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THERAPEUTIC FORMULATION AND METHODS OF TREATHMENT

CROSS-REFERENCE TO RELATED APPLICATIONS
{00017 This applicstion claims the benefit of U.S. Provisional Application No.
61/6568,304, filed June 11, 2012, which Is incorporated herein by reference in s

ertirsty.

TECHNICAL FIELD
{00021 The subject matter described herein relales to formulations and treatment of
ihe eyes therewith.

BACKGROUND

[00031  Aging is a chronic process causing degeneration of cells, tissues, and
organs, including choreoidal blood vessels, retinal pigment epithelium cells (RPEC) and
Bruch's membrane of the eye. Arteriosclerotic aging changes choroidal blood vessels,
particutarly the macular chorio-capiliaris resulling in a decrease in total capiliary blood
flow. As a resull, retinal pigment epithelium staris to accumulate drusen and
finofuscin, alters cell shape, density, pigmentation, lysosomal activity and extracellular
matrix formation.  Gradually, Bruch's membrane shows thickening and decreased
parmeabiiity, resulting in breakdown that can allow choroidal neovascularization
(CNV) fo appear, which ullimately resulis in neovascular age-related macular
degeneration (also wet age-related macular degeneration) and blindness. Clinical
evidence has suggested that ischemia or decreases in choroidal blood flow may be
associated with a number of sericus retinal diseases, including age-relaied macular
degeneration (AMD or ARMD} (Grunwald et af., 1988, Invest Ophthalmol Vis Soi.,
38(2):365-390; Grunwald et al, 2005, Invest Ophthaimot Vis Sci., 46{3):1033-1038;
Ciula et al., 1986, Am J. Ophthalmol, 128(1):75-80; Metelitsina et al., 2008, Br J
Ophthalmol, 90(3)342-348; Metelitsina et al,, 2008, Invest Ophthalmol Vis Sci,
49(1):358-363). Both ocular and systemic vascular factors, such as systemic
hyperiension and ocular hyperiension, are thought fo play a role in the development of
AMD and in choroidal neovascularization (Metelitsina 2006; Metelitsing 2008; U.S.
Patent No. 5,500,230 to NMathanson et al.}. Thus, there is a need to identity agents
that prevent choroidal neovascularization and/or increase choroldal blood flow.

{0004] Numerous methods have been altempled to treat age-related macular

degeneration without success. They include laser photocoagulation for choroidal
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necovascularization, radiation freatment, transpupiliary thermotherapy of subfoveal
occult choroidal neovascularization, submacular surgery, limited macular
translocation, adjuncts in surgery, argon laser to drusen, infrared diode laser
photocoagulation for treatment of wet AMD. Recently, compositions for treating the
non-neovascular or dry AMD comprising hypotensive agents, such as hydralazine, were
described in U.S. Patent No. 8,088,773 to Chiou, which is incorporated by reference
herein.

[0005] The foregoing examples of the related art and limitations related therewith
are intended to be illustrative and not exclusive. Other limitations of the related art will
become apparent {o those of skill in the art upon a reading of the specification and a

study of the drawings.

SUMMARY
[0006] The following aspects and embodiments thereof described and illustrated
below are meant to be exemplary and illustrative, not limiting in scope.
[0607] Ophthalmic compositions are described. In one embodiment, the ophthalmic
composition comprises a pharmaceutically active drug comprising hydralazine in an
amount between about 0.02-2 wit%, and one or more of: one or more buffer solutions having
a pH of between 3.5-4.5; one or more chelating agents; one or more isotonicity agents; one
or more preservatives; one or more viscosity enhancers, and one or more diluents. in an
embodiment, the composition has a pH of between 4.0-4.4.
[00072] In one aspect, there is provided an ophthalmic composition, comprising:

a pharmaceutically active drug comprising hydralazine in an amount between about
0.02-2 wi%;

an acetate buffer solution having pH of between 3.9-4.5 in an amount between 8-12
wi%;

propyiene glycol in an amount between 0.5-2 wi%);

sodium chloride in an amount between 0.25-1 wi%;

methylparaben in an amount between 0.015-0.06 wi%;

benzalkonium chioride in the form of a 50% solution, present in an amount between
0.01-0.04 wi%; and

edetate disodium in an amount between 0.008-0.030 wi%;

wherein said composition has a pH of between 4.0-4.4;

wherein a decrease in the wt% of the active drug is less than about 10% after one
month storage.
in  another embodiment, the ophthalmic composition comprises a

pharmaceutically active drug comprising hydralazine in an amount between about 0.02-
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2 wt%; an acetate buffer solution having pH of between 3.9-4.5 in an amount between 8-
12 wt%; propylene glycol in an amount between 0.5-2 wt%; socdium chloride in an
amount between 0.25-1 wi%,; methylparaben in an amount between 0.015-0.06 wt%;
benzalkonium chloride in the form of a 50% solution, present in an amount between
0.01-0.04 wt%, and edetate disodium in an amount between 0.008-0.030 wt%. In an
embodiment, the composition has a pH of between 4.0-4.4.

[0008] The pharmaceutically active drug may comprise hydralazine hydrochloride.
In another embodiment, the drug is present in an amount between 0.5-2 wt%.

[0008] In ancther embodiment, the acetate buffer solution has a pH of about 4.2
and is present in an amount of about 10 wit%. The acetate buffer solution may be
comprised of sodium acetate and 2N acetic acid.

[0010] In an embodiment, propylene glycol is present is an amount of about 1 wi%.

In another embodiment, methylparaben is present in an amount of about 0.03 wt%. In
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yet another embodiment, benzalkonium chloride is present in the form of a 50%
solution and is present in an amount of about 0.02 wt%. In an additional embodiment,
edetate disodium is present in an amount of about 0.015 wt%.

[0011] in another embodiment, a method for preparing an ophthalmic formulation is
contemplated. In one embodiment, the method comprises mixing a diluent and one or
more buffer solutions having a pH between about 3.5 to 4.5 to form a first interim
mixture, adding one or more chelating agents to the first interim mixture to form a
second interim mixture, adding one or more lubricants to the second interim mixture to
form a third interim mixiure, adding one or more isotonicity agents to the third interim
mixture to form a fourth interim mixture, adding one or more preservatives to the fourth
interim mixture to form a fifth interim mixture, adding a pharmaceutically active drug

comprising hydralazine to the fifth interim mixture fo form the ophthaimic formulation.

10011a] In one aspect, there is provided a method for preparing an ophthalmic
formulation, comprising:

mixing water and an acetate buffer solution having a pH 3.9-4.5 to form a first
interim mixture, the acetate buffer soiution added in an amount to provide between
about 8-12 wi% of acelate buffer solution in the formulation;

adding to the first interim mixture edetate disodium, to form a second interim
mixture, the edetfate disodium added in an amount to provide between about 0.008-
0.030 wt% of edetate disodium in the formulation;

adding to the second interim mixture propylene glycol to form a third interim
mixture, the propylene glycol added in an amount to provide between about 0.5-2 wi%
of propylene glycol in the formulation;

adding to the third interim mixture sodium chioride to form a fourth interim
mixiure, the sodium chioride added in an amount to provide between about 0.25-1 wit%
of sodium chioride in the formulation;

adding to the fourth interim mixture benzalkonium chloride to form a fifth interim
mixture, the benzalkonium chioride added in an amount to provide between about 0.01-
0.04 wi% of benzalkonium chloride in the formulation; and

adding to the fifth interim mixture methylparaben to form a sixth interim mixture,
the methyiparaben added in an amount {0 provide between about 0.015-0.06 wt% of
methylparaben in the formulation;

adding to the sixth interim mixture to form said formulation, a phamaceutically

active drug comprising hydralazine.
[6012] In an embodiment, the buffer is an acetate buffer solution having a pH of

about 3.9-4.5 which is added in an amount {o provide between about 8-12 wi% of the



acetate buffer solution in the formulation. In another embodiment, acetate buffer
solution is added in an amount to provide about 10 wi% acetate buffer in the
formulation. In a further embodiment, the acetate buffer solution is comprised of
sodium acetate and 2N acetic acid.

f0013] In an embodiment, the chelating agent is edetate disodium, which is added
in an amount to provide between about 0.008-0.030 wit% of edetate disodium in the
formuiation. In a further embodiment, edetate disodium is added in an amount to
provide about 0.015 wt% edetate disodium in the formulation.

[0014] In an embodiment, the lubricant is propylene glycol added in an amount to
provide between about 0.5-2 wi% of propylene glycol in the formulation. In a further
embodiment, propylene glycol is added in an amount {o provide about 15 wit%
propylene glycol in the formulation.

{0015] In a further embodiment, the isotonicity agent is sodium chloride added in an
amount to provide between about 0.25-1 wi% of sodium chloride in the formulation. In
an embodiment, sodium chioride is added in an amount to provide about 0.5 wi%
sodium chloride in the formulation.

[0016] In yet another embodiment, a preservative is benzalkonium chioride added
in an amount to provide between about 0.01-0.04 wt% of benzalkonium chioride in the
formulation. In another embodiment, benzalkonium chloride is added in an amount to
provide about 0.02 wt% benzalkonium chioride in the formulation. In a further
embodiment, a second preservative is added, where the second preservative is

methyiparaben added in an amount to provide between about 0.015-0.068 wi% of
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methylparaben in the formulation. In yet another embodiment, methylparaben is
added in an amount to provide about 0.03 wt% methylparaben in the formulation.
[00171 In embodiments, the pharmaceutically active drug is hydralazine present in
the formulation at between about 0.5-2 wi%. In further embodiments, the
pharmaceutically active drug is hydralazine hydrochioride. In a particular
embodiment, the pharmaceutically active drug is hydraiazine hydrochloride present in
the formulation at about 1 wt%.

[0018] In embodiments, one or more of the steps of adding further comprise mixing
while adding.

{00191 Methods for treating a macular degeneration are contemplated.

[0019a] In one aspect, there is provided the ophthalmic composition as described
herein for use in treating macular degeneration.

[0019b] In one aspect, there is provided use of the ophthalmic composition as
described herein or the formulation prepared according to the method as described
herein in the manufaciure of a medicament for treating macular degeneration, wherein
said medicament is to be administered to an eye of a subject at risk of or diagnosed
with macular degeneration.

In embodiments, the method comprises administering to an eye of a
subject at risk of or diagnosed with macular degeneration, an ophthalmic composition
described herein or prepared by methods described herein. In an embodiment, the
macular degeneration is age-related macular degeneration. In a particular
embodiment, the age-related macular degeneration is dry age-related macular
degeneration.

[0020] It will be appreciated that the above embodiments may be combined with
one or more, or all, of the additional embodiments described. In addition o the
exemplary aspects and embodiments described above, further aspects and
embodiments will become apparent by reference to the drawings and by study of the
following descriptions.

10021] Additional embodiments of the present methods and compositions, and the
like, will be apparent from the following description, drawings, examples, and claims.
As can be appreciated from the foregoing and foliowing description, each and every
feature described herein, and each and every combination of two or more of such
features, is included within the scope of the present disclosure provided that the
features included in such a combination are not mutually inconsistent. In addition, any

feature or combination of features may be specifically exciuded from any embodiment

of the present disclosure. Additional aspects and advantages of the present disciosure
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are set forth in the following description and claims, particularly when considered in

conjunction with the accompanying examples and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022] Figure 1 is a graph of choroidal blood flow in pl/min/mg at 0, 30, 60, and

120 minutes after instillation of a 1% hydralazine hydrochloride formuiation.
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100231  Figure 2 is a graph of CNV area in mm? after administration of 0%, 0.5%,
1%, and 2% hydralazine hydrochloride formulations as measured by flucrescein.
00241 Figure 3 is a graph of CNV area in pm?® after administration of 0%, 0.5%,
1%, and 2% hydralazine hydrochloride formulations as measured by chorcidal fiat
mount,

(B0ZE]  Figure 4 is a graph of the ERG c-wave signal in Volis to show the effect of a
1.0% hydralazine hydrochioride formulation on NaiCzinduced RPE degeneration in
the rat retina {mean % standard deviation: "=P<0.01 or *### = P<(.01).

DETAILED DESCRIPTION

(60261 Various aspects now wiil be described more fully hereinafter. Such aspects
may, however, be embodied in many cifferent forms and should not bs censtrued as
limited to the embodiments set forth herein; rather, these embodiments are provided
s0 that this disclosure will be thorough and complete, and will fuily convey its scope fo
those skiilad in the artl.

i. Definitions

049277 As used in this specification, the singular forms "a,” "an,” and "the” include
plural referenis uniess the context clearly dictates otherwise. Thus, for example,
reference o a "drug” includes a single drug as well as two or morg of the same or
different drugs, reference to an "excipient” includes a single excipient as well as two or
more of the same or differant excipients, and the like.

028]  Concentrations, amounts, oM values, elc., are often presented herein in a
range format. The description in range Tormat is merely for convenience and brevity
and should not be construed as an inflexibie limitation on the scope of the invention.
Accordingly, the description of a range should be considered o have specifically
disclosed all the possible subranges as well as individual numerical values within that
range. For example, description of a range such as a pH of 3.8 to 4.4 should be
considered o have specifically disclosed subranges such as 3.8 10 4.4, 3.8t0 4.2, 3.8
tc 4.0, 40044, 421044, 3.9104.2 4010 4.2 etc., as well as individual numbers
within that range, such as, 3.8, 3.9, 4.0, 4.1, 4.2, 43, and 4.4. This construction
applies regardiess of the breadth of the range and in all contexts throughout this
disclosure.

0297 "Therapeutically effective amount” refers to an amount of a pharmaceutically
active substance, agent or drug useful in the prevention, treatment, or slowing

progression of a visual disorder or visual deterioration or eye disease.
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[3034] Reference herein to “drug” or “agent” or to any specific composition or
compound by name, such as hydralazine, includes the pharmacologically aciive
compound as well as its pharmaceutically acceptable salt, a prodrug such as an ester
ar an ether, or a salt of & prodrug, or a solvate such as ethanolate, or other derivative
of the pharmacologically active compound. Reference to herein fo "drug or a salt
thereof” or “agent or a sait thereof” or o any specific compound or composition by
name, such as hydralazine, in conjunction with “or 2 salt thereof” intends the
pharmacologically active agent and any pharmaceulically acceptable salt of the drug.
Salts of the pharmacclogically active drugs may be derived from inorganic or organic
acids angd bases. Examples of Inorganic acids include, but are not limiled to,
hydrochioric, hydrobromic, suifuric, nitric, perchloric, and phosphoric acids. Examples
of hasas include, but are not limited to, alkali metal (e.g., sodium) hydroxides, alkaline
earth metal {e.g., magnesium} hydroxides, ammonia, and compounds of formula N-
W', wherein W is Cy4 alkyl. Exarnples of organic salis include: acetate, propionate,
butyrate, hexanocate, heptancate, undecanoale, paimoale, cyclopantanapropionate,
adipate, alginate, aspartate, benzoate, citrate, oxalate, succinate, tartarate, lactate,
maleate, fumaraie, camphorate, nicotinate, pectinate, picrate, pivalate, tosylate,
gluconate, digluconate, hemisulfale, methanesulfonate, ethanesulfonate, 2-
hydroxyethanesulfonate, dodecylsulfate, camphorsulionate, benzenesulfonate, 2-
naphthalenesulionate, thiocyanaie, phosphatge, glycerophosphate, and
phenylpropionate.  Other salts are listed in Remington: The Science and Practice of
Pharmacy, 18th Ed., Mack Publishing Co., kaston, Pa. (1895), Chapter 83
(hereinafter REMINGTON).

[6G31] As used herein an "eye disease” means any variety of disesses,
impairments, or defacts that cause, vision loss, blurred or decreased central close-up
and distance vision, WBind spots, objecis to appear a different color or shape, neuro-
ophthalmic maniiestations of vascular eye diseases, including ischemic optic
neuropathy, anterior ischamic oplic neurcpathy, retinal artery occlusion, asympiomatic
retinal emboll, asymplomatic refinal embolug or ischemia of retinal Hssue, retinal
edema, amaurosis fugax, reduction in visual field, occlusion of ccular vessels,
stagnation of biood flow within the artericle, cataracts, glaucoma, propiosis, eyelid
retraction, restrictive myopathy, diplopia (double vision), compressive optic
neuropathy, and/or exposure keratopathy. In one embodiment, the sye disease is
macular degereration or a diabetlic eye disease. In a further embodiment, the eye
disease is age-related macular degeneration. In yet a further embodiment, the eye

disease is dry or non-neovascular age-related macular degeneration.  In ancther
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embodiment, the eye disease is diabetic macular edema. i will be apprecialec that
“eyé disease” may encompass one or more eye diseases. That is, the present
formuistions may treat, prevent, and/or slow/hait the progression of one or mora eye
disgases. It is not intended that the present invention be limited to freating any
particular underlying disease rasulting in vision defscis or impairmants.

