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LOW-D0SE BRIMONIDINE COMBINATIONS AND USES THEREQF
FIELD OF THE INVENTION
(3011 The present invention is related to compositions containing low-dose brimonidine and
either a second glancoma drug, an anti-histamine or a non-stereidal anti-inflamwatory drug. The
present invention is further related to mwethods of treating glavcoma or allergies or reducing
inflammation by administering corapositions of the present invention,
BACKGROUND OF THE INVENTION
{862} Glaucoma is a multifactorial disease which encompasses a spectrum ranging from
elevated intraccular pressure (“IOP) to reduced vascular perfusion of the optic nerve.
[663] While many factors have been implicated a3 contributing cauvses of glavcoma, currently
existing treatments for glaucoma have Hrolted effectiveness in lowering IOP and/or are
accompanied by a munber of side effects, such as fatigue, sedation, lid allergy, topical allergy,
and/or redness. More than 10% of glancoma patients sutfer the stigma of hyperemia {i.e. eye
redness). Because of the side effects, an additional major problem in glavcoma therapy is patient
complisnce in taking medications as preseribed,
[G604]  Over 40% of glavcoma patients require two or more drugs for satisfactory control of their
intraccular pressure, Of these, the prostaglandins/prostancids, including ¥alatan® {latanoprost;
Kalatan is a registered trademark of Pfizer Health AR}, Travatan® (travoprost; Travatan is a
regisiered trademark of Movartis AG) and Lumigan® (bumatoprost; Lumigan is a registered
trademark of Alfergan, Ine.), ave the leading drugs due to their profound reduction of 10F,
typically above 30% in ocular hypertensive eyes (21 mm Hg or greater), and long duration
inprovement in uveoscleral outtlow. To have the greatest effect, the two drugs should have

different mechanisms of action.
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[85] Brimonidine, a known alpha-2 {02} adrenergic recepior agonist, is currently gvailable
under the tradenames Alphagan® (Alphagan is a registered tradernark of Allergan, Inc) and in
the form of (.1%, 1.5% and 0.2% brimonidine tarirste. Brimonidine typically causes moderais
peak IOF reduction of about 20-25% in ocular hypertensive eves and 6-18% in nomnotensive
eves {less than 21 mm Hg). Hs peak effect i3 within 2 hours of instiliation, its duration of effect is
typically less than 12 hours, and iis moderate efficacy usually requires dosing of 2-3 times a day.
It is one of the leading secondary drugs, with a mechanism of action of agquenus suppression that
complements the prosiaglandin/prostanoids uveal scleral outflow enhancement for significant
additive benefit, but about equal to sther second line glavcoma drugs such as beta-blockers and
carbonic anhydrase inhibitors. $.2% brimonidine has been found o provide an additional 110 2
mm Hy reduction in IOP when combined with a beta-blocker or carbonic anhydrase inhibitors
and particularly with a prostaglandin,

{0867 However, (.15-0.2% brivoonidine may induce substantial local side effects in 10-25% of
users, such as conjunctival byperemia (Lo, redness), blepharitis, allergy, conjunctival edema,
comjunctival follicles, foreign body sensation, burning, or blurring. These side effects were only
modestly improved by recent brimonidine formulations, resuiting in somewhat reduced
concanirations with increased intraccular absorption at mere alkaline pH {Alphagan®). In
general, 4-2 agonists, including brimenidine, its predecessor clonidine and the more selective
dexmedetomidine, induce substaniial systemic effects {f absorbed into the eirculation, and are
specifically known to increase fatipue, decrease blood pressure {Le. hypotension) and lower the
heart raie (1. bradycardia), Brimonidine, due to iis relative alpha 2/ alpha | specificity {about 2
900:1 ratio) still introduces alpha 1 agonist activity intraccularly, where any induced ischemia

iong term can poientially sccelerate optic nerve losa.
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[047] Thus, there is a nead in the art for a combination glavcoma treatment that reduces side
effects while maintaining at least an additive effect.

{008]  Allergic diseases are a major health problem worldwide. Forthermore, the prevalence of
allergic disease is increasing in most countries. Two major forms of allergies include allergic
rhinitis and ocular allergies. Allergic reactions ocour, in part, when the immune system reacts 1o
the presence of an allergen and produces histamine. Histamine then causes the major symptoms
of allergies including 2 “rummy” or "itchy” nose, sneezing, "watery” eves, itchy throat, ete,

{0691 In allergic rhinitis, the allergic reaction occours in the nose. Histamine released in response
to the reaction causes local vascular dilation, with resultant increased capillary pressure a3 well
as increased capillary permeability. Both of these effects cause rapid finid leakage into the
tissues of the nose and the nasal linings become swollen and secretory.

