, echothiophate, emedastine, epinastine, epinephrine, erythromycin,
ethoxzolamide, eucatropine, fludrocortisone, fluorometholone, flurbiprofen, fomivirsen, framycetin,
ganciclovir, gatifloxacin, gentamycin, homatropine, hydrocortisone, idoxuridine, indomethacin,
isoflurophate, ketorolac, ketotifen, latanoprost, levobetaxolol, levobunolol, levocabastine,
levofloxacin, lodoxamide, loteprednol, medrysone, methazolamide, metipranolol, moxifloxacin,
naphazoline, natamycin, nedocromil, neomycin, norfloxacin, ofloxacin, olopatadine, oxymetazoline,

pemirolast, pegaptanib, phenylephrine, physostigmine, pilocarpine, pindolol, pirenoxine, polymyxin
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B, prednisolone, proparacaine, ranibizumab, rimexolone, scopolamine, sezolamide, squalamine,
sulfacetamide, suprofen, tetracaine, tetracyclin, tetrahydrozoline, tetryzoline, timolol, tobramyecin,
travoprost, triamcinulone, trifluoromethazolamide, trifluridine, trimethoprim, tropicamide,
unoprostone, vidarbine, xylometazoline, pharmaceutically acceptable salts thereof, and combinations

thereof.

36. The ophthalmic formulation of claim 26, wherein the ophthalmic condition is selected
from macular degeneration, cataract, secondary cataract, glaucoma, elevated intraocular pressure,

diabetic retinopathy, infection, allergy, itch, and inflammation.

37. A method for treating an individual suffering from an ocular disorder, the method

omprising topically administering the formulation of claim 26 to the eye of the individual.
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