G321 As used herein, "macular degeneration” means any condition that causes
part of the macula to delericrate. This degeneration may be partial or total, and it is
not intended fo be limited to advance stages of the disease. For example, with
reference o age-related macular degeneration, "macular degeneration” Is intended to
include a subject that is diagnosed with drusen even though the subject does not have
any symptoms of impaired vision. In non-imiting embodimenis, macular degeneration
may refer to age-related macular degeneration.

w

{08337 As wused herein, a compound “functioning to decrease choroidal

a

neovascularization” means ithat a statistically significant reduction of choroidal
neovascuiarization, that is measured by methods known in the art, 2.9. by fluorescein
angiography, after some period of time of administering a compound after physical
disruption of the eve's Bruch's membrane, e.q., via a laser or from the eye diseases.
Detailed descriptions of methods for identifying compounds functioning to decrease
choroidal neovascularization are described herein.

{0347 isomers” means any of two or more substances that are composed of the
same elements in the same proportions but differ in the three dimensional
arrangement of atoms including enantiomeric {i.e., mirror images) and diastereomeric
isomers.

0351 The term "salts”, as used herein, refers to any sailt that complexes with
identifled compounds coniained herein while refaining a desired function, e.g.,
biological activity. Examples of such salts include, but are not limited to, acid addition
salts formed with inorganic acids {e.g. hydrochloric acid, hydrobromic acid, sulfuric
acid, phosphoric acid, nitric acid, and the like), and salls formed with organic acids
such as, but not Himited to, acelic acid, oxalic acid, tartaric acid, succinic acid, malic
acid, fumaric acid, maleic acid, ascorbic acid, benzoic acid, fannic acid, pamoic acid,
alginic acid, polygiutamic, acid, naphthaiene suifonic acid, naphthalene disulfonic acid,
and polygalacturonic  acid. Sall compounds can also be administered as
pharmaceutically acceptable quaternary salls known by a person skilled in the arg,
which specifically include the guatemary ammonium salis of the formula —-NR,R",R™Z,
wherein R, R, R" is independenily hydrogen, alkyl, or benzyl, and Z is a counter ion,

including, but not limited {o, chloride, bromide, lodide, atkoxide, toluenesulfenate,
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methylsulfonate, sulfonate, phosphaie, or carboxylate {such as benzoate, succinate,
acatals, givcolate, maleate, malate, fumarate, ditrate, tartrate, ascorbate, cinnamoate,
mandeloate, and diphenviacetate).
(00361 “Adverse drug reaction” means any résponse to & drug that is noxious
and/or unintended and oceurs in doses for prophylaxis, diagnosis, or therapy including
side effects, toxicity, hypersensitivity, drug interactions, complications, or other
idiosyncrasy. Side efiects are often adverse symptom produced by a therapeutic
serum level of drug produced by Hs pharmacological effect on unintended organ
sysiems (e.g., blurred vision from antichglinergic antihistamine). A toxic side effect is
an adverse symptom or other effect produced by an excessive or prolonged chemical
xposure to a drug {e.g., digitalis foxicity and liver toxicity). Hypersensitivities are
immune-mediated adverse reactions {e.g., anaphyiaxds, allergy). Drug interactions are
effects, typically adverse, arising from interactions with other drugs, foods or disease
states (e.g., warfarin and erythromyein, cisapride and grapefruit, loperamide and
Clostridiumn difficile colitis).  Complications are diseases caused by a drug (e.g.,
MSAID-induced gastric ulcer, estrogen-induced thrombosis). The adverse drug
reaction may be mediated by known or unknown mechanisms {e.g., agranulocytosis
associated with chloramphenicol or clozapine). Such adverse drug reaction can be
determined by subject obsearvaiion, assay or animal model as known in the art.
[60371  The term "derivative” when used i relation to & chemical compound refers
to a similar structure that upon application, e.g., administration to a sublect, is capable
of providing, directly aor indirectly, the function the chamical compound is disclosed ©
have (albeit the derivative may have increased or decreased function). For example,
substituting ohe atom for another atom in a chemical compound provides a compound
of similar structure, e.g., a carbon atom for g nitrogen atom. The compound of similar
structure may be capable of similar function, e.g. to decrease choroidal
neovascularization. Certain claimed embodiments are intended o encompass minor
changes in chemical structure provided thai the derivative can treatl, prevent, hait or
slow the progression of the eye disease.
[0038] The term "manage” when used in connection with a disease or coendition
means to provide beneficial effects to a subject being administered with a prophylactic
or therapeutic agent, which does not result in a cure of the disease. in cerfain
embodiments, a subject is administered with one or more prophylactic or therapesutic
agents to manage a disease so as to prevent the progression or worsening of the

disease.
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100397  As used herein, the terms "prevent” and "preventing” include the prevention
of the recurrence, spread or onset of a disease. It is not intended that the present
invention he limited fo complete prevention. In some embodimenis, the onset is
delayed, or the severity of the disease is reduced.

0407 "Sublect” means any animal, preferably a human patient, hvestock, or
domestic petl.

[G041]  As used herein, the terms "treat” and “reating” are not limited to the case
where the subject (e.g. palient) is cured and the diseass is eradicated. Rather, the
present invention also contempiates treatment that merely reduces symptoms,
improves vision (to some degree}, delays andfor halls diseass pregression.

0427 As used herein, the term "pharmaceuticaily acceptable™ means approved by
a regulatory agency of the Federal or a state government or listed in the U.S.
FPharmacopeia or other generally recognized pharmacopeia for use in animals, and

rore particularly in humans.

. Pharmaceutical Ophihalmic Formulations

(0431 i a first aspect, an ophthalmic composition or formulation is provided. The
pharmaceutical Tormulation comprises a hypotensive agent including, but not limited
to, hydralazine or a salt, substituted derivative, or unsubsiituted dedvative thereof, and
specific other components, that coliectively provide an advantageous composition, as
will now be described.

H044]  In studies conducted in support of the claimed compositions and methods,
an ophthalmic formulation comprising hydralazine was prepared as described in
Example 1. The formulation comprises, in one embodiment, hydralazine and seiected

excipienis that provide improved stability and/or bioavailabiiity.

(00437 Hydralazinge s a benzopyridazine derivative previcusly used as 4
hypolensive agent.  The biochemistry, physiclogy, mefzbolism, and exoretion of
hydralazine in animals and humans have been well studied (Velliguette et al., 2003, J
FPharmaco! Exp Ther, 307(3):1104-1111; Carmody ef al., 2007, Cardiol Rev, 15{1):.46-
53; Adorisio et al, 2006, Heart Fail Rev, 11{2)108-123; Artman et al, 1984,
Circulation, 62(5,:949-954; Camercn et al., 1984, 289(8442):410-412; and Perry et al,,
1973, Am J Med, 54{1):58-72). Hydralazine is a direct-acting antihypertensive drug
that causes relaxation of arteriolar muscle, exerting a peripheral vasodilatory effect,

though the mechanism by which it does so is not fully understood (Freemanile et al,
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2008, Coch Dat Sys Rev, 2008(2):1-5; Brunton et al. eds., 2008, Goodman and
Gilman’s Manual of Pharmacoclogy and Therapeutics, 11" ed., New York; Apresoline®
package insert, Ciba-Geigy, 1885). It is proposed that hydralazine aliers caicium
meatabolism and thereby interferes with calcium movements within vascular amooth
muscle that cause the initiation or prolongation of the contractile state. The peripheral
vasodilatory effect results in several cardiac effecis: decreased arterial biood pressure
(diastolic more than systolic); decreased peripheral vascular resistance; and increased

heart rate,

€2

troke volume, and cardiac oulput. Hydralazine usually increases renin
activity in plasma, iikely in response (o refiex sympathetic discharge. The drug also
has been found to maintain or increase renal and cerebral biood flow. Some of the
aniicipated potential effects of vasodilators {as a class) in ihe eye include diiation of
the arterioles, which would be expected to improve circulation in the choroid and
refina, and relaxation of arterial or arteriolar wall spasms {due 1o lesions or olher
contraciures in the eye) and avoildance of sclergsis (Laws, 1964, Can Mad Assoc J,
91:325-330).

[oDds]  Hydralazine is well absorbed through ithe gastrointestinal traci, with a
systemic bicavaiiability of 16% in fast acelylators and 35% in slow acetylators
(Brunton 2008; Hydralazine hydrochloride USP package insert, Par Pharmacesuiicals,
2006). Hydralazine is N-acetylated in the bowel andfor liver. The plasma half-life of
hydralazine is 3-7 hours, though its hypolensive effects can endure up to 12 hours
{Par 20058). Hydralazine quickly combines with a-keto acids to form hydrazone, and
the maior metabolite is hydralazine pyruvic acid hydrazone. Since in the acetylated
form hydralazine is inactive, rapid acetylators typically reguire larger doses than slow
acetylators, though approximately half of the U.S. popuiaiion are fast acetylators; rate
of acetylation is a factor in bicavailability but not in systemic slimination of the drug
due to its high rate of hepatic clearance (sysiemic clearance is 50 miJkg/min, which
exceeds hepatic blood flow). The peak concentration of orally administered
hiydralazing in plasma and maximal hypotensive effect occur within 30- 120 minutes of
administration.  Intramuscular injection of hydralazine induced hypoxia-inducible
factor-1o {(HIF-1o) protein in tissue extracts, which in turn regulates vascular
endothelial growth factor (Knowles et al., 2004, Circ Res, 95(2):162-169 - suggesting
that hydralazine exerts proangiogenic effects and may be beneficial in ischemic heart
disease). Reduced blood flow and focal ischemia in the retina have bsen suggesied
to be important factors in the progression of AMD {Grunwald 1898, Metelitsina 2008,
Spraut et al,, 1998, invest Ophthalmot Vis Soi, 39(11):2201-2202; Pournaras et al,,
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2006, Invest Ophthalmot Vis Sci, 47(4)3:1581-1586; Feigl et al,, 2007a, Clin Exp
Optom, 80(4):263-271; Feigl et al., 2007b, Eye, 21(6):689-696).

(60471  In one embodiment, the hydralazineg for use in the formulation is a
hydralazine salt such as hydralazine hydrochloride. Hydralazine hydrochioride is a
white to off-white, odoriess, crysialline powder having a molecular weight of 196.64
and having the formula CgHaNeHCEL  Hydralazine hydrochloride USP is soluble 1in 25
of water and 1 in 500 of alcehol. A 2% solution in water has a pH of about 3.5-4.2 and
appears o bs very stable at a pH of about 3.5-4.5. A pH profile indicates that
hydralazine hydrochloride ts highly stable near a pH of 3.5 where the drug is in the
cationic form. When in the cationic iorm, the rate consiant at 25°C, pH 35 s 1.6
years with less than a 10% loss (obtained by extrapaolation).

(60481 Preferably, the hydralazine formulation is an ocular or ophthalmis solution or
formutation comprising hydralazine or a salf, substituted or unsubstituted derivative
thereof. In one parlicular embodiment, the formulation comprises hydralazine
hydrechloride. In another embodiment, the formulation comprises an aceiate salt of

hydralazine. in embodiments, the ocular solution is an aqueous solution.

Excipients

na4e]  Exemplary excipients included in the formulation include upiake enhancers,
thickening agents and stability enhancers, buffers, preservatives, chelating agents,
lubricants, isctonicity agents, acids and bases to adjust the pH, and/or diluents.

00507 Suitable buffers are known in the art and include, without limitation, acetate,
ascorbate, tris, sodium aceiaie trihydrate, acetic acid, citrate buffers, borats,
carbonate, acelale and/or phosphate. In embodiments, one or more buffers are used.
In one non-limiting embaodiment, a suitable amount of buffer to maintain the solution or
ointment at a physioclogicaily tolerabie range is included in the solufion or ointment. In
non-limiting embodiments, an amount of buffer suitable to maintain a pH of about 3.8-
7.5 or 3.8-4.4 5 added o the solution or ointment. The pH range of ophthaimic
solutions generally ranges from about 3.0-7.7 with the majority of ophthalmic solutions
having a pH of about 5-7. [n embodiments, the pH of the present formulation is
between about 3.0-7.7 or about 5-7. In other embodiments, the ophthalmic solution
has a pH of about 3.6-4.5, 3.5-4.2, 3.5-4.0, 3.8-4.4, or 4.0-4.5. It will be appreciated
that the bulfer used will depend on the pH o be maintained. In other embodiments, a
pH adjuster may be used to adjust the pH of the formulation. It will be appreciaied
that any pH adiuster known in the art and suitable for topical administration to the eve

may be used. In non-limiting embodiments, the pH adjusier is selected from sodium
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hydroxide and/or hydrochloric acid.  Exemplary buffers include sodium acetate
irihydrate USP and acetic acid USP (2N). A further exemplary buffer is an acetate
buifer solution USP comprising scdium acetale frinydrate USP and acetic acid USP.
{00511 Any suitable chelating agent is contemplated inciuding, without limitation,
edetate disodium dehydrate. Suitable lubricants include, but are not limited to
propylene giycol, polyethylene glycol, polyvinyl alcohol, and glycerin.  An exemplary
chelating agent is edetate disodium dehydrate USP.  An exemplary lubricant is
propylens glycol USP.

120821 An isolonicity agent is generally an agent or compound thal is
ohysiologically tolerated and that imparts a suitable tonicity to a formulation to pravent
the net diffusion of water across cell membranes in contact with the formulation,
Suitable isclonicity agents include, but are not limited fo salts including sodium
chioride and sugars such as dextrose and laciose. The osmolality of the aeve is about
250 mOsmol/kg. The osmolality range for ophthalmic solutions is generally between
about 250-350 mOsmol/kg with the majority falling between about 280-300
mOsmol/kg. In embodiments, the osmoiality of the present formulation should be at or
near the asmolality of the eya. In particular, non-limiting, embodiments, the osmolality
of the present formulations is generally between about 250-350 mOsmolikg or
between about 290-300 mUsmoelkg. In one parlicuiar embodiment, the osmolality of
the present formulations is about 300 mOsmol/kg. An exemplary isofenicity agent is
sodium chloride USP.

(G531 In one embodiment, the formutlation has a pH of between anout 3.5 and 4.5,
in one preferred embodiment, the formutation has a pH of between about 3.8 and 4.4,
in another embodiment, the formulation has a pH of between about 4.0 and 4.4.
T0054]  Sultable preservatives are known in the art and include, but are not limited
to, benzalkenium  chloride, methyiparabenen,  chlorobutancl,  thimerosol,
propylparaben, and polyquatermiaum-1. According to the FDA Advisory Review Panel
on QTC Ophthalmic Drug Products (Final Report dated Dec. 1978), the maximum
concentration for use in ophthalmic formulations for benzalkonium chloride, USP is
0.013% and the maximum conceniration for methylparaben, NF ig 0.1-0.2%.
Benzalkonium chioride USP is most active against bacteria but is considerad weaker
against pseudomonads and moid. Methylparaben, NF is most active against fungi
and Gram posilive bacteria but is considered weaker against Gram negative bacteria.

Exemplary praservatives include benzaikonium chioride NF and/or methylparaben NF.
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{0055]  Suitable diluents ars known in the art and include, but are not limited to,
Purified Water USP and Waler for Iniection. Exemplary diluents include water,
especially water for injection USP, and saline.