[619] Ocular allergies or allergic conjunctivitis often accompantes allergic rhinitis in response
o the release of histanines. Ocular signs and symptoms of allergies include itehing, redness,
swelling, tearing, burning and stinging.

(611} Ocular allergies are often treated with eye drops including Opeon-A°% (0.02675%
naphazoline hydrochloride and (.315% pheniramine maleate; Opoon A is a registered tradernark
of Bausch & Lomb Incorporated), Naphcon-A® {0.023% naphazoline hydrochloride and 0.3%
pheniramine maleate; Napheon-A is a registered trademark of Alcon Research Lid), and
Vasocoen®™ (0.05% naphazoline hydrochloride and 0.5% antazoline phosphate; Vasocon is a
registered trademark of Novartis AG) and Albalon™ (0.05% naphazoline hydrochioride,
Albalon is available from Allergen Pharmaceuticals),

1612} However, many of the anti-histamines prescribed or administered to treat ocular allergies

and or allergic thinitis treat histamine induced itching and discomfort but do not fully slleviate

(a3
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the attendant symptoms including particnlarly swelling secondary 1o vascular leakage and
hyperemia {eve redness) resulting in both remaining discornfort and au unbealthy appearance.
Thus, there is a further need in the art for a combination allergy treatment that leads to a greater
alleviation of atiendant symptoms inclading eye redness.

SUMMARY OF THE INVENTION
[#13] Inone embodiment, the present invention is directed to an ophthalmological compeosition
for the treatment of glavcoma comprising brirnoenidine at a concentration from about 0.01% to
about $.050% w/v and a second glaucoma drug.
{834] In another embodiment, the present invention is directed to a method of treating
glaucoma comprising adminisiering a composition comprising brimonidine at a concentration
from about 0.01% to about 0.050% w/iv and a second glaucoma drug 1o 8 subject in need thereof,
11581 In another embodiment, the present invention is directed to a method of treating
glaucoma, wherein the method further provides eve reduess reduction,
[816] In another embodiment, the present invention is directed io a method of treating
glancoms, wherein the method further provides eye whitening.
{8171 In another embodiment, the present invention is directed to a methed of treating
giaucoma, wherein the method further provides conjunetival swelling reduction as well as
hyperemia reduction and eve whitening.
{8181 In one embodiment, the present invention is directed to an ophthalmological composition
for the freatment of allergies comprising brimonidine st a concentration from sbout 0.01% to

about 0.050% w/v and a histamine antagonist,
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{#19] In another embodiment, the present invention is directed to a method of treating allergies
comprising administering a composition comprising brimonidine at a concentration from about
0.005% to about §.0530% w/v and a histamine antagonist to a subject in need thereof.
{6281 In another embodiment, the present invention is directed to a method of treating allergies,
wherein the method further provides eye whitening and or reduced inflammation.
{621} In another embodiment, the present invention is directed to an ophthalmological
composition for the reduction of inflammation comprising from about 0.005% to about 0.050%
wiv brimonidine and an effective amount of a nonsteroidal anti-inflammatory drug ("NSAID™).
{6221 In another embodiment, the present invention is directed 10 a method of reducing
inflammation, comprising administering a composition comprising brimonidine at a
concentration from about 0.005% to about (.050% w/v and an NSAID {o a subject in need
thereof.
BRIEF DESCRIPTION OF THE DRAWINGS

[€23] Figure 1- a prophetic example of IO reduction after administration of (.005%
latanoprost {0 hours, white bar}, versus IOP reduction after administration of 0.03% brimonidine
and 0.005% latanoprost {4, & and § hours, black bar),