6058]  Suilable viscosity enhancers are known in the art and include, but are not
iimited to, polyvinyl alcohol, hydroxypropyimethyiceliulose, and polyvinylpyrrolidone.
[B0571  An exempiary hydralazineg formulation is prasentad in Table 1 and an

examplary methaod of preparing a formulation is set forth in Example 1,

Table 1: Hydralazine Formulation

Ingredient Function Aimound
Hydralazine hydrochioride Active Agent 1.0 Yowhw
UsSk

Sodium acetate tihydrate Buffer 10 %w/w'
UspP

Acetic acid USP (ZN) Butfer

Edetate disodium dehydrate, | Chelation Agent 0.015 Y%wiw'
Usk

Propylene glycol, USP Lubricant 1.00 Yowiw'
Sodium chioride, LSP Isotonicity Agent 0.50 Ywiw'
Benzalkonium chloride 50% | Preservative 0.02 Ywiw'
solution, NF

Methylparabsnen, NF Proservative 0.03 %wiw'
Water Dituent 88.435 Yow/hw'

YYhwiw not including hydralazine

[C058]  More generally, the formulation includes the active therapeutic agent,
hydralazine, and a carrier. The term "carrier” refers to a diluent, adjuvant, excipient, or
vehicle with which the active compound is administered.  Such pharmaceutical
carriers can be figuids, such as water and olls, including those of petroleum, animal,
vegetable or synthetic origin, such as peanut oil, soybean oil, mineral oil, sesame oll
and the like. The pharmaceutical carrier can be water, saline including phosphate-
buffered saline, aqueous solvents, polyalkylene giycols, petroleum-based jelly, sthyi
celivlose, ethyl oleate, carboxymetihyl cellulose, polyvinyipyirdlidine, isopropyl
myristate, gum acacia, gelatin, starch paste, talc, keratin, colicidat silica, urea, and the
like. Waler can be the vehicle when the active compound is administered
intravenously. Saline solutions and agueous dextrose and glycerol solutions can also
13
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be employed as liquid carrers. Suitable pharmaceutical carviers also include
excipients such as slarch, glucose, lactose, sucrose, gelating malt, rice, flour, chalk,
silica gel, sodium stearate, glycerol monostearate, iale, sodium chloride, dried skim
miilk, glycercl, propylene glycol, water, ethanol and the like, Further suitable carriers
include, but are not Himited to, glycine and hyaluronic acld. The present compositions,
if desired, can aiso confain wetling or emulsitying agents, and/or pH buffering agents.
in addilion, auxiliary, stabilizing, thickening, emulsifying, lubricating and/or coloring
agents can be used,

(053] When adminisiered {0 g subject, the pharmaceutically acceptable vehicles
are preferably sterile.  Suitable methods of sterilization are known in the art and
include, but are not limited 1o, heat slerilization, chemical slerilization, andfor
sterilization by filiration. In another embodiment, one or more of the ingredients may
be separately sterilized and the formulation orepared under aseptic conditions.

{00607 The present compositions can take the form of solufions, suspensions,
emulsion, sustained-release formulations, or any other form suitable for use. In one
ernbodimeni, the pharmaceutically acceptabie vehicle is an ophthalmic solution,
suspension, emulsion, salve or ointment.

0811 Compositions for administration can optionally include a local anesthetic
suitable to administer to the eye o 2ase pain al the site of administration. Generally,

the ingredienis are supplied either separately or mixed together in a unit dosage form.

HE Method of Preparing Formulations

[2082] In one aspect, the formulation may be prepared by step-wise addifion of
ingredients. In an embodiment, the method comprises first adding an appropriate
amount of a buffer solution to an appropriate amount of purified water with mixing.
Freferably, the purifisd water is placed in a suitably sized container {0 hold the volume
of the final formulation. Any suitable method of mixing is acceptable. A preferred
method s continuous mixing such as provided by a stir plate and spin bar as well
known o these of skill in the art. The buffer solution may be separately prepared or
be purchased commaercially. In one non-iimiting emboediment, the buffer solution is an
aceiate buffer solution. In one non-limiting embodiment, the acetate buffer solution
compriges sodium acetate, acetic acid, and purified water. Such a buffer sclution may
bée purchased or be prepared. The buffer may be salected with the appropriate pH. In
an exemplary embodiment, the acetate buffer solution has a pH of about 4.2-48. ina
particular embodiment, the buffer has a pH of 4.2. As a non-limiling example, an

acetate buffer solution may be prepared by adding 1.75 g sodium acetate and 18.6 mi
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of acetlic acid 2N in a 1L volumelric flask with purified water, gs to 1000 mL. This
exemplary buffer sciution should have a pH of about 4.2. It will be appreciate that
where the bufier solution is prepared rather than purchased, a prior step of preparing
the buffer solution will be required.

[0083] Second, an appropriate amcunt of one or more chelating agents, such as
edetate disodium dehydrate, is added o the bufferad solution while mixing and the
resulling soludion (A) is mixed undil the chelation agent is completely or nearly
dissolved. Third, one or more ubricants are added to the A solution while mixing,
The resufting solution (B) is mixed until the lubricant(s) are completely or nearly
dissolved. Any lubricant suitable for use in an ephthalmic formulation is contemplaied.
in ong non-limiting embaodiment, the lubricant is propylene glycol. Fourth, one or maore
isotonicity agents are added o the B solution while mixing. The resulting (C) solution
is mixed until the isotonicity agent(s) are compleiely or nearly completely dissolved.
Fifth, one or more preservaiives are added o the C solution while mixing. The
resuling (D) solution is mixed until ithe preservativel{s} are completely or nearly
completely dissoived. Sixth, one or more therapeutic agents, inciuding but not fimited
te hydralazine hydrochloride, are added to he D solution while mixing. The resulting
{E) solution is mixed until the therapeutic ageni(s) are compietely or nearly completely
dissoived. H will be appreciate that where more than one type of ingredient, e.g. two
or more preservalives, are used, the ingredients may be added together or separaiely.
Where the ingredients are added separately, the solution may be mixed completely or
nearly compietely before the next ingredient is added. Formulation parameters may
be measured and the formulation adjusied accordingly. For example, the pH may be
measured and adjusied where needed.

f0084]  Preparation of an exemplary formulation is detalled in Example 2. As
evidenced by the data presented in Example 2, the method of preparation vields a
surprisingly siable formulation.  As seen in Tables 8-10, the 0.5% and 1.0%
nydralazine hydrochioride formulations were favorably stable at ali three temperatures
in the droptainer container.  Thal is, the wiw% of the active agent decreased by
considerably less than aboul 1% for most of the formulations at each of the three
ternperatures after one and two months of storage. For many of the formulations, the
wiw% of the active agent decreasad by considerably iess than about 0.5% at each of
the three temperatures after one and two months of storage. The 5.5% and 1%
formulations were very stable after cne, two, and three months, especially with
storage at 4° C and 25 ° C. The 2% formulation was also very siable and was most

stable with storage at 25° C. The formulations are also very stable at a pH of about
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4.0-8.8, data not shown. 100% of the active agent was recovered afier storage of the

formulation in a glass vial for storage (one week to one monih} at a pH of 4.0-5.5.

Dosing

{00851  The amount of the aclive compound that is effective in the treatment or
prevention of age-related macular degeneration can be determined by standard
research technigues. For example, the dosage of the active compound which will be
effective in the freatment or prevention of age-related macular dageneration can be
determined by administering the aclive compound to an animal in a modeal such as,
2.4., the animal models known o those skilled in the art or cther models such as
computer models.  In addition, in viiro assays can optionally be employed io help
identify optimal dosage ranges.

[po8a]  Selection of a particular effective dose can be determined (e.g., via dlinical
triais) by a skilled artisan based upon the considerstion of several factors which will be
known to one skiled in the art. Such facters include the disease to be freated or
prevented, the symploms involved, the subject's body mass, the subject's immune
status and other factors known by the skilfled artisan.

[C087]  The dose of the active compound to be administerad to a subject, such as a
human, is variable and can be subject fo indepandent judgment. It is ofien practical to
administer the daily dose of the aclive compound at various hours of the day.
However, in any given case, the amount of the active compound administered will
depand on such factors as the solubility of the aclive component, the formulation
used, subject condition {(such as weight), and/or the route of adminisiration.

(00887 The general range of effeciive amounis of the active compound alene or in
combination with another prophylactic or therapeutic agent{s) are from aboui 0.001
mgfday to about 1000 mg/day, more preferably from about 0.001 mg/day to 750
mg/day, more preferably from about 0.001 mg/day to 500 mg/day, more preferably
frorm about 0.001 my/day fo 250 mg/day, more praferably from about 0.001 mg/day o
100 mg/day, more preferably from about 0.001 mg/day to 75 mg/day, more praferably
from about 0.001 mg/day to 50 mg/day, more preferably from about 0.001 mg/day to
25 mglday, more preferably from about 0.001 mg/day to 10 mg/day, more preferably
irom about 0.001 ma/day to 1 mg/day. Of course, it is often practical to administer the
daily dose of compound in portions, at various hours of the day. However, in any
given case, the amount of compound administered will depend on such factors as the
solubility of the active component, the formulation used, subjsect condition (such as

weight), and/or the route of adminisiration.
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V. Methods of Treatment

100681 In one aspect, the formulation is useful in the treatment of eye diseases. In
some non-limiting embodiments, the formulation is useful for treating, preventing,
halting and/or slowing the progression of macular degeneration. In other non-limiting

embodiments, the formulation is useful in treating diabatic macular edema.

AL Macuigr Degeneration

60701 Macular degeneration is caused by the deterioration of the central portion of
the retina known as the macuia, the area responsible for focusing the central vision in
the eye. Macular degeneralion is intended to refer both to macular dystrophies
affecting individuails under the age of 50 as well as age-related macular degeneration
(AMD or ARMD).

[GU71]  Age-related macular degeneration is the leading cause of vision ioss in
adults over the age of 50 and the third leading overall cause of blindness worldwide
(Mational Eye Instiiute). AMD may be characterized as a dry (atrophic, non-
neovasacular, non-exudative) or wet (necovascular, exudative) form,

(0072 While the relationship between the celluiar and molecular changes
responsibie for the development and progression of AMD is not clearly undersiood,
the clinical course is better delineated. AMD starts with non-exudative (dry) sensscent
changes to the supportive retinal pigment epithelium (RPE) and Bruch's membrane
underlying the macula. Nonexudative AMD can progress to more severe atrophic
AMD (also known as geographic atrophy) and also develop the exudative (wet) form
characterized by a pathological choroidal neovascular membrane growing from
beneath the macuia. Severe vision loss is typically assodiated with the 10-15% of all
patients with AMD that develop the exudative formy however, up to 20% of legal
blindness from AMD is due to the advanced atrophic nonexudative form.

00731 The dry form is aon-neovascular, sccourds for about 0% of AMD cases,
and is identified with multiple, small, round, vellow-white spots calied drusen. These
spots are typically located in the back of the eye at the level of the ouler retina.
Subiecis with these spots may have excellent vision and nc symptoms. The drusen
may accumulate between the refina and the choroid, which may cause the retina fo
become detached. Nonexudative AMD has three c¢linical stages: early, inlermediate
and late. These siages are characterized clinicaily by the exient and size of yeilow
drusen deposits beneath the macuia in addition to the degree of abnormalities in the

RPE. With early nonexudative AMD, the drusen are small to intermediate in size, and
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there are minimal 1o no pigment abnormalities. By the time nonexudalive AMD has
progressed to geographic atrophy, the clinical findings have passed through the stage
of extensive macular drusen and demonstrate localized oblitergtion of the RPE. If
located beneath the central macuia (i.e. fovea), the geographic atrophy of the RPE
resuits in the loss of the overlying photoreceptors and functional vision.

[0074]  In the neovascular, wet form, newly created abnormal blood vessels grow
under the center of the retina. These blood vessels leak, bleed, and scar the rating,
distorting vision or destroying central vision. Vision distortion may start in one eye and
may affect the other eve later. The wet form accounts for 10% of AMD cases, but
accounts for 90% of the vision loss caused by AMD. it is estimated that 10% of dry
AMD cases progress to wet AMD annuaily.

00737  Several factors are poteniiaily responsible for the development ang
progression of AMD. The observation that heart disease and AMD share high blood
pressure and subciinical atherosclerosis as risk faciors has led o the development of
ine hemodynamic model (also known as vascular medel) of AMD pathogenesis. Ina
manner homologous o systemic vascular disease, this model contends that AMD is a
form of vascular disease in which sclerofic deposits, decreased compliance of ocuiar
tissue, and decreased blood flow through the choroidat vasculature tead to discase
progressicn.  In particular, the model asserts that progressive infiltration and
deposition of iipids within the macula decreases the compliance of ccular tissues and
narrows the macular choriocapiliaris.  This choriocapiliaris narrowing compounds the
normal narrowing associated with age and further decreases biood flow with elevated
hydrostatic pressure. This, In turn, reduces the clearance of the lipoproteins and other
materiais secreted by the RPE.  The result is clinically apparent drusen and
pigmentary changes, as well as calcification and fracture of the Bruch’'s membrans,
which leads to choroidat neovascularization.

(00781  There i a growing body of evidence that inflammation also plays a role in
AME. The complement components are the best understood inflammatory mediafors
in AMD. Compiement C5 and membrane attack complexes consisting of complament
components 5b-8 have been detectad in drusen. Bimilarly, 2 variety of studies have
demonstrated the presence of immune complexes, complement and/or complement
regulatory  proteins localized 1o drusen, RPE celis and/or Bruch's membrane.
Additionally, numearous gensiic studies support the role of complement in AMD. In
addition, tissue-destructive macrophages are thought {0 exacerbate AMD. Thus, one

or more of therapeutically increasing the choroidal blood flow, reducing oxidative
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stress, and/or controliing chronic inflammation could significantly freat and/or slow the
progression of AMD.

{00777 One symptorm of macular degeneration is a change in central visicn. The
patient may notice blured ceniral vision or a blank spot on the page when reading.
The patient may notice visuai distortion such as bending of straight lines. Images may
appear smaller.  Some patients notice a change in color perception and some
experience abnormal light sensations. These symptoms may come on suddenly and
hacome progressively more troublesome,

{08787 As used herein a diagnosis of macular degeneration may entail any analysis
of macular changes or function in a subject. i is not intended to be fimited to any
particuiar method, For exampie, an eye examiner, e.g., docter, may dilate the pupil
with eye drops and examing the interior of the eye, looking at the retina for the
presence of yellow bumps of drusen, eye lesions, or for gross changes in the macula
such as thinning. The eye examiner may also administer a visual field test, looking for
blank spots in the central vision. The examiner may cali for fiuorescein angiography
{intravenous injection of fluorescent dye followed by wvisual examination and
photography of the back of the eye) to determine ¥ blood vessels in the retina are
leaking.

(60781 Some risk factors for having macular degeneration include age, smoking,
and a diet that is rich in saturated fal. Others may be at risk for macular degeneration
because of genetic heritage or environmenial exposure.

{GUB0]  In embodiments, the methods described herein relate to treatment or
prevention of age-related macular degensration, preferably prophylactic prevention
and treatment.  In other ambodiments, the methods described herein relate 1o
preventing or slowing the progression of age-related macular degeneration with the
formulations described herein. In one embodiment, a method of preventing or slowing
CNV in & patient diagnosed with non-exudative or exudative AMD with the
formulations described herein is contemplated.

00817 In one embodiment, a 1% {(wiw) hydraiazine ophthalmic solution is instillad
in one or more affected eye at least once daily, and in other embodiments, betwasn
one to five times daily. In other embodiments, a 0.5%-4% w/w hydralazine ophthaimic
solution is instiled in one or more affected eye at least once daily, and in other
embodiments, one to five fimes daily. In yet further embodiments, a 0.5%-2% whw
hydratazine ophthalmic solution is instilied in one or more affected eye at least once

daily, and in other embodiments, one to five times daily. In one particular
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embodiment, 1% wiw hydralazine ophthalmic sclution is instiled in one or more
atfected eye at least once daily, and in other embodiments, one or three times daily.
{00821  As scen from the safety data as shown in Example 3, a hydralazine
hydrochloride ophthaimic solution, prepared accerding o the methods described
herein, was safe and generally well olerated in humans, with a low incidence of
reatmentemergent Adverse Events (AE} that were generally mild in severity and
refatively evenly distributed among the two subject populations.  There were no
Significant Adverse Events (SAE), no deaths, and no other clinically significant safety
findings during the course of the study. Ocular hyperemia was the most commoniy
reported treatmant related ocular AE, reported by most subjecis in this study. The
incidence of ocular hyperemia was consistent with the peripheral vasodilatory effects
of hydralazine and was not unexpected.  Thus, repealed doses of a topical
hydralazine hydrochloride formuiation were safe and well tolerated in humans (Ralston
et al., 2016, ARVO Abstracts, Abstract No. 913/A198).

[0083] Examples 4 and § set forth single dose and repeat dose studies using the
formulation described hergin prepared in agcord to the method described hersin, In
Example 5, a 28-day, GLP-compliant, repeat dose ccular study using the rabbit model
shows that ocular irritation occurring at initiat dosing becomes well tolerated during
repeat dosing. The lack of any significant dose-related toxicity further indicates a
reasonable polential for safety with concentrations of hydralazine hydrochioride at
least up o 2.0% wiw in this pariicularly sensifive animal modael.

0847 it has been proposed that reduced choroidal blood flow and focal ischemia
may be a causative factor in the progression of events leading to early AMD ({Feigl et
al. 2007b). Further, the long-term effects of hypoxia in the cheroid and retina have
been proposed 0 be responsible for upregulation of endothelial growth factors and the
development of the choroidal neovascular growth that is characteristic of the
pregression from early to late stage AMD (Feigl et al. 2007b). As shown in Example
&, instillation of hydralazine 1.0% eyedrops improved the choroidal biood flow
significantly in the rabbit eys model. As seen in Fig. 1, 30 minules afler instiliation
with 1% nydralazine formulation choreidal blood flow was not only maintained from the
starting point, but actually improved. In contrast, instillation with the control resulted in
a decrease in choreidal blood flow (by about 40% looking at Fig. 1). Afier 30 minuies,
weatment with the 1% hydralazine formulation resulted in a choroidal biood flow that
was at least about 75% higher, or at least about three to four fimes higher, than the
control.  in contrasi, treatment with the control resulied in a2 decrease in choroidal

blood flow by about 40%. As slso seen in Fig. 1, 80 minutes after instillation with the
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hydralazine formulation, choroidal biood flow was at least about 65% higher, or at
feast about two to three times higher, than the control. After 120 minutes, treatment
with the 1% hydratazine formulation resulted in a choroidal blood flow that was at least
apout 50% higher, or at least about two times higher, than the conirol. In conirast,
treatment with the control resulted in a decrease in choroidal blood flow by about 30%.
An increase in choroidal bivod flow, as compared to the control, was maintained for at
teast 2 hours. In the laser-induced CNV model, installation of hydralazine evedrops (at
all concentrations) for 4 weseks redusced the area of CNV formation sigaificantly, see
Example 7. The effect of hydralazine formulations (6%, 0.5%, 1%, and 2%. w/iw) on
CNV formation are shown in Figs. 2 and 3 (as measurad by fluorescein or v choroidal
flat mount respectively). As secen in Fig. 2, each of the hydralazine formulations
reduced CNV area as measured by Huorescein. The 0.5% formulation reduced CNYV
area by about 33%. The 1% formulation reduced CNV area by about 30% while the
2% formuiaticn reduced CNV arca by about 26%. As seen in Fig. 3, each of the
hydralazine formulations reduced CNV area as measured by choroidal flat mount.
The 0.5% formulation reduced CNV area by about 20-25%. The 1% formulation
reduced CNV area by about 25% while the 2% formuiation reduced CNV area by
about 30-35%. Further, as described in Example 8, tube formation by HUVEC in vitro
was prevented by hydralazine, which can be taken as a sign of anti-neovascularization
aclivily. These data suggest that hydralazine may have mullipie mechanisms of
acticn and could reduce the extent of CNV formation through both the improvement of
choroidal biood flow and the prevention of new vessel formation.

{6851 The selective foxicity of sedium {odate on cells in the RPE has been known
for many years (Noell, 1953, Am J Ophthalmel, 36(6:2):103-118). Damage to and
dysfunciion of the RPE is thought to be one of the early evenis in the progression of
AMD.  Accordingly, this approach of crealing chemically induced damage selectively
in the RPE layer of the retina has been used to investigate potential therapies for AMD
(Li, et al., 2006, invest Ophthalmol Vis Sai, 47(4):1846-1652; Obata et al., 2005, Eye,
18(4):464-468).  As shown in Examples 8 and 16, high congenirations of NalQ; are
ioxic to human RPE cells in vitro. Consisient with literature reports, a single
infravenous injection of NalOs caused significant damage to the retina of rais in a
time- and dose-dependent fashion. High doses of NalOs caused damage throughout
the relina as  demonstrated by histopathology and  the suppression  of
slectrophysiological signals originating from the photoreceptor celis {a-wave), the
neurat retina {b-wave), and the RPE cells (c-wave). By adjusting the injected dose of

NalQs, conditions were identified in the rat in which the damage appesars fo be
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restricted 1o the RPE cells. The ERG c-wave signal was suppressed, but the a-wave
and b-wave signals remained at normal levels. The NalOginduced selective
suppression of the ¢-wave signal persisted for more than 4 weeks. Thus, these
parameters may be useful as a rat model for nonexudative AMD.

(00881  Using these optimized conditions (35 mg/kg MalO; and 4 wesks post
injection) in this meded, it has been demonstrated that instillation of hydralazing 1.0%
ophthalmic solution 3 times daily for the 4 week duration of the experiment
significantly decreased the electrophysiological deficit observed in the ERG c-wave
signat created by injection of Nal(; (Example 10). As seen in Fig. 4, instiliation of
MalOs resuited in a 70% decrease in ERG c-wave as compared io the confrol.
Instillation of the 1% hydralazine formulation resulted in only about 50% decrease in
the ERC c-wave signal.  Thus, Instillation of the 1% hydralazine formulation
rnaintained about 20% of the ERG c-wave signal 25 compared fo MNaiO; iniection
alone. The data described in Example 10 also demonstrates that topical installation
delivers sufficient hydralazing to the reling o exert the protective effect.  The
mechanismi{s) by which hydralazine protects the RPE from NalOginduced damage
may be related to the drug’s ability 1o increase choroidal blood flow or to its antioxidant
properties. By increasing blood and oxygen flow {o the relina, hydralazine might
postpone the development of nonexudative age-related macular degeneration and
may be used as a reatment for early stage (dry) AMD. in an embodiment, the
formulations described herein are useful in & method of increasing choroidal blood
flow in a patient diagnosed with non-exudative or exudative AMD.

0087 The results of the NalQ; induced dry AMD model in rats as described in
Exarmples § and 10 demonstrate the ability of a hydralazine hydrochloride formuiation
to protect retinal pigment epithelium (RPE) cells from damage induced by exposure to
NalO; and thus protect and possibly restore visual function in patients with dry AMD.
04881 It has been proposed that the loss of RPE cells is a primary manifestation of
the eardy phase of AMD {Cai et al, Prog Retin Eye Res, 2000, 19(2):205-221}.
Oxidative stress may play a rele in the loss of the RPE celis and the pathogenesis of
AMD (Beatty et al., 2000, Surv Ophthalmol, 45(2):115-134; Finkel et ai., 2000, Nature,
408(6809):238-247). An increase in oxidative stress due to a reduction in the existing
protective mechanisms orf 10 an increase in the number and conceniration of reactive
oxygen species (ROS) are believed to contribute in part to the pathogenesis of AMD
(Boulion et al.,, 1884, Br J Ophthalmol, 78(2):125-12%). Hydralazine has antioxidant

and vasodilatory properiies which may be useful in the treatmeant of AMD.
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160891 It has further been reported that hypoxia can cause death of RPE cells
through an oxidative stress- induced mechanism (Cai 2000). There are several
effects linked to hypoxia and oxidative injury (Emerit et al., 1998, Handbook of Free
Radical and Antioxidanis in Biomedicine, Quintanilha eds., CRC Press), including
uncoupling of mitochondrial oxidative phosphorylation and degradation of adencsine
friphosphate to adencsine diphosphate. Moreover, the sudden decrease in O, tension
allows the release of free radicals from the tightly controlied electron fransport chain,
and the reactions of these ROS with neighboring membrane lipids resuit in membrane
and cell damage. In order to evaluale the ability of hydralazine io prolect cells against
hypoxia-induced damage, ARPE-19 celis wers incubated with various concenirations
of hydralazine for 24~72 hours while exposed to a hypoxic environment (1% O;) in a
hypoxia controlling chamber. 1 pg/mil of the hydralazine formulation significantly
reduced hypoxia-induced damage to the ARPE- 19 ceils at 48 hours and 72 hours.
This data indicates that hydralazine can prevent hypoxia- induced cell damage but not
the chemical (MaNs)-induced cell damage intended io chemically mimic hypoxia.
Withcut being limited as o theory, this difference may be due io the different
mechanisms of cell injury caused by the chemical agent MahN: and the ROS releasad
from mitochondria under conditions of hypoxis.

(00807  As describad in Example 11, human retinal pigment epithelium celis (ARPE-
15 celis) were used in vitro to invesiigaie the antioxidant properties of hydralazine and
to evaluate the ability of hydralazine to proiect cells from ROS-related damage or
hypoxia-related damage.

00217 A free radical is a molecule with an odd, unpaired electron; this unpaired
glectron makes the molecule unstable and highiy reactive (Fantone et al. 1985, Hum
Fathol, 16{103:873-978; Thompson et ai.,, 1988, Prog Cardiovasc Dis, 26{6):449-462;
McCord et al, 1985, N Engl J Med, 312(3):159-163). Oxygen free radicals, Ihe
superoxide anion (Oy-], the hydroxyl radical (CH-), and their intermediary, hydrogen
peroxide (H,0,), are believed (0 he generated in fissue during ischemia and at the
time of reperfusion. These ROS can be oyioloxic to cells through a wide variety of
pathways Including: reaction with fatty asids, which leads fo the formation of lipid
peroxides in membranes; oxidation of amino acids in proteins; oxidation of sulfhydryl
groups; and polypeptide chain scission (Thompson 1986, McCord 1885, Kloner st al.,
1889, Circulation, 80(51:1115-1127).

in0e21  Teri-Bulyl hydroperoxide {HBHP), an organic hydroperoxide (Rush et al,
1885, Toxicol Appl Pharmacol, 78(3):473-483), can be metabolized in the hepatocyis

by glutathione peroxidase, generating oxidized giutathione {Alia et al., 2006, Toxicol
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Appl Pharmacol, 212(2):110-118). Depletion of glutathione (GSH) and nicotinamide
adenine dinucleolide phosphate oxidation are associaled with alterad calcium
homeosiasis, leading to loss of cell viabitity {(Martin et al., 2001, Biochem Pharmacaol,
82(6).705-712). Alternatively, t-BHP can be converted into its peroxyl and atkoxyl free
radicals by cytochrome P450 enzymes and by free iron dependent reactions. These
free radicals can subsequently initiate lipid peroxidation, forming covalent bonds with
cellular molecules {such as DNA and proteins} and further decrease GSH levels. The
latter efiect, in addition fo altering calcium homeostasis, affects mitochondrial
membrane potential, eventually causing cell death {Van der Zee et al., 1998, Free
Radic Biol Med, 20(2):199-206; Hix et al., 2000, Chem Res Toxicol, 13(10):1056-
1064). itis obvious that ROS (Martin 2001; Lima et al., 2006, Life Sci, 78(21):.2056-
2068), +-BHP radicals (Van der Zee 19496; Davies, 1889, Bicchem J, 257{2):603-606)
and infraceliular iron ions (Mix 2000} are invoived in the toxicily of +-BHP; diract efiects
on these parameters would tend to reduce the level of damage. HxO; can form highly
reaclive hydroxyl radicals ((OH)} by Fenton reaction with intracellular ron that are
capable of degrading most organic materials (Pesakhov et al., 2007, Biochim Biophys
Acta, 1768(3):590-587). According to the data shown in Example 11, hydralazine is
able o protect cells against +-BHP and H,0; induced cytotoxicity.

{60831 As described in Example 11 and herein, three oxidative stress-indusing
agents (H;05, HBHP, and NaNs) were used to evaluate the ability of hydralazine o
profect ARPE-19 cells against ROS-induced damage and against hypoxia-induced
damage. The data showed that the hydralazine formulation inhibited +-BHP and 0,
induced oxidative stress damage in a concentration dependent manner but had little or
no effect on the damage caused by NaMs.

[B094]  The hydralazine formuiation demonstrated siatistically significant inhibition
of BHP-induced cell damage in an apparent conceniration-dependent manner afier
nsult with 0.01 mM and 9.03 mM of BHP. The maximum viability protection effact
after insult with both 0.01 and 0.03 mM 1BHP was cbserved with 100 pg/mi of
hydralazine.

00857 The hydralazine formulation demonsirated statistically significant inhibition
of HxOg-induced cell damage in an apparent concentration-dependent manner after
insult with 0.3 mM and 1.0 mM of 0, The maximum viability protection effect after
insuylt with 0.3 mM #,0, was observed with 30 ug/ml of hydralazine, and afier 0.3 miv
tH205, with 30 pg/mi. of hydralazine. The maximum reversion effects were seen with 1

pg/mi. of hydralazine at 48 hours and 72 hours.
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{00881 Mitochondrial toxing could offer an alternalive o glutamaie intoxication
{intoxication caused by glutamine, which is an excitatory agent to induce calcium
flooding in the intracelluiar site to kill the cells) to maodify the reversible energy failure
that occurs during fransient ischemia in vivo. Sodium azide (NaNs) has already been
used to induce “chemical ischemia” in cell cultures (Varming ef al., 1996, J Neurosdi
Res, 44{1):40-46; Grammatopoulos et al, 2004, Neuroscl Res, 50{3):299-306;
Grammatopouios et al,, 2002, Brain Res Mol Brain Res, 99(2):114-124) as well as in
in-vivo experiments {Vecsel et al., 2001, J bMeural Transm, 108(3)273-278). ls
preciss mechanism of action remains partiaily obscure.  The efiecis are usually
attributed o cylochrome ¢ oxidase-respiratcry chain complex 1V-inhibition, and
superoxide might be the major produdct released from the mitochondria after blockags
of the electron transfer chain (Duranteau et at, 1998, J Biol Chem, 273(191:11819-
11624}, In other experiments, not shown, ARPE-18 cells were exposed to Nal; along
or in the presence of hydralazine {(at concentrations of 1, 3, 10, 30, 100 pg/mi.). The
proportion of viable ARPE cells after insult with NaNg. {0.1~100 mM) and treatment
with hydralazine was measured by MTT assay and no significant effect on MaMs
chemically-induced hypoxia was seen in hydralazine-ireated ARPE-19 celis. In these
experiments, hydralazine did not reverse NaNs- induced cytotoxicity, which may
indicate that hydralazine wili not antagonize mitochondria-derived ROS.

(00971 Thus, hydralazine formulations afford significant protection against hypoxia-
induced damage {0 ARPE-19 cells in vilro. Without being limited as to thaory, the
effect may be due to a Tree radical scavenge action of hydralazine fo quench the ROS.
Although the infraceliular signaling involved in oxidative stress-mediated damage o
RPE cells is stil poorly understood, identification of the chemicals involved in either
antioxidant defense or mediation of the oxidative stress response in RPE celis should
atlow the future developmaent of therapauiic strategies against AMD. Mydralazine has
the potential to profect the RPE cells against damage caused by hypoxia and ROS
and therefore treat age-related macular degeneralion (AMD) and  ischemic
retinopathy.

60287 The ocular and systemic safely orofile of hydralazine has been well
established and is well understcod based on the previous nondlinical and ¢linical
studies and the history of systemic use for over 50 years. This data is supported by
the resuits of the Example 6 for treatment of dry AMD with a hydralazine hydrochloride

ophthalmic solution.
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B. Diabetic Macular Edema or Diabetic Macular Degeneration

{00997 In another non-limiting embodiment, the formulations disclosed herein are
usetul in tfreating or preventing diabetic macular edema or diabetic macular
degeneration. Diabetic macular degeneration is the deterioration of the macula due to
diabetes. Cysicid macular degeneration is the loss of vision in the macuia due 1o
fluid-tiiled areas (cysts) in the macular region. This may be a result of other disorders,

inflammation, or high myopia.

1001 The following exampies are Hlustrative in nature and are in no way intended

to be fimiting.

EXAMPLE A
Hydralazine Formulation
0] A formulation for use as 2 hydralazine ophthalmic solution was prepared. 5306
g of purified water, USP was added 1o a &l flask with a spin bar with mixing. 800 g of
a Acetate Buffer Solution (pH 4.2), comprising sodium acefate and acetic acid (2N),
was added to the purified water in the 6L flask while stirring.  Mixing was continued
until uniformity was reached. 0.9 g of edetate disodium, USP was added to the flask
and mixed until dissolved. Next, 80 g of propyiene glycol, USP was added {0 the fask
and mixed untif dissolved. Next, 30 g of sodium chioride, USP was added to the flask
and mixed until dissolved. 1.2 g of benzailkonium chioride 50% solution, MF was
added to the flask and mixed unfil uniform. Finally, 1.8 g of methylparaben, NF was
added to the flask and mixed until dissolved. The pH of the resuliing solution was 4.4,
04027 To prepare the hvdralazine formulation, an amount of hydralazine

hydrochloride was then added to the solufion and mixed until uniform.