DETAILED DESCRIPTION OF THE INVENTION
{824] Itis a discovery of the present invention that postcapitlary venular leakage may be
reduced selectively by low dose brimonidine over alpha 1 vasoconstrictors. Not wishing to be
held to particular theory, i 18 believed alpha | agonists constrict larger vessels such as arterioles
0 a much greater extent than low dose brimonidine. The counstriction of the larger vessels
creates ischernia, and with repeated use, inflammation and rebound hyperemia. The leakage in

posteapillary venules has been shown {0 be related to transient loss of vascular endothelial VE
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cadherin protein resulting in gap junctions with leakage along the posteapillary venular cell wall.
However, constriction of small vessels and particularly said posteapillary venules without
ischemia by low dose brimonidine is“surprisingiy foond io reduce such leakage without the
ischemia of tetrahydrazaline, oxymetazoling, or other alpha | agonist constrictors, alleviating
radness and clinical sequelae of swelling and redness otherwise not as completely alleviated
making the combination of low dose brirnonidine with an anti-histamine particularly effective,
(#2587 When combined with glavcoma drugs, such as particularly but not limited to
prostagiandins/prostancids, surface inflammation, swelling and hyperemia is reduced. Further
IOP is further reduced. The present invention discovers lower concentrations of brimonidine
provide effective second drug IOP lowering benetits but also potentially reduce optic nerve
ischemia, without the attendant alpha 1 agonist activity of higher concentrations of hrimonidine.
{8261 The term “brimonidine” encompasses, without limitation, brimonidine salts and other
derivatives, and specifically includes, but is not limited to, brimonidine tartrate, S-hromo-6-(2-
imidazotin-2-yiamino)quinoxaline D-tartrate, Alphagan® {Alphagan is a registered trademark of
Allergan, Inc.}, and UK 14,304,

{6271 The term “glaucoma drug” or “second glavcomas drug” encompasses, without limitation,
alf drugs used to treat glaucoma including those drugs used to lower intracenlar pressure with the
exception of brimonidine.

{(628] The tenm “histamine antagonist” includes all chemicals that have been found to
antagonize at least ope histamine receptor including histamine H; and histamine Ha.

19291 The term “aliergy” or “allergies” or “allergic response” refers to allergic rhintis and or
ocular allergies. Allergic rhinitis is an allergic inflammation of the nasal aivways with attendant

symptoms, including, but not Hroited to, thinorrhea, nasal obstruction, nasal itching, sneezing,

&
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ocular pruritis. Ocular allergies are any allergic diseases of the eye, including, but not limited to,
seasonal/perennial allergic conjunctivitis, vernal keratoconjunctivilis, glant papillary
conjunciivitis, perennial allergie conjunctivitis and atopic keratoconjunetivitis.

[038] The term “pharmaceutically acceptable salts” is meant to include salts of the active
compounds which are prepared with relatively nontoxic acids or bases, depending on the
particular substituents found on the compounds deseribed herein. When compounds of the
present invention contain relatively acidic functionalities, base addition salts can be obtained by
contacting the neutral form of such coropounds with a sufficient amount of the desired base,
either net or in a suitable inert solvent. Examples of pharmacentieally accepiable base addition
salts include sodium, potassium, calcium, ammonium, organic aming, Or magnesium salt, or a
similar salt, When compounds of the present invention contain relatively basic functionalities,
acid addition salts can be oltained by contacting the neuiral form of such compounds with a
sufficient amount of the desired acid, either net or in a sutiable inert solvent. Examples of
pharmaceutically acceptable acid addition salts include those derived from inorganic acids like
kydrochioric, hydrobromic, nitric, carbonic, monohydrogencarbonic, phosphoric,
monchydrogenphasphoric, dihydrogenphosphoric, sulfurie, monohydrogensutiurie, hydriodic, or
phosphorous acids and the ke, as well as the salts derived from relatively nontoxie organic acids
iike acetic, propionie, isbutyrie, oxalic, maleic, malonic, benzoie, succinic, suberic, fumeric
mandelic, phthalic, benzenesulfonic, p-tolyisulfonice, citric, tartaric, methanesulfonic, and the
like., Also included are salts of amino acids such g3 arginate and the like, and salts of organic
acids ke ghicuronic or galactunoric acids and the like (see, for example, Berge, 5. M., stal,

“Pharmaceutical Salts”, Jowrnal of Pharmaceutical Science, 1977, 66, 1-19). Certain specific
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compounds of the present inventions contain both basic and acidic functionalities that allow the
compounds to be converted into etther base or acid addition salts.

13311 The neuiral forms of the compounds may be registered by contacting the salt with a base
or acid and isolating the parent compound in the conventional manner, The parent form of the
compound differs from the various salt forms in certain physical properties, such as sohubility in
polar solvents, but otherwise the salts are equivalent to the parent form of the compound for the
purposes of the present invention.