Storage Stability of Hydralazine Formulation
04331 0.5%, 1%, and 2% hydralazine hydrochloride formulations were prepared
essentially as described in Example 1 to assess the stability of the formulations. The

ingredients and percentages of the formulations are given in Table 3 below.
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Table 3: Formutation Summary

Ingredient CASH 0.5% 1.0% 2.0% Control
' Formulation | Formulation | Formutation {whiw%)
{wiw) {wiw %) (wiw)
Puified Water, | 7732-18-5 88.045 87.815 86.775 £8.435
Use
Acetate Buffer | 6161-80-4 10.00 10.00 10.00 10.00
Solution 4.2 7732-18-5
Usk 54-19-7
Edetate 6381-92-6 0.015 0.015 (3.0%5 0.015
Disodium, USSP
Propylens 57-55-6 1.00 1.00 1.00 1.00
Giycol, USP
Sodium T64T-14-5 0.35 0.24 0 0.50
Chloride, USP
Benzalkonium | 8001-54-5 0.02 0.02 0.02 0.02
Chloride, 50%, | 7732-18-5
Solution, NF B4-17-5
Methvlparaben, 99-76-3 0.03 0.03 0.03 0.03
NF
Hydralazine 304-20-1 0.54" 1.08 2.16 0
Hydrochloride,
LSk

*Allowing for 8% overage for manufacturing losses and raw material purity,

(34041 The control formuiation was placed in an 8 miL E-C amber glass sample
vials with & rubber lined cap {ltem 224735, Lot 1402565, Wheaton, Millville, NJ). The
hydralazine hydrochloride formulations were placed in 6 oo oviinder LDPE round with
bead dropiainers with 2 13 mm LDPE controfied drop tip, 40 ul. and a 13 mm-425
polypropyiene finish closure {(Comar Packaging, Buena, NJ). The formulations were
stored for three months at 4° Cx£2° C, 256° Cx2°C, and 40° C +2° C to assess siorage
al room tempersture, with refrigeration, and accelerated. The pH, csmolality and
wiw% of active ingredient was fested at time zero with the resulis shown in Table 4
below. The oM, appearance, and w/w% of the aclive ingredient were tested after one
month, after two months, and afier three months with the resulis shown in Tables 5-13
below.
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{0105]

due 1o the pH drift and decrease in assay results (results not shown). The shift in pH

The Amber glass vial testing of the control was discontinued after one monih

is suspected to be due to the alkalinity of the glass vials,

Tabie 4; Initial Formulation Measurements

wi% Hydratazine hydrochloride pH Qsmolality {imCsmolfKg) Assay
0.0 4.3 313 0
0.5 4.4 312 0.540
1.0 ) 4.3 316 1.083
2.0 4.4 318 2.180

Table 5: Formulation Measurements After One Month Storage at 4° Cx2° C

wi% Hydralazine hydrochloride nH Description Assay
G.5 4.3 Passg 0.539
1.0 4.1 Pass 1.G76
2.0 4.3 Large crystat formations | 2.162

Table 6: Formulation Measurements After Gne Month Storage at 25° C+2° C

wi% Hydralazine hydrochloride ok Description Assay
0.5 4.3 Pass 0.538
1.0 4.1 Pass 1.G80
2.0 4.3 Pass 2171

Tabie 7: Formulation Measuremenis After One Month Storage at 406° Cx2° C

wi% Hydralazine hydrochioride oH Lescription Assay
0.5 4.3 Pass 0.536
1.0 4.1 Pass 1.074
2.0 4.2 Slightly darkened 2.157

Table 8: Formulation Measuremenis After Two Months Storage at 4° C#2°C

wl% Hydralazine hydrochloride oH Description Asséy
0.5 4.2 Pass 0.5374
1.0 4.0 Pass 1.0843
2.0 4.2 Large crystal formations 21755
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Table 9: Formulation Measurements After Two Months Storage at 25° Cz2°C

wi% Hydralazine hydrochloride DH Description Assay
0.5 4.2 Pass (.5364
1.0 4.0 Pass 1.0788
2.0 4.1 Pass 21757

Tabie 10: Formuiation Measurements After Two Months Storage at 40° C£2° C

Sightly darkened

wi% Hydralazine hydrochloride ot Description Assay
0.5 4.1 Pass 0.5338
1.0 3.9 Pass 1.0795
2.0 40 2.1480

Table 11: Formulation Measurements After Three Months Storage at4° C+2° C

wi% Hydralazing hydrochloride o Description Assay
0.5 4.3 Pass 0.5361
1.0 4.1 Pass 1.0734
2.0 4.3 Large crystal formations 2.0895

Table 12: Formutation Measuremenis After Three Months Storage at 25° C22° 0

wi% Hydralazine hydrochioride oH Description Assay
0.5 4.3 Fass 0.5367
1.0 4.1 Pass 1.0786
2.0 4.2 Slightly darkened 2.1839

Table 13: Formulation Measurements Afler Three Months Sforage at 40° Cx2° C

wi%% Hydralazing hydrochloride pH Description Assay
0.5 4.2 Pass 0.5319
1.0 4.0 Slightly darkened 1.0628
2.0 3.5 Extremely dark amber 1.9718

10106}

A "pass’ for the description of the formulaiion refers to a clear, colorless

solution by visual inspection. pH was measured with the Fischer Sclentific Accumet

Basic pH meter,
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EXAMPLE 3
Effect on Choroidal blood flow affer administration of hydralazine formudation

(01071  Asingle center, open-label study in thirty-one (31} patients age 50 years and
olderr 20 patients were free of any dlinically significant ocular diseases or
abnormalities and had a Snellen equivalent best-corrected visual acuity (BCVA) betller
than 20/30 and 11 patienis had signs and symptoms of early nonexudative age-
related macular degeneration {dry AMD) was conducted. Zafety, comfort and
choreidal blood flow was evaluated after seven fopical ocular administrations of &
hydralazine hydrochioride formulation over a 3 day period
1681 Subjects in the dry AMD group had evidence of small and intermediate
drusen, minimal or no pigment abnormalities in the macula (i.e., risk facior 2 on the
AREDS Simplified Grading Scale), and 2 Snellen equivalent best corracted visual
acuity (BCVA) equal to or better than 20/100. All subjects had sufficiently clear ccular
media fo permit gecurate measurement of choroidal blood flow. This study revealed
transiently increased conjunctival hyperemia but no other safely or tolerability
CONncerns.
H31091  The patients received 1 drop of test material in cne aye and vehicle control
in the contra-lateral eye. The patients administered the first dose of each day in the
clinical setling and self- administerad the remaining two doses of the day at prescribed
ime points. The following parameters were assessed:

Visual acuity {Snellen)

Intraccular pressure

Complete anterior segment slit-lamp examination

Dilated posterior segment slit-lamp examination

Coliection of AEs (elicited and observed)

Vitat signs

Choroidal blood flow assessed using 2 compadt laser Doppler fliowmeter provided

by Gevaltec AG (Switzerland).
(0110 A primary objective of the study was to evaluate the safety and comfort of a
hydralazine hydrochioride ophthalmic solution, prepared as set forth in Example 1.
However, in order 1o obtain early clinical pharmacological data on hydralazine
hydrochioride ophthalmic formulation activity, the effects of test material on pat'ieniis’
choroidal blood flow was also evaluated. Prior to administration of the first dose on
each day, patienis were assessed for visual acuity by Snelien eye chart, vital signs,
intra~ocular pressure (10OP), general eye health by biomicroscopy and choroidal blood

flow. After administration of the first dose on each day, patients were monitored over
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a 1 or 4 hour fime period for comfort, choroidal blocd flow, IOP and general eye
heatth. On day one, the evaluations were after 20, 60, 120, and 240 minutes post
hydralazine hydrochloride adminisiration. On days 2 and 3, the evaluations were after
the first two fime-poinis. The 7th dose was administered in the morning on day 3.
Seven days after the final dose, patients were contacied via telephone 10 evaluate any
post study adverse evenis or issues.

Choroidal Blood Flow

1111 Mo clinicatly significant changes from baseline were found in either eve for

intra- ocular pressure {(10P), visual acuily {(VA), anterior- and posierior segment
bioricroscopy findings, and vital signs. No other safety-related issues were reporied.
[3112]  Ocular adverse events (AEs) ocourred in 26 {84%) subjects, all of which
were mitd in nature. Al ocular AEs were resolvad during the study period, except 1
AE of foreign body sensation, which was classified as unknown.

071131 The most common treatmentrelated ocular AE was ocular hyperemia,
which occurred in 27 hydralazine hydrochionide -freated eyes (7 [64%] subjecis in the
AMD group and 14 [70%] subjecis in the normal/healthy group) but just 1 vehicle-
treated eye. All instances of coular hyperemia were resolved, with an average fime to
resolution of 1.85 days (range 1 1o 4 days) for all subiects.

ni14]  The incidence of ccular hyperemia found in ayes freated with the
hydralazing hydrochioride formulation is consistent the known pharmacological effects
of its active ingredient, an approved direct-acting antihypertensive drug with well-
established peripheral vasodilatory effects.

[3195]  The hydralazine hydrochloride ophthalmic solution was found 1o be slighily
less comfortable than the vehicle immediately upon drop instillation in both subject
groups, but no appreciable differences in comiort scores found by 30 minutes post
drop instilation.

1] Choroidal blood flow, velocity and volume were assessed foliowing the first
dosing of test malerial on each day. On day 1, choroidal blood flow measurements
were made at 30, 50, 120 and 240 minutes post-administration, on days 2 and 3, the
measurements were made at the first two ime-points only. Measurements were
made using a Laser Doppler Flowmelry device, which is a state-of-the-art, non-
invasive and quantitative approach for visualizing and measuring subfoveal choroidal
biood flow.

[G117]  The overall resulls indicate that the hydralazine hydrochloride ophthalmic

termulation had pharmacological activity foliowing topical ocular dosing:
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There was a trend of increased mean choroidal biood volume and velocity values
in hydralazine hydrochioride-treated eyes, which peaked approximately 2 hours
after topical ocular dosing on day 1 and returned to baseline values
approximately 4 hours after dosing (i.e., 2 hours later). In the AMD groug,
increases in blood volume were also found in hydralazine hydrochloride-ireated
eyes as early at 30 minutes post dosing on day 1.

IFor chorcidal blood flow, there was a trend towards improved mean scores in
hydralazine hydrochloride ~treated eves in AMD subjects. By contrast, in
normal/healihy subjects both mean values and associated standard deviations
(SDs) remained low at all ime points on day 1.

Cdds rafio analyses of the chorgidal blood flow cutcomes between the AMD and
Normal groups for day 1 were evaluated. Tests for group differences were
based on Fisher's exact test caloulated using the FREQ procedure of SAS
version 9.2 (5AS, 2009). For choroidal blood velume, odds ratios varied from
0.22 (p=0.337} at the 50 minute time point to .67 {p=0.106) at the 120 minute
tima point suggesting the possibility of higher hydralazine hydrochloride
respense in AMD patients at the 120 minute ime point.

0118]  The resulls of this study demonstrate that a2 hydralazine hydrochloride
aphthaimic solution is safe and generally well tolerated, with a low incidence of
freatment-emergent Aks that were generally mild in severity and relatively evenly
distribuied among the 2 subject populations. There were no SAEs, no deaths, and no
other clinically significant safety findings during the course of the siudy. Ocular
hyperamia was the most commonly reported trealment-related ocular AE, reported by
most subjects in this study. However, the incidence of ocular hyperemia is consistent
with the perioheral vascdilatory effects of hydralazine hydroshioride and was not
unexpected.  Analysis of the choroidal blood data suggest that hydralazine
hydrochloride may reach the back of the eye at the macular area fo improve choroidal
blood circulation following topical ocular instillation. Since impaired blood flow may be
a conlribuiing factor in the progression of dry AMD, these resuils suggest that
hydralazine hydrochioride may be & useful therapeutic agent for the treatment of dry
AMD.
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EXAMPLE 4
Hydralazine Formulation Single Dose Toxigity

01191 Single dose ocular irritation studies with hydralazine ophthalmic formulations
have shown a minimal to mild tendency for the formutation fo produce ccular irritation
according to the Draize procedurs using the rabbit model.

04207  Several studies were completed using various doses of hydralazine (0.0%,
0.5%, 1.0%, and 2.0% [w/w]) to assess the potential of hydralazine as an ocular
rritant.  The hydralazine formulations were prepared essentially as described in
Example 1. Young aduli female New Zealand white rabbits were grouped mio a
control and three treatment groups {(n=3 for each group). A 0.1 mL dose {conirol or
0.5%, 1.0%, or 2.0% hydralazine formulation) was instilied in the right eye of sach
rabbit with the lefl eye serving a8 a confrol. The rabbit was used as a test modal in
these studies due fo its demonstrated ability to respond to ocular irritants in a manner
that is valuable in prediction of a similar human response. The rabbit model is known
o be somewhat more sensitive to some irritants than the human (Milllichamp 1999a,
Millichamp 1988b). A buffered pH of 4.2 and preservative agents known to cause
transient ocular irritation were empioyed to ensure stability and dose infegrity.

01297 Overall, all formulations tested showed minimal coular irritation in primary
eye irrifation studies using the rabbit model. The formulation testoed with 2.0%
hydralazine demoensirated slighily greater irritation than formulations confaining 0.0%,
0.5%, or 1.0% hydralazine hydrochioride; each concentration showed a maximum

mean total Draize score of 2.0 and was dlassified as minimaily iritating.

EXAMPLE B
Hydralazine Formulation Hepeated Dose Toxioity

0221 Hydralazine hydrochloride ophthalmic solutions were prepared essentially
as described in Example 1 at concentrations of 0.0% {(vehicle), 0.5% hydralazine
hydrochlovide, 1.0% hydralazine hydrochioride, and 2.0% hydralazine hydrochloride.
The formulation, vehicle or control was administered daily for 28 days fo the
designated eye of forty Dutch Belied rabbits (5 males and 5 fernales per group) as
shown iy Table 2.

Table 2: Summary of Repeated Dose Toxiclly Studies in Animals
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Group Treatment Dose

Left Eve Right Eye
1 Vehicle (0.0% | 40 ul/vehicle 40 yi/saling
hydralazine
hydrochloride)
0.5% 40 uL/0.5% 40 pl/venhicie
hydralazine
hydrochloride
3 1.0% 40 W1 0% 40 pyl/vehicle
hydralazine
hydrochioride
4 2.0% 40 ul/2.0% 40 yl/vehicle
hydralazine
hydrochloride

R

{01231 Group 1 received vehicle in the left eye and saline in the right eve, while
Groups 2-4 received hydratazine hydrochloride (either a low [0.58% hydralazine, w/iw,
0.2 mgfkgfdose], mid [1.0% hydralazine wiw, 0.4 mg/kg/dose], or high [2.0%
hydralazine, w/w, 0.8 mg/kg/dose] dose} in the left eye and vehicle in the right eve.
[6924] Afler 28 days of lopical ocular freatment, application of the vehicle or
hydralazing hydrochioride did not result In the development of significant doserelatad
toxicologic changes, including assessments of routine ocular evaluations, fonometry,
body weight, organ weight, clinical chemistry, ocular pathology, inflammation,
degeneration, or histologic evidence of toxicily in the eves of Dutch Belted Rabbits.
[3125]  The highest dose concantration administered in this study was the maximum
conceniration possible that could be prepared using the ophthalmic preparation
vehicle while maintaining good sciubility of the hydralazine active pharmaceutical
ingredient. The maximum dose volume that was adminisiered wés the maximum
volume that can be applied 1o the eys in the rabbit animal model. This resulted in a
maximum daily dose of 0.8 myg/kg/dose being administerad using a toial dose volume
of 40 1L per dose.

261 Food consumption was similar among &l groups and there were no
statistically significant differences in body weight between groups. No freatmeni-
related findings were noted on routine physical and clinical examinations. Thers werg
no unscheduled deaths.

1i27]  There were no statistically significant differences, in sither male or female
rabbits, between Group 1 and Groups 2-4 In macroscopic ocular examination findings,
for the measurements conducted on Day 28,

[01287  Light reflexes were sxamined pre dose and on Day 2¢. Al pupillary

responses at all ime periods were normal for aill treatment groups.
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(01291 A modified Hackett and McDonald microscopic ocular grading system
(Hackett 1996) was applied to ocular findings following the use of a slitlamp
biomicrescope, which included insertion of a blue filier to assess for flucrescein dye
retention.  For any evaluated microscopic ocular examination parameter, there were
no statistically significant differences, in either male or female rabbils, between Group
1 and Groups 2-4 during the pre dose or Day 23 study measuremant periods.

[3130%7  Mean tonometry (Tono-pen; Reichert Gpnhthaimic Instruments, Depew, New
York) readings of 1OF in control and test rabbits pre-dose and on Day 29 were
between 15-25 mmbg, which is within the normal physiologic rangs.  Prior 1o
termination (Day 29), 1 parameter showed a statisticaily significant difference: When
compared with Group 1 means, the left eye mean [OF for Group 4 females was
increased, though the mean value (22 mmHg) was within the normal physiologic
range; furthermore, the left eye mean 10P was not different from the placebo-treated
right eye mean I0P in Group 4 females.

{1311 Mo statistically significant differences for hemaioclogic indices occurred
between groups during any period of the study other than a tow log transformed
absclute eosinophil count in femaile rabbits in Groups 2 and 4 in the Day 29 samples.
[0132] No statistically significant differences for serum chemistry indices ocourred
between groups during any pericd of the study with the exception of low cholesiero
values in females in Groups 2 and 4 in the Day 28 samples.

{01331  There were no statistically significant differences, in mean organ weighis
and relative organ weighis, for both male and female rabbits, between Group 1 and
Groups 2-4. There were no significant gross pathologic changes observed during
necropsy that could be considered to be dose-related.

[0134] Forty (40) sets of hematoxylin and eosin stained slides consisfing of
temporal, central {including optic nerve), and nasal sagittal seclions of each eye,
lacrimal glands, and ocuiar adnexa underwent histopathologic examination by a
board-certified veterinary ophthalmologist,  In all groups, findings consisted of
conjunctval lymphoid follictes, focal or diffuse loss of comeal epithelium, and/or retinal
folds. These findings occurred in nearly equal frequency between the right and left
eyes and among Groups 1 through 4 and are associated with processing artifacts and
considered incidental findings.  Daily application of up to 2.0% hydraiazine
hydrochloride or vehicle did not result in the development of ocular pathology,
inflammation, degeneration, or histologic evidence of foxicity in the eyes of Dutch

Belted Rabbits after 28 days of topical ocular reatment.
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10135] Based on the results oblained from these ocular dosing studies performed
with the proposed formulation, it would appear that formulated doses of hydralazine
hydrochloride of up to 2.0% w/w should be reascnably well tolerated and safe for use

in the human eye.

Example ©
ffect of Hydralazine Formuiation on Choroidal Blood Flow
{8138] A 1.0% hydralazine ophthaimic solufion was prepared essentially as
described in Example 1.
[0137]  Twelve female New Zealand white rabbils, weighing 2.5-3.0 kg, were
anesthetized with 35 mg/kg ketamine and 5 mg/kg xylazine intramuscularly.  Half of
the inttial dose was given hourly to mainiain anesthesia.
1061281 An ocuiar hyperiensive model was created by raising the intraccular
pressure of the left eye to 40 mmHg by anterior chamber punciure to establish the
ocular hypertensive model The left ventricle was cannulated through the right carotid
arfery for the injection of microspheres (IMT-Stason Laboratories, Irvine CAL The
femcral artery was cannulated for blood sampling.
i0138] 50 pl of a saline soluticn {n=5), as a control, or the 1.0% hydralazine
ophthalmic solution (n=7}) was instilled iopicaily in the left eye. Choroidal biood fiow
was measured with colored microspheres at 0, 30, 80, and 120 minutes thercafter. Al
each fime point, 0.2 mbL of different colored microspheres was injecied into the left
ventricle as a reference, and blood samples were teken from the femoral artery for
exactly one minute following injection of the microspheres. The blood sample was
collected in a heparinized tube, and the volume was recorded.
(01481 The rabbits were euthanized with an injection of 100 ma/kg penicbarbital
sodium after the last blood sampling. The left eyes were enucleated and choroids
excised. The lissue samples were weighed, digesied, and the miorospheraes in the
tissue were counted with a hemocytometer. The blood flow of each tissue at a ceriain
fime point was calculated using the following equation:
Qm=(Crm X Qr}{iCr
where Gm is the bicod flow of a tissue in terms of ul/min/mg, Cm is the microsphere
count per mg of tissue, Qr is the flow rate of the blood sample in terms of pl/min, and
Cr is the iotal microsphere count in the referenced blood sample.
(31411 The 1.0% concentration of hydralazine eyedrops was found fo significantly
enhance choroidal blood fiow in rabbits 30 and 80 min after drug instiflation as

compared with the control (F=<0.05), with the results shown in Fig. 1.
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EXAMPILE 7
in Vivo Effect of Hydralazine Formulation on Laserdnduced Chorpidat
Meovascutarization
01421 0.5%, 1.0%., and 2.0% hydralazine ophthaimic solutions was prepared
essentially as described in Example 1.
{01431  Twenty-five Brown-Norway rats, weighing 150-180 g, were anesthatized
with 35 mg/kg ketamine and 5 mg/kg xylazine intramuscularly.  Pupils were diiated
with a topical application of 1% fropicamide (Bausch & Lomb; Tampa, Fla.) and 2.5%
phenyvlephring.  The ocular fundus was visualized with a VOLK super pupil XL
bicmicroscopy lens {(Keeler instrument, Inc., Broomail, PA) A double frequency
Nd:YAG laser (Laserex LP3532; Lumenis Inc,, Salt Lake City UT} was used af a 532
nmt wavelength to penetrate Bruch's membrane. The spot size was 100 umi. Power
delivered was 200 miW, spplied for .15 second exposure. 3Six lesions wers made o
the ocular fundus at approximately equal distances from the optic nerve. Only laser
spots  with  bubble formétion were included.  Lesions with substantial retinal
hemaorrhage were exciuded.
0H4]  Hydralazine eyedrops comprising 0.5% (n=5), 1.0% (n=10}, or 2.0% (n=5)
hydralazine hydrochloride or saline eyedrops (n=5) were instilied bilaterally 3 times
per day for 4 weeks immediately after laser treatment.  Administration of drug
imrmediately following laser treatment is a considered o be a better model for dry AMD
and differs from the normal laser-induced CNV (wet AMD) model in which drug is
administered after around 2 weeks foilowing laser insult at the point that bleeding
OGOCUPS.
{01457 Fluorescein anglography was periormed after four weegks of treatment in
anestheiized animals with dilated pupils using a Digital Fundus Camera (TRC-50 EX:
Topeon, Japan) and standard fluorescein filter. 0.3 ml of 10% fuorescein
isothicoyanate-dextran {Sigma-Aldrich Inc., St Louis, MO) was iniected infravenously
via the hypogiossal vein at 0.14 mL/100 g of body weight. Fluorescein pictures ware
captured within 20 minutes, and pictures with the clearest quality were chosen for
measuring the areas of CNV formation using Imagenet 2000 digitat imaging systems
{Topcon Medical Systems, Inc., Paramus NJ) with the results shown in Fig. 2.
{0148]  After fluorescein angiography piclures ware captured, rats were sacrificed
and the eyes were enucleated and fixed in 10% phosphate-buffered formalin, The
carnea and lens were exoised and the entire retina was carefuilly dissected. Radial

cuts (usually 4-6) of the choroid were made from the edge of the choroid 1o the
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gquator, and the eyecup was flat mounted with the choroid facing up. Flat mouhts
were imaged by flucrescence microscopy on an Axioskop microscope {Zeiss,
Thomwood, NY), and image-Pro Plus software (Media Cybemetics, Silver Spring,
MD) was used to measure the area of CNV with the resuits shown in Fig. 3.

(01477  After 4 weeks of treatment, all of the treatment groups democnstrated
significantly reduced CNV arga (P < 0.05 for 2.0%; P < 0.01 for 0.5% and 1.0%) on
fluorescein staining. The same results were demaonstraied on the choroidal flat mount
(P < 0.01 for ali groups).

[3148]  In both of these analyses, significant reduction was seen at least with the
1.0% hydratazine hydrochloride ephthalmic solution, which also had shown significant

reduction in chareidal blood flow.

EXAMPLE 8
In Vitro Effect of Hydralazine Formuiation on Tube Formation

[0149]  Endothelial cells will form tube-like structures in vitro when grown on a
malrix gel surface under the proper growth conditions. This study measured the ability
of hydralazine formulations to inhibii tube formation in vilro and represents an in vitro
anti-anglogenesis assay

191801 Human Umbdlical Vein Endothelial Cells (HUVEC) were purchased from
ScienceCell {(San Diego, CA). The medium was prepared with endothelial hasal
medium (EBM-2; Lonza Walkersville Inc., Walkersville, MD), 10% feial cafile serum,
and endothelium growth medium (EGM-2 SingleQuots; Lonza Walkersville Inc.), which
contains 2 mM glutamine, 100 units/mbL penicillin and 100 ug/mL sireptomycin.
Hydralazine ai concentrations of 0 (centrol}, 1, 3, 10, 30, and 100 ug/ml. was added io
the medium at time 0. Cells were cultured at 37°C on a 2.5% matrix gel in an
atmosphere of 5% CO, and 85% air, and HUVEC were incubated for 48 hours.
images of the cell morphology were obtained using conventional photomicroscopy
(Zeiss). The in vitro experiment studying tube formation by HUVEC was repeated 3
times.

9151]  Treatrment with 1 mg/mb of hydralazine was found not o be differsni from
the conirel. With 3 pg/ml of hydralazine some HUVEC falled to grow into tubes, and
this effect became most apparent at 30 pg/mb of hydralazine. Hydralazine at 100
ug/ml caused apoptosis.
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EXAMPLE &
In Vitro Effects on Sodium lodate-Induced Rat Model of Nonexudative Aga-
Helated Macular Degeneration

i0132]  Intravenous injection of sodium iodate (NalOs) resuls in selective toxicity fo
cells in the retinal pigment epithelium (RPE) (Noell 1853). The effects on the RPE are
dependent on the dose of Nal0;. This approach was used o create a rat modal of
nonexudative AMD in which the potential protective effects of hydralazine formulations
could be evaluated.

{01531 A heman retingl pigment epithelial cell line {(ARPE-19; American Type
Culure Collection, Manassas, VA) was used 10 evaluate the toxicity of NalOs in vitro.
Cells were incubated at 37°C in a humidified atmosphere of 5% CO, and 95% air.
Growth medium was composed of 111 mixture of Duibecco’s Modified Eagie's Medium
{(DMEM) and Ham's F12 medium containing 1.2 g/l sodium bicarbonate, 2.5 mM L-
glutarnine, 15 mM HEPES, 0.5 mM sodium pyruvate, and 10% fetal bovine serum {all
from tnvitrogen). Confluent cultures were harvested by digestion with 0.25% Irypsin-
0.2g/l. ethylene diamine tetra acetic acid (EDTA} (Sigma-Aldrich). For the cell
profiferation assay, ARPE-19 cells were grown in 86-weoll tissue cullure plates
overnight.  Medium was then replaced by fresh medium confaining various
concentrations of NalO; (0, 0.01, 0.03, 0.4, 0.3, 1, 3, 10, 30, 100 pg/ml). Afier
incubation for 48 hours, celis were washed with Dulbecco’s phosphate-buifered saline
1 time and further incubated with 100 pl of 10% 3-(4,5-dimethyihizzok2-yl)-
2 adiphenyl tetrazoliom bromide (MTT) for exacliy 4 hours. Media was then removad
by aspiration, 100 pl of DMSO was added into each well, and dishes were shaken for
2 minutes to dissolve the cells and colored formazan product.  Light absorbency in
cach weil was read at 570 nm (GD570) using a SpecitraCount plate reader (Packard
BioScience, Meridan, CT). The effect of the added NalO; on cell viability was
calculated as the ratio of the OD570 of the NalOs-exposed cells to the OD570 of the
control cells, expressed as a percentage of the control. The experimeant was repeated
G fimes using § wells for each group during each experimant,

(1841  The MTT colorimetlric assay was used to quantify the toxic effects of NalO,
on RPE cells in vitro. At NaiO; concentrations of 10 ug/mbL or lower, there was no
significant reduction in the growth of the cells. MalOs concentrations of 30 pg/ml and
100 ug/ml reduced the number of viable ARPE-18 cells to approximately 65% and

40%, respectively, of the level observed in the control.

39



WO 20T 3/1BEIYT POT/USZ013/044017

EXAMPLE 10
i Wivo Rat Mode! of Bodium Indate-Inducad Monexudative Age-Related Macular
PRegensrafion
[0155] For establishment of the NalO:; model, 28 eight-week-old male Brown
Norway rats (Texas A&M University, Texas) were housed in a standard animal room
with a 12:12 hour cyclic lighting schedule.  Animals were fed with normal food and
water. Al procedures conformed to the ARVO Resolution on the Use of Animals in
Cphthalmic and Vision Research.
{01587 MNalOs (Sigma-Aldrich) was dissolved in saline al a concenfration of 3.0%.
Rats received a single injection of NalQ; through the sublingual vein at doses of 0,
7.5, 15, 20, 30, 40, and 60 mg NalOs/kg of body weight {4 rats each per concentration
group).
(015871 Funciional {ERG, fundus pictures, and fluorescein angiography) and
histologicatl changes were examined selectively at time points between 3 and 56 days
post injisction.
(01581 For the experiments with hydralazine 1.0% ophthalmic solution (Pam Lewis
Associates, San Antonio, TX), the normal group was instilled bilaterally with saline
glone without NalQ; injection. The NalQs group was instilled with saline alone after a
single injection of 35 mg/kg NalQ,, and the hydralazine 1.0% - NalOs; group was
instiiled with hydralazine 1.0% sysdrops giter an injection of 35ma/kg NalOs.  All
eyedrops were instilled 3 times per day for 4 weeks, beginning immediately post
injection.
(01591 Functional festing of the refina was performed using an EPIC-2060 Visual
Electrodiagnostic Testing System (LKGC Technclogies, Inc., Gaithersburg, MDY, The
flash stimulation was supplied by a Grass Instruments PS22 photic stimulator (Grass
Insiruments Co., Waltham, MA). The photostimulator was positioned 5 inches from
the eye. Al sach endpoint (2 and 4 weeks), the electroretinogram (ERG) c-wave was
measured in all rais as foliows. Rals were dark adapted overnight, then anesthelized
with 35 mg/kg ketamine plus 5 mg/kg xytazine given intramuscularly. Haif of the initial
dose was given sach hour thereafter to maintain anesthesia. The pugiis of all rals
were dilated with 1 drop each of atropine 1%, tropicamide 1%, and phenyiephrine
2.5%. Before recording, 1 drop of aplicaine was used for surface anesthetization. Al
animais ware kept warm during ERG measurement.
101807  The ratretina was irreversibly damaged by high doses of NalQs, from neural
retina layers lo photoreceptor and RPE cell lavers. High doses of Nal0; induced

savere retina toxiclty, with lower doses, nol as many or as severe changes were
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found. These results indicate that a moderate dose of NaiQ; would be suitabie for the
animal model for treatment of dry-AMD; 30mg/kg to 40mg/kg NalOs would be optimal
for use in this animal model.

[0181] Each rat was measured by DC-ERG recording first, then by ACERG
racording. For AC-ERG recording, an Ag/AgCl electrode was placed gently in contact
with the comea as a reference electrode. A drop of Nall 0.9% was used between the
comea and the electrode to establish stable signal conductance. A slainiess steel
long efectrode was inseried beneath the forehead skin between the 2 eyes, and
another stainless steel short electrode was inserted subcutaneously in the leg as a
ground electrode. A single scolopic white flash (20 ms duration) was used to elicit
ERG and b-waves. The intensity of the stimulus was 628 cds/m2 and bandpass
filterad from 0.3 to 500 Hz. For DC-ERG, per previously described methods (Peachey
et al, 2002, Vis Neurosci, 19(6):693-701), a 1-mm diameter glass capillary tube with
Hlament (Sulter Instruments, Movato, CA) that was filled with Hank’s balanced salt
solution {Invitrogen, Carlsbad, CA} was used to make contact with an Ag/AgCl wire
electrode with an attached connector. The capiliary tube was in contact with the rat's
corngal surface. Another similar elecirode placed on the surface of the coniralateral
aye served as a reference lead. Responses were amplified (DC-100 Mz, gain=1000X)
(DP-301; Warner Instruments, Hamden, CT) and digitized at 10 Hz or 1000 Hz, Data
were analyzed by IWORXK LabScribe Data Recording Software ((WorkOCR Sciences,
Dover, NH). Light stimuli were derived from an optical channel using a fiber-ite high
intensity fluminator (Dolan-denner industries, Boxborough, MA), with neutral density
filters {Oriel, Stratford, CT) placed in the light path to adjust stimulus luminance. The
stimulus fuminance used in this experiment was 3.22 fog cd/m2 and 4 minules in
duration. Luminance calibration was performed with a Minolia (Ramsey. NJ) LS-110
photometer focused on the output side of the fiber optic bundie where the rat eve was
located.

i0184]  During AG-ERG recording, the a-wave was measured from baseline © the
firsl negative trough; maximum b-wave amplitude (Vbmax) was measured from the
first negative trough (a-wave) to the first positive peak of the b- wave. For the DC-
ERG recording, the second positive peak that followed the b-wave was the c-wave,
the amplitude of which was measured from the trough after the bwave (which was the
after potential; AP) to the peak of the c-wave. The amplitude of fast osciliation (FO)
was measured from the c-wave peak fo the FO trough. The light peak (LP) was

measured from the FO trough to the LP maximum (Peachey 2002).
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(01837 A digital fundus camera (TRC-50EX; TOPCON) and Imagenet 2000 digital
imaging system (Topcon Medical Systems) were used io capiure retinal colored
pictures and fluorescein angiograms. When using flucrescein angiography, 10 mg of
fluorescein sodium was injectad through the hypoglossal vein of the rats. Anesthasia
and pupil dilation were performed as described above.