{6321 In additional to salt forms, the present invention provides compounds which are ina
prodrug form. Prodrugs of the compounds described herein are those compounds that readily
undergo chemical changes under physiciogical conditions to provide the compounds of the
present invention, Additionally, prodrugs can be converted to the compounds of the present
invention by chemical or biochemical methods in an ex vive envirerument. For example,
prodrugs can be slowly converted to the compounds of the present invention when placed ina
transdermal patch reservolr with 2 sultable enzyoe or chemical reagent. Prodrugs are often
usefus] because, in some situations, they may be easier to administer than the parent drug. They
may, be bioavailable by oral administration whereas the parent drug is not. The prodrug may
also have improved solubility in pharmacological compositions over the parent drug. A wide
variety of prodrug derivatives are kuown in the art, such as those that rely on hydrolytic cleavage
or oxidative activation of the prodrug. An example, without limitation, of a prodrug wonld be a
compound of the present invention which is administered as an esier (the “prodrug™), but then is
metabolically hydrolvzed to the carboxylic acid, the active entity. Additional exampies include

peptidyl derivatives of a compound of the invention.
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3331 Certain compounds of the present fnvention can exist in unsolvated forms as well as
solvated forms, including hydrated forms. In geveral, the solvated forms are eguivalent 1o
unsolvated forms and are intended 1o be encompassed within the scope of the present invention.
Certain compounds of the present invention may exist in multiple crystalline or amorphous
forms. In general, all physical forms are equivalent for the uses contemplated by the present
invention and are intended to be within the scope of the present invention,

{6341 In preferred embodiments, compositions of the present invention may comprise a
nonionic surfactant, a viscosity enhancer, preferably hydroxypropyimethyl cellnlose (HPMC™)
or carboxymethyl cellulose, a buffer and optionally, sorbats,

{8357 Monionic surfactants suitable for use in the present invention include, but are not Hmited
to a polysorbate, a poloxamer, a polyoxyl, an alkyl axyl poly ether, a cyclodextrin, a tocopheryl
polyethylene glveol suceinate. a glucosyl dialkyl ethers and a crown ether, ester-linked
surfactants. Nonionic surfactants may be present in compositions of the present invention at a
concentration from about 1% to about 3% wiv.

{636] Polysorbates suitable for use in the present invention include, but are not limited to,
polysorbate 20 {polvoxyethyviene (20) sorbitan monolaurate), polysarbate 40 {polyoxyethylene
{20 sorbitan monopalmitaie), polysorbate 60 (polyoxyethviens (20} sorbitan monostearate) and
polysorbate 80 (polyoxvethylens (20) sorbitan monooleate.

{8371 Polysorbates may be present in compositions of the present invention at a concentration
from about 196 to about 3% wiv, more preferably from about 2% 1o about 3% w/v and most

referably at about 2.5% wiv.

9
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[638] Cyclodexiring suitable for use in the present invention include, but are not Himited to,
ionically charged {e.g, anionic) beta - eyclodexiring with or without a butyrated salt (Captisol®}
2-hydroxypropyl beta cyelodexirin (“HPECD™), alpha cyclodexirins and gamma cyclodextrins.
{6391 Poloxamers include but are not limited to poloxamer 103, poloxamer 123, and poloxamer
124, poloxamer 407, poloxamer 188, poloxamer 338 and any poloxamer analogue or derivative
[#40] Polyoxyls include but are not Hmited to Brij® 35, 78, 98, 700 (polyoxyethylene glycol
atkyl ethers) and Spans {(sorbitan esters) and Span® 20-80 (sorbitan monelaurate, sorhitan
monopalmitate, sorbitan monostearate, and sorbitan monooleate).

[3431] The viscosity enhancer, preferably HIFMC, may be present in compositions of the present
invention at a concentration from about (.1% to about 1.2% w/v, preferably at about 1.2% wiv,
042} Buffers usefil in the present invention include, but are not limited to, citrate buffer and
phosphate buffer. Buffers may be present in compositions of the present invention at a
concentration from about 1 millimelar (“mM”™} to about 10 mM, preferably from abowt 2 mM to
about 6 mM and more preferably from about 3 mM to about 4mM.

{343} Sorbate may be present in compositions of the present invention at a concentration from
about 0.01% to about 0.5% wiv, preferably from about 0.05% to about £.25% w/v and more
preferably at about 0.1% wiv.

[644] Asused herein, all numerical values relating to amounts, weights, and the like, that are
defined as “about” cach particular value is plus or minus 109, For example, the phrase “about
5% wiv™ is to be understood as “4.5% to 3.5% w/v.” Therefore, ammounts within 10% of the
claimed value are encompassed by the scope of the claims.