(1841  After functional examination, all rats were sacrificed. In approximately 16
rats {from different hydralazine treatment groups), the eves were removed and fixed in
2.5% glutaraldehyde for 2 hours and then in 5% formalin overnight; 1 eye frorm each
animal was used for histclogy and immunochistology studies, and the other eye was
orepared  for aulofluorescence measurement on flat mounts. For histologic
assessments, parafiin-embedded tissues were seclioned at 3 pm thickness. Eyes
were incised from the comea 1o the oplic nerve head along the vertical maridian, then
stained with hematoxyiin ahd eosin.  An Axioskop microscope (Zeiss) was used fo
capture the images. For preparation of flal mounts, 1 eye from each animal was
enucieated. After fixation, the anterior part of the eye, as well as the comea, lens, and
sensory refina, were gently removed and the remaining eyecup was washed in PBS.
Four cuts were made from edge to centar 1o assist in flaftening the eyecup onto a
glass slide. The aufoflucrescence of the RPE in flat mount was siudied and captured
on a confocal microscope (Zeiss LSMH1G; Zeiss) using an Argen laser (wavelengih
488 nm).

FB5] A Student tlest was used for statistical analysia. A {-talled t test was used

for the in vivo experiment, and a 2-tatled | test was used for the in vilro assay.

Huorescein Angicgraphy and Fundus Photoaraphy

foag]  Hyperfluorescence in the whole retina was observed as early as 3 days after
injection in the 60 mg/kg NaiQs dose group; however, there were no obvious changes
seen in fundus pictures at this early fime point. Partial retinal hyperfluorescence could
be seen at 3 days after injection in both the 40 mg/kg and 30 mg/kg NalOs dose
aroups, but the effect was not as proncunced as that observed in the 80 mg/kg group.
Hypofluorescence was evident in the peripheral retina at longar limes post injection
{defined as vetween 28 and 56 days). Yellow dois or scars, which were related to the
dose of MalQ; and were indicative of necrosis, could be seen as early as 7 days in all
3 groups from the peripheral to the central retina.  In the 20 mg/kg Nal(s group,
changes were not obvious uniil 28 days in both the fundus piclures and fluorescein

angiography.
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Effects of NalOs on ERG

{01877  Single injections of NalQO; at doses of 40 or 60 mg/kg had dramatic effacts
on the on the maximum b-wave amplitude (Mbmax} that were apparent by 3 and 7
days after injection. The £ERG b-wave disappeared completsly in the 60 mg/kg group
by 28 days after freatment. In the 40 mg/kg group, the b-wave magnitude decreased
significantly by 3 davs post injection and continued to decrease at all subsequent time
points; at 50 days, there was no measurable b-wave. Twenly (20) mgikg NalQs
decreased the bwave magnitude at 7 days, bui it recovered fo the level seen in the
control group at 14 days and thereafier.

{01881 NalOs; doses of 15 or 7.5 mg/kg did not suppress any of the ERG waves at
any fime point. A single injection of 30 mg/kg NalOs caused a decrease in all of the
ERG waves at 7 days post injection. The a-wave and b-wave signals in the 30 mg/kg
dose group appeared to recover at the later ime points (14 days and 28 days). in
confrast, the c-wave signal was suppressed at all time points after the 30 mg/kg NalO,
injection. The FO and LP indices were measured relative to the c-wave and reflect the
MalO; dose response sean in the c-wave data,

(16851 The ERG c-wave originates in the RPE. The suppressive effect of NalQ; on
the ERG c-wave signal is consistent with the known toxic effects of this compound.
The long-term suppression of the ERG c-wave signal supports the use of this rat
mode! for the study of nonexudative AMD.

Efiects on Retinagl Histopathology

701 Some retinal necrosis appeared at 3 days post injection in the 30 mg/ky
NalOs group, which became more serious in the higher dose groups (i.e., 40 or 80
mg/kg NalOs) or at longer times after injection. There were no histelogical changes
avident in retinas from rais in the lower dose groups {< 30 mg/kg). Similarly, on the
retina flat mount, examination of the RPE monolayer showed evidence of necrosis at 3
days after injection in the higher dose groups; no significant changes were seen in the
30 mg/kg NalOs and lower dose groups. A decreass in the density of both RFE cells
and photoreceptor celis was evident in retinas from rats in the 80 mg/kg group at 3
days or longer post injection.  In the 40 mg/kg dose group, simiar changes were
observed beginning at 7 days after injection. A decrease in the number of melanin
granules in the RPE cells was notad in the 30 mg/kg NalOs dose group beginning at 7
days post injection.  No obvious changes were seen in the 20 mg/kg NalQO; dose
groun.,

11711 In flat mount preparations, laser-induced autofluorescence of the RPE cells
was measured by confocat microscopy. After doses of 30 mg/kg NalO; or higher,
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small holes were observed in the RPE at 3 days, which increased in number at lenger
times post injection. These defecis in the RPE auiofluorescence signal indicate
regions of necrosis of RPE cells. in the 20 mg/kg NalO, dose group, small holes in
the RPE autofluorescence were observed beginning at 7 days, and were fewer in

number than that observed in the higher dose groups.

Abtlity of Hydralazine Formulations to Block NalOs-Induced Damage

[0172] thased on the resulis of the lime- and dose-dependence experimenis
described above, a concentration of 35 my/kg MalO; and a time point of 28 days were
as chosen for the experiment o lest the ability of hydralazing 1o block the effects of
NalO; on rat ERG patterns. The normal group did not receive any NalOj and received
saling-only eyedrops. At 4 weeks after injection of Nal0Oy at a dose of 35 mg/kg, the
ERG cwave ampliude fell markedly o 31% of that in the control group (P <0.01).
The ERG c-wave amplitude of the hydralazine 1.0% + NalO; group fell to 50% of that
of the controf group (P < 0.05). The magnitude of the c-wave signal observed in the
1.0% hydralazine + NalOg group was significantly greater than the signal in the NalOs-
only group (P < 0.01) (Figure 4). This demonsirates a protective effect of the
hydralazing 1.0% eyedrops in this model; the hydralazine blocked {or restorad) 1% of

the damage to the RPE cells caused by the NalQ, injection.

EXAMPLE 1
Antioxidant Effect of Hydralazing on Ratinal Plgment Epithelial Ceils
Guantitative Determination of Cell Damadae Induced Oxidative Stress
{09731 The human RPE cell line ARPE-18 {ATCC; Manassas, VA) was cultured in

Bulbecco’s Modified Essential Medium (DMEM) supplemanted with 10% fetal bovine

serum, 50 units/mi. penicillin-sireptomycin and 2.5 mM glutamine at 37° incubation
with 5% CO,  The celi line was not transformead and had structure and function
properties characteristic of RPE in vivo. The celis were seeded into 96-well plates,
and subconfluent celi menolayers were studied within 3 to 10 passages. Before
starting the experimenial procedures, the medium was removed and replaced with
phenol red-free low-glucose DMEM supplemented with 1% calf serum, 0.06%
glutamine, and 1% peniciliin-streptomycin,

(174l Cultured ARPE-19 cells, ai a concentration of 1105 celis/ml., were seeded
into 96-well piates. The cells were used for experiments when they reached 80%
confluence to prevent contact inhibition.  The ARPE-18 cells were exposed to

chemical agents designed to simulate oxidalive stress (HO,, +BMP) or hypoxia
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{NalOgz}, and the ability of various concenirations of hydralazine (1, 3, 10, 30, or 100
ug/mlb) to block the damage was measured.

[61751  For the oxidative stress and hypoexia experiments, the particular chemical
agent and the hydralazine formulation were both added to the wells (or just the
chemical agent for the controls), and the plates were incubated at 37°C for 24 hours.
Cell viability was assessed using a8 3-(4,5- dimethylihiazol-2-y()-2,5-diphenyi
tetrazofium bromide (MTT) assay to determine the relative number of living ceils in
each cuiture (only live cells have the mitochondrial enzyme aclivity needed o convert
the MTT molecule inlo the dark purple substance formazan) (Swanson, 1992,
Neurosci Lett, 147(2):143-148)).  After the 24-hour exposure, the MTT reagent
solution (5 mg/mb) was added to each well in a ratio of 1110 MTT reagent:cuiture
medium volume. The culiures were incubated with the MTT reagent for 3 hours at
37°C. At the end of incubation, the MTT soiution was removed, and 0.1 mL of
dimethy! suifoxide (DMSO0) was added to sach well o solubliize the purple formazan
product. The proportion of viable cells was determined by measuring the optical
density (OD) of each sample at 570 nm (AS70) using a SpeciraCount plate reader
(F’éckard BioScience, Meridan, CT). The relationship between the OD readings in the
MTT colorimetric assay and the exact cell nurnber was determined by seeding cells at
identical densities and then performing the MTT assay and manual hemocylomeater
cell counts on parallel replicate culiures. Trypan blue was added 1o ihe
hemogcviometer cultures so that only viable, dye-excluding cells were counfed. This
approach enabled the establishment of a standard curve for A570 versus cell number.
161767 Chemical hypoxia was induced by using a modified methed described by
Swanson et al. (Swanson 1992; Varming 1998). RPE cells were washed and
replaced with fresh DMEM-F12 medium containing varicus concentrations of NaN3
(0.1 mM~100 mM). The hydralazine formulation was then added and the cultures and
fost agent werg incubated Tor 24 hours at 37°C. Reaclions were stopped by washing
out the medium. MTT reagent solution (b mg/mbL) was added in a ratio of 110 MTT
reagent:ouiture medium volume and then incubated for 3 hours al 37°C. Atthe end of
incubation, the MTT solution was removed, and 0.1 mL of DMSO was added to each
well 1o solubilize the purple formazan preduct.  The proportion of viable cells was
determined by measuring the OD of each sample at 570 nm using a SpectraCount
plate reader (Packard BioScience, Meridan, CT1).

(D177 All data were presented as mean * standard error. A nonpaired Student ¢

test was performed to analyze the significance between 2 means at a certain fime
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point. The differences were considered significant at P <0.05. Results for nitric oxide

measurements were expressed in uM nitrite and nitrate per 1x10° cells.

Effect of Hydralazine on IBHP-Induced Toxicity

01781  Cell viability of the controis (cells treated with {BHF alons) was reduced 1o
89.90% + 2.80% after insult with 0.01 mM tBHP and to 55.80% % 4.08% after insult
with 0.03 mM BHP. Hydralazine formulations inhibited 1BHP-induced cell damage in
an apparent concentration dependant manner after insult with 0.01 mM and 0.03 mM
of BHP. The maximum viabiity protection effect after Insult with both 0.01 and 0.03
mi BHP was observed with 100 ug/ml of hydralazine (109.99% + 2.41% for 0.01
mivi 1BHP; 100.84% + 13.00% for 0.03 mM IBHPY; as compared with the controls,
these differences were stafistically significant (P <0.001). A statisfically significant
protection effect (P <G.01) was aiso observed with 30 po/mi. of hydralazine afier insult
with 0.01 md BHP and with all concentrations of hydralazine (P <0.001) after insuit
with £.03 mM BHP.

Effect of Hvdralazine on Ho.Ow-Induced Toxicity in ARPE-189 Ceils

(61741 Cell viability of the controls (celis treated with H(O; alone) was reduced to
48.74% = 2.40% after insult with 0.3 mM H,0p and 1o 41.28% + 0.80% after insult with
1.0 mM H:0,. The hydralazine formulations inhibited HOx-induced cell damage in an
apparent concentration dependent manner after insull with 0.3 mb and 1.0 mM of
Hz02. The maximum viability protection effect afler insuit with 0.3 mM H:O, was
observed with 30 ug/mbL of hydralazine (74.30% + 0.80%); as compared with the
control, this difference was siatistically significant (P <0.001). The maximum viability
protection effect after insult with 0.3 mM HxO,; was observed with 30 ug/mb of
hydralazine (68.04% = 0.67%); as compared with the conlrol, this difference was
statistically significant (P <0.001). A statistically significant protection effect was also
observed with 100 ug/mbL (P <0.001) and 10 pg/mL (P <0.001) of hydralazine afler
nsult with 0.3 mM H,O0 and with 100 pg/mi. (P <0.001) of hydralazine after insult with
1.0 mM HaGs.

=Hect of Hydraiazine on Hypoxia-lnduced Ceali Damaae in ARPE-18 Cells

{807  in vitro hypoxia treatment was carried out using a ProOx hypoxia system.
ARPE-19 cells were allowed o altach overnight and were then exposed to hydralazine
{G.1~100 pg/ml) under normosdic or hypoxic condition for 24, 48, and 72 hours. in
hypoxia, oxygen concentrations of 1% O, and 5% CO; were maintained using a
emperature- and  humidity-controlied  environmental C-chamber by O, and CO»
controllers (ProOx Model 110 and ProC02 Model 120; BloSpherix Lid., Redfield, NY)
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with Ny and CO, gas sources. Reactions were stopped by washing out the medium,
and 5 mg/mL MTT at a dilution of 1:10 based on the volume of culture madium was
added for 3 hours at 37°C. At the end of incubation, the MTT soluticn was removed,
and the ceils were dissoived in 0.1 mi/well DMSO. The proportion viable celis were
determined by measuring the OD of each sample at 570 nm using a SpeciraCount
plate reader {(Packard BioScience, Meridan, CT).

01813 Cell viability of the controls (cells exposed to 1% Q2 and 5% CO2 without
hydralazine treatiment) was 98.91% = 0.58% and 87 .45% + 6.52% at 48 and 72 hours,
respectively.  Hydralazine formulations significantly reversed hypoxia-induced cell
damage as compared with controls. The maximum reversion effects were seen with 1
pg/ml. of hydralazine at 48 hours (101.21% + 0.54%; P <0.001) and 72 hours
(103.55% + 1.75%; P <0.001).

EAAMPLE 12
Effect of Hydralazineg on Nitrie Oxide (NO) Production in ARPE-14 Cells
0821 Following exposure to a hydralazine formulation and incubation with
chemicals as described in the previous section, samples of phenol red and
dexamethasone-free culture media were exiracted and levels of niliite and nilraie, the
relatively stable end products of nitric oxide (NQO), were delermined using the
nitrite/nitrate Greiss reagent system. Fifty {80) pL aliguots of phenol red-free culture
medium in 60 pl. assay buffer were incubated with 10 pL each of nifrate reductase
preparation and nitrate reductase cofactor preparation (proprietary concentrations),
which converis nitrate fo nilrite, for 60 minutes at room lemperature in 96-well
microassay piates. After the requirad incubation time, 10 pL of DAN reagent was
added o each well, incubated for 10 minutes and then the reaction was stopped with
20 uL of NaOH added to each weli. The total nitrite/nitrate was determined by
measuring the OD of each sample at 540 nm using a SpeclraCount piate reader
{Packard BioGBoience, Meridan, CT). Data were caloculated with nitrate standard curve.
B3l Mo signifcant effect of NO oroduction was delectad after treatment with the

hydratazine formulation.

EXAMPLE 13
Treatment of Mon-exudative Age-Related Macular Degeneration {dry AMD) with
Hydralazine Hydrochlorids Ophthaimic Formulation
(01841 The study is a vehicle controlled, double masked, single center study in

which a single eye of 80 human individuals with mild to moderate nonexudative AMD
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is randomly assigned to receive either topical hydralazine hydrochloride 1% or a
vehicle control three times a day for 2 years. The analysis of the primary and
secondary endpoints is conducted when all subjects have completed 12, 18 and 24
months.

(01857 A 1% hydralazine hydrochioride ophthaimic solution is supplied as a
colortess isotonic solution containing 1% (10 mg/ml) hydralazine hydrochioride, which
18 Tilter sterilized. Inactive ingredienis include: edetate disodium, sodium chioride, and
propylene glycol in an acetate buffer solution (all United Siates Pharmacopeia [USP]
grade) at a pH range of 3.8-4.4 and osmolality range of 300-340 mGsmoiikg in
addition to benzalkonium chioride and methyl parabens as preservative.