{845]  As used herein “% w/v” refers to the percent weight of the total composition.

i0
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{346} Asused herein the terms “subject” and “patient” are used interchangeably and refer, but
are not Limited to, a person or other animals.

{3471 As used herein, the term “prevent” or “preventing” refers to precluding, averting,
obviating, forestalling, stopping, or hindering something from happening, especially by advance
action.

[(48]  As used herein, the term “treat” or “treating” refers to reversing, alleviating or slowing
the progress of the disease, disorder, or condition 1o which such ferros apply, or one or more
symptoms of such disease, disorder, or condition,

[84%]  As used herein, the term “administration” or “administering” refers to topical application,
injection or administration via implants.

[038] The articles “a,” “an” apd “the” are intended to include the plural as well as the singular,
unless the context clearly indicates otherwise.

Combination with Glaucoma Drugs

{6517 1Itis a discovery of the present invention that brimonidine at concentrations as low as
about one-fifth of that in currently avatlable formulations in combination with a second
glaucoma drug is capable of greatly reducing intraocular pressure over the second glaucoma drug
alone while whitening the eye and greatly reducing and or eliminating the rebound hyperemia
associated with brimonidine alone or in fixed combination glavcoma drugs to date. Topical
application of this extremely low dose brimonidine (“ELDB”) in combination with the second
giaucoma drug demonstrates intraccular pressure reduction that is similar to or may be betier
than full strength brimenidine combinations and may be synergistic over either drug alone.
19521 Further, s major obstacle in treating glaucoma is patient compliance. Many patients stop

administering glancoma therapy due to the attendant side effects including conjunctival

I



WO 2018/226942 PCT/US2018/036440

hyperemis and rebound hyperemia (i.e. eye redness). Itis a discovery of the present invention
that the use of ELDB in combination treats glancoma while greatly reducing side effects such as
conjunciival hyperemia assoctated with full strength brimonidine concentrations. Finally, ELDB
is capable of whitening the sciera of the eye beyond the subject’s baseline whiteness, which may
fead to even greater patient compliance.

(4537 Mot wishing to be held o 2 particular theory, ELDB may reduce systemic delivery of the
glaucoma drags and thus redoce systemic side effects and lsad to greater retention of the
glancoma drugs on the surface of the eye. This greater retention may lead to greater intraocular
absorption of the glaucorsa drugs and thus reduce the amount and or frequency of
administration, leading to further patient compliance,

{6341 In one embodiment, the present invention 18 direcied to an ophthalmelegical composition
for the treatment of glancoma comprising brimonidine at a concentration from about 0.01% 1o
about 0.050% w/v and a second glavcoma drug.

{#33] Brumonidine may be at concentrations from about 0.005% to about 0.050% wiv,
preferably from about 0.005% to about 0.050% wiv, from about 8.01% to about $.050% wiv
frenm about .07 5% to about 0.045% wiv, from about (.025% to about 0.035% w/v and about
0.0255%, about 0.035% or about (.04% wiv.

1856]  Glaucoma drugs, other than brimonidine, that are useful for the present invention include,
but are not Hinited to prostaglandins, rock inhibitors, beta-blockers and carbonic ashydrase
inhibitors (“CAD". Prostagianding include, but are uot Hmited to, of latanoprost, bimatoprost,
travaprost, tafluprost and pharmaceutically acceptable saits thereof. Rho kinase inhibitors
include, but are not Hmited to, netarsudil. Beta-blockers include, but are not limited o, carteclol,

timoptic, timolol, betaloxel, levobunolol, metipranclol and pharmaceutically acceptable salts
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thereof. CAls included, but are not imited to, brinzolamide, dorzolamide, acetazolamide,
methazolamide and pharmaceuticelly acceptable salts thereofl

157 Glaucoma drugs other than brimonidine may be at concentrations from about 0.001% to
about 5% w/v. Preferably: prostaglandins are st a concentration from about 0.001% to about
(.1% wiv, more preferably from about $.0015% fo about 0.03% w/iv; beta-blockers arc at a
concentration from about 0.1% 10 about 1% w/v, more preferably from about $.25% to abowt
{(.5% w/v; the kinase inhibitors ate at a concentration from about §.01% to about 1% wiv,
preferably from about ¢.01% o about 0.05% wiv, and CAls are at a concentration from about
1.5% to about 3% w/v, more preferably from about 1% to about 2% w/v. Glaucoma drugs for
ophthalmological administration are currently marketed under the following concentrations of
active ingredients: .004% travaprost; 0.01% and 0.03% bimatoprost; 8.0015% tafluprost;
(.0605% latanoprost; 0.02% netarsndil; 0.25% and 0.5% timolel maleate; 0.25% and 4.5% timolol
hemihydrate; 0.25% and 0.5% betaxolol hydrochloride (“HCP™); 6.25% and 0.5% levobunolol
HCIL; 1% brinzolamide; and 2% dorzolamide.