[0188] The vehicle is manufactured in an identical mannser to the hydralazine
hydrochloride ophthalmic solution but without the active agent. Each botile coniains 7
mbL and botiles have a dropper that measures 490 to 50 microliters per drop.

(61877  The formulation and vehicle control are self-administered by the patient
three times a day: morning, afterncon, and evening. Each drop consisis of a 40-50 ul.
drop of 1% hydralazine hydrochloride active ingradient in a sterile saline vehicle with
preservatives. The drug or vehicie is self-administered by instillation of one drop into
the study eve TID for 24 months.

(01881  Pre-treatment ocular examinations {reatment eve only} are performed and
include: ETDRS visual acuily, refraction, intraccular pressure, pupil assessment, slit
lamp examination {(assess lids/lashes, coniuncliva/sclera, cornea, anierior chamber,
iris, tens, anterior vitreous), and dilated fundoscopy (assess oplic nerve, vitreous,
vessels, macula, and perighery). Additional festing of the treatment eve includes: dark
adaptation, flaveprotein  fluorescence, livofuscin  fluorescence, color  fundus
photography, OCT, and choroidal flowmetry, At one month and three months after
treaiment, an ocular examination is performed in the study eye including: ETDRS
visual acuily, refraction, infraccular pressure, pupil assessment, slif lamp examination
{assess lids/lashes, conjunciiva/sclera, cornea, anterior chamber, iris, lens, anieror
vitreous), and dilated fundoscopy (assess oplic nerve, vitrecus, vessels, macula, and
periphery). AtS, 12, 18 and 24 months, an ocular examination of the freatment eye is
performed as well as festing of the frealment eye.

{01891  The primary efficacy measure, dark adaptation (rod intercept) is analyzed by
a comparison of the treatment groups on the change from baseline in rod intercept, by
computing the siope {best linear fit) of the rod infercept data across visits to vield an
arnualized rate of change. Dark adapiation allows for quantification of outer retinal

parameters such as rod function. it is measured with a computerized dark
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adaptometer (AdaptDx; Apeliotus Technologies, Atlanta, GA, USA) using methods
described by Jackson et al. (J Ocul Biol Dis Inform., 1:7-11, 2008). Dark adaptaiion
functions are plotted using Igor Pro (Wavemetrics, Portland, OR, USA). The primary
endpoint is the rod intercept, which is measured in minutes and presented on the
instrument. Additional measures include the cone sensitivity plateau value, rod-cone
break, and rod sensitivity recovery slope. The dark adaptation testing is performed at
the basaling, and 6, 12, 18, and 24 months after treatment.
01801 The primary efficacy analysis is conducted on the 12 month data. The study
continues to be double masked through 1o month 24 with a further anzalysis for efficacy
and safety at months 18 and 24.
{81811  If a subiect conlributes only one measure, a slope of zero is assigned. The
difference between groups in mean slope is tested using an analysis of covariance
model where freatment assignment is a fixed factor and the baseling rod intercept is a
covariate. Sensitivily analyses is performed with differeni methods of imputation for
missing slopes and those assigned a value of zero if there is differential missingness
batween groups.
82 A sample size of 30 in each group has 80% power o detect a ratio of the
difference in means o the common standard deviation of at least 0.863 using a twe
group t-test with a 0.05 two-sided significance level
101931  Example: if the 5D is 4 minuies and the difference between the groups is
3.45 minutes per year, then with 30/group there would be 90% power (3.45/4.00 =
(0.883).
01841 Secondary efficacy measures include: ETDRS visual acuity, flavoprotein
fluorescence, lipofuscin autofiuorescence, color photograph, OCT, dark adapiation
{cone sensilivity, rode-cone break, rod sensilivily recovery slope), and choroidal
flowmetry. Key secondary endpoint analyses include:
Change in rod intercept ime from baseline assessed when all subjects have
completed 16 months
Change in rod intercept time from baseline assessed when all subjecis have
completed 24 months
Mean intensity of flaveprolein fluorescence. The OcuMet Beacon (OculMet
Beacon, CouScience Inc., Ann Arbor, M) measures the flavoprotein
fluorascence (FPF} of retinal tissue. The FPF signai has been shown o
corretate with the metabolic state of mitochondria in retinal tissus. The
average intensity of FPF in grayscale units (gsu) and the average curve

width can be used as a functional measure o distinguish the leval of tissue
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dysfunction compared o baseline measures and control subjects. Five
FPF images, centered on the fovea, are obtained from the freatment eve.
FPF images, stored as 512x512 pixel files, are analyzed o produce
histograms. The histograms of pixael intensities, ranging from 0 to 85,536
grayscale units, are plotted for the treatment eye to vield an average gray
scale unit waveform. The flavoprotein fluorescence pictures ara taken at
the baseline, and after 6, 12, 18, and 24 months of freatment. Analysis is
parformed in a masked fashion utifizing compuler aclence axpertise in
development at QOcuScience, Inc.

Mean intensity of lipofuscin fluorescence: Lipofuscin is derived from the
lysosomal degradation of fipids, and its accumulation within the retinat
pigment epithelium (RPE) s a useful marker of RPE disease and
photorecepior degeneration. Conversely, ioss of lipofuscin fluorescence
may be a sign of geographic atrophy in AMD as RPE cells are lost.
Therefore, fundus autofluorescence may serve as a useful method of
moenitoring disease prograssion in AMD. Like quantification of flavoproiein
fluorescence, histograms of pixel intensities are plotted for the treatment
eve o yield an average gray scale unit waveform. In addition, geographic
atrophy is observed qualitativety. Lipofuscin fluorescence images are
obtained al the screening, baseline, and after 8, 12, 18, and 24 months
after treatment.

Mean retinal thickness by optical coherence tomography. The difference
between groups in mean change from baseline is tested using an analysis
of covariance moedel where reatment assignment is a fixed factor and the
haseline rod intercept is a covariate. Summaries provide resuils for both
ohserved cases and with last observation carried forward. Spectral domain
OCT (Heidelberg Spectralis, Heidelberg Engineering inc., Heidelberg,
Germany) allows for a cross-sectional image of the central macula (o a
resolution of approximately 5 microns. Post-imaging analysis will quaniify
the central retinal thickness, infegrily of the inner segment/outer segment
{(18/08) disrupticon, presence of vitreous traction, choroidal thickness with
enhanced depth imaging, and the presence of a choroidal neovascular
membrane or pigment epithelial detachment. OCT is taken at the

screening, baseline, and 6, 12, 18, and 24 months after treatment.
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1. An ophthalmic composition, comprising:
a pharmaceutically active drug comprising hydralazine in an amount betwesn
about 0.02-2 wi%;
an acetate buffer solution having pH of between 3.9-4.5 in an amount between 8-
12 wi%;
propylene glycol in an amount between 0.5-2 wi%;
sodium chloride in an amount between 0.25-1 wtSs;
methylparaben in an amount between 0.015-0.06 wt%;
benzalkonium chioride in the form of a 50% solution, present in an amount
between 0.01-0.04 wi%; and
edetate disodium in an amount between §.008-0.030 wt%;
wherein said composition has a pH of between 4.0-4.4.

2. The composition of embodiment 1, wherein the drug is hydralazine
hydrochloride.
3. The composition of the single or combined embodiments 1 or 2, wherein the

drug is present in an amount between 0.5-2 wt%.

4, The composition of the single or combined embodiments 1-3, wherein the
acetate buffer solution has a pH of 4.2 and is present in an amount of 10 wt%.

5. The composition of the single or combined embodiments 1-4, wherein the
acetate buffer solution is comprised of sodium acetate and 2N acetic acid.

8. The composition of the single or combined embodiments 1-5, whersin
propylene glycol is present in an amount of 1 wt%.

7. The composition of the single or combined embodiments 1-6, wherein
methylparaben is present at 0.03 wi%.

8. The composition of the single or combined embodiments 1-7, wherein
henzalkonium chioride in the form of a 50% solution is present at 0.02 wit%.

9. The composition of the single or combined embodiments 1-8, wherein edetate
disodium is present at 0.015 wi%.

10. A method for preparing an ophthalmic formulation, comprising:
mixing water and an acetate buffer solution having a pH 3.8-4.5 to form a first
interim mixiure, the acetate buffer solution added in an amount to provide
between about 8-12 wi% of acetate buffer solution in the formulation;
adding to the first interim mixture edetate disodium, to form a second interim
mixture, the edetate disodium added in an amount {o provide between about
0.008-0.030 wit% of edetate disodium in the formulation;

adding o the second interim mixture propytene glycol to form a third interim
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11.

12.

13.

14.

15,

16.

17.

18.

19.

mixture, the propyiene glycol added in an amount 1o provide between about
0.5-2 wt% of propylene glycol in the formulation;

adding to the third interim mixture sodium chloride to form a fourth interim
mixiure, the sodium chloride added in an amount fo provide between about
0.25-1 wit% of sodium chioride in the formulation;

adding to the fourth interim mixture benzalkonium chioride to form a fifth interim
mixture, the benzalkonium chloride added in an amount to provide between
about 0.01-0.04 wit% of benzaikenium chloride in the formulation; and

adding to the fifth inferim mixture methyiparaben fo form a sixth interim mixture,
the methyiparaben added in an amount to provide between about 0.015-0.06
wt% of methyiparaben in the formulation;

adding to the sixth interim mixture to form said formulation, a pharmaceutically
active driig comprising hydralazine.,

The method of embodiment 10, wherein one or more of the steps of adding
comprise mixing while adding.

The method of the single or combinad embodiments 10-11, wherein the
acetaie buffer solution is added in an amount to provide 10 wt% acetate buffer
in the formulation.

The method of the singie or combined embodiments 10-12, wherein the
acetate buffer solution is comprised of sedium acetate and 2N acetic acid.
The method of claim the single or combined embodimants 10-13, wherein
edetate disodium is added in an amount to provide 0.015 wi% edetate disodium
in the formulation.

The method of the single or combined embodiments 10-14, wherein propylene
glycol is added in an amount o provide 15 wit% propylene glycol in the
formulation.

The method of the single or combined embodiments 10-15, wherein sodium
chloride is added in an amount {o provide 0.5 wi% sodium chioride in the
formulation.

The method of the single or combined embodiments 10-16, wherein
henzalkonium chioride is added in an amount to provide 0.02 wt% benzalkonium
chioride in the formulation.

The method of the single or combined embodiments 10-17, wherein
methylparaben is added in an amount {o provide 0.03 wit% methyiparaben in the
formulation.

The method of the single or combined embodiments 10-18, wherein the
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20.

21,

22.

23.

[0195]

pharmaceutically active drug is hydralazine present in the formulation at
between 0.5-2 wit%.

A method for treating macular degeneration, comprising:

administering to an eye of a subject at risk of or diagnosed with macular
degeneration, an ophthalmic composition according to any one of claims 1-9 or
the formulation prepared according to the method of claims 10-18.

The method of embodiment 20, wherein said macular degeneration is age-
related dry macular degeneration.

The composition of the combined or separate embodiments 1-9 or an
ophthalmic formulation formed by the method of the combined or separate
embodiments 10-19, for use in treating macular degeneration.

The composition or formutation of embodiment 22, for use in treating dry age-
related macular degeneration.

While 2 number of exemplary aspects and embodiments have been discussed

above, those of skill in the art will recognize certain modifications, permutations,

additions and sub-combinations thereof. 1t is therefore intended that the following

appended claims and claims hereafter introduced are interpreted to include all such

modifications, permutations, additions and sub-combinations as are within their frue

spirit and scope.
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IT1S CLAIMED:

1. An ophthalmic compositioh, comprising:

a pharmaceutically active drug comprising hydralazine in an amount between
about 0.02-2 W%,

an acetate buffer solution having pH of between 3.9-4.5 in an amount between 8-12
wi%;

propylene glycol in an amount betwsen 0.5-2 wi%;

sodium chiloride in an amount between 0.25-1 wi%;

methylparaben in an amount between 0.015-0.08 wi%,;

benzatkonium chloride in the form of a 50% solution, present in an amount between
0.01-0.04 wi%; and

edetate disodium in an amount between 0.008-0.030 wi%;

wherein sald composition has a pH of between 4.0-4.4;

wherein a decrease in the wi% of the active drug is less than about 10% after one

month storage.

2. The composition of claim 1, wherein the drug is hydralazine hydrochloride.

3. The composition of claim 2, wherein the drug is present in an amount between
0.5-2 wi%.

4. The composition of any one of claims 1-3, wherein the acetate buffer solution has

a pH of 4.2 and is present in an amount of 10 wt%.

5. The composition of any one of claims 1-3, wherein the acetate buffer solution is

comprised of sodium acetate and 2N acetic acid.

8. The composition of any one of claims 1-5, wherein propyiene glycol is present in

an amount of 1 wi%.

7. The composition of any one of claims 1-6, wherein methy{péraben is present at
0.03 wi%.
8. The composition of any one of claims 1-7, wherein benzalkonium chioride in the
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form of a 50% solution is present at 0.02 wi%.

9, The composition of any one of claims 1-8, wherein edetate disodium is present at
0.015 wi%.

10. A method for preparing an ophthalmic formulation, comprising!

mixing water and an acetate buffer solution having a pH 3.8-4.5 to form a first
interim mixture, the acetate buffer solution added in an amount fo provide betwsen
about 8-12 wt% of acetate buffer solution in the formulation;

adding fo the first interim mixfure edetate disodium, 1o form a second interim
rmixture, the edetate disodium added in an amount to provide between about 0.008-0.030
wit% of edetate disodium in the formulation;

adding to the second interim mixture propylene glycol to form a third interim
mixture, the propylene glycol added in an amount to provide between about 0.5-2 wit% of
propyiene glycol in the formulation;

adding fo the third interim mixture sodium chloride to form a fourth interim mixture,
the sodium chloride added in an amount fo provide between about 0.25-1 wi% of sodium
chloride in the formulation;

adding to the fourth interim mixture benzalkonium chioride to form a fifth interim
mixture, the benzalkonium chioride added in an amount to provide between about 0.01-
0.04 wi% of benzalkonium chloride in the formulation; and

adding to the fifth interim mixture methylparaben fo form a sixdh interim mixture, the
methyiparaben added in an amount to provide between about 0.015-0.06 wt% of
methylparaben in the formulafion;

adding to the sixth interim mixture to form sait formulation, a pharmaceutically
active drug comprising hydralazine.

1. The method of claim 10, wherein one or more of the steps of adding comprise
mixing while adding.

12.  The method of any one of claims 10-11, wherein the acetate buffer solution is
added in an amount to provide 10 wi% acetate buffer in the formulation.

13.  The method of any one of claims 10-12, wherein the acetate buffer solution is

comprised of sodium acetate and 2N acetic acid.
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LW 51



14.

18.

16.

17.

18.

19,

20.

21,

22.

23.

24.

The method of any one of claims 10-13, wherein edetate disodium is added in an
amount fo provide 0.015 wi% edetate disodium in the formulation.

The method of any one of claims 10-14, wherein propylene glycol is added in an
amount to provide 1 wi% propylene glycol in the formulation.

The method of any one of claims 10-15, wherein sodium chioride is added in an

amount to provide 0.5 wt% sodium chioride in the formulation.

The method of any one of claims 10-16, wherein benzalkonium chloride is added

in an amount to provide 0,02 wit% benzalkonium chioride in the formulation.

The method of any one of claims 10-17, wherein methylparaben is added in an
amount to provide 0.03 wit% methylparaben in the formuiation.

The method of any one of claims 10-18, wherein the pharmaceutically active drug
is hydralazine present in the formulation at between 0.5-2 wi%.

The ophthalmic composition of any one of claims 1-9 for use in treating macular

degeneration.

The composition of claim 20, wherein said macular degeneration is dry age-

related macular degeneration.

Use of the ophthalmic composition of any one of claims 1-9 or the formulation
prepared according to the method of any one of claims 10-19 in the manufacture
of a medicament for treating macular degeneration, wherein said medicament is
to be administered fo an eve of a subject at risk of or diagnosed with macular

degeneration.

The use of claim 22, wherein said macular degeneration is age-related dry

macular degeneration.

The composition of claim 1, wherein a decrease in the wi% of the active drug is
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26.

27

less than about 1.0% after one month storage.

The composition of claim 1, wherein a decrease in the wt% of the active drug is

less than about 0.5% after one month storage.

The composition of claim 1, wherein the composition is stored at about 25°C,

The composition of claim 1, wherein the composition is stored at about 40°C.
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