[358] Specific combinations of brimoenidine and a second glaucoma drug include, but are not
limited to: about 0.035% to 0.050% w/v brimonidine and about 0.005% w/v latanoprost; about
0.035% to 0.050% w/v brimonidine and about 0.050% w/v bimatoprost; about 0.035% to about
0.050% wiv brimonidine and about 8.5% w/v timolol; and about 8.035% to about 8.050% wiv
brimonidive and about 2% w/v dorzolamide.

{3391 Compositions of the present invention may have a pH from about 5.0 to about 8.0, more
preferably from about. 8.0 to about 7.5, even more preferably from about 7.2 to about 7.7 for
brimonidine glaucoma combination drugs and even more preferably from about 7.4 to about 7.6.

(8681 In a preferred embodiment, the present luvention is directed 0 a composition comprising:

Py
(a3
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about 8.001% w/v latanoproat;

about §,050% wiv brimonidine;

about 2.5% w/v polysorbate;

about 1.2% w/v hydroxypropylmethyl cellulose (“HPMC™);

about 5 mM borie acid; and

optionally, about 0.1% wiv sorbate,

wherein the composition has a pH of about 7.4,

[861] Methocell® was used as the source of HPMC (Methocell is a registered trademark of and
gvailable from Dow Corning).

9621 In another preferred embodiment, the present invention is direcied to 8 composition
comprising:

about 8.05% w/v timolol;

about 0.050% w/v brimonidine;

about 2.5% w/v polysorbate;

about 1.2% w/v HPMC,

about 4 mM boric acid; and

optionally, about 0.1% w/v sorbate,

wherein the composition has a pH of about 7.4,

{063} Compositions of the present invention for the treatment of glaucoma may be administered
topically to the eve, via intraoccular fnjection or via intraocular implant, preferably administration
ocours via topical application.

Combination with Histamine Aniagonisis

14
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{8641 Currently available anti-histamines (i.¢. histamine antagonists) are not capable of fully
alleviating all allergy symptoms including particularly the eye redness associated with eytokine
induced vasodilation. It is g discovery of the present invention that the use of extremely low
dose brimonidine CELDB”) in combination with an anti-histamine leads to not only greater
reduction of redness but greater alleviation of allergy symptoms such as coniunctival swelling
than the use of the anti-histamine alone.

{6631 In one embodiment, the present invention is directed 1o an ophthalmological composition
for the treatrnent of allergies comprising brimonidine at a concentration from about 0.005% to
about 3.050% w/v and a histamine antagonist,

{8661 Brimonidine may be gt concentrations from about 0.005% to about 0.050% wiv,
preferably from about 0.01% to about 0.050% w/v, more preferably from about 0.025% to abowt
(.035% wiv and ahout $.025%, about $.035% or about 0.04% wiv.

{367 Histamine antagonist useful for the present invention include, but are not lmited to
naphazoline, antazoline, arelastine, carbinoxamine, cyprohepiading, emedastine, hydroxyzine,
fevocabastine, brompheniramine, chiorpheniramine, clemastine, diphenhydramine, ketotifen,
loraiadine, desloratadine, cetivizine, fexofenadine, olopatadine, acrivastine, ebastine,
norastemizole, levocetirizine, mizolastine, pheniramine, pharmaceutically acceptable salts
thereof and combinations thereof.

[068] Histamine antagonist may be at concentrations from about 0.01% o about 1% wiv,
preferably from about (.025% to about 0.7% w/v. Histamine antagonists for nasal or
ophthalmelogical administration are currently marketed under the following concentrations of
active ingredienis: 8.05% napharzoline HCL combination of 0.05% naphazoline HCl and 0.5%

antazoline phosphate; combination of 0.05% nephazoline HCI and 0.3%% pheniramine maleate;

[
o
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combination of 0.02675% naphazoline hydrockloride and 0.315% pheniramine maleate; §.1%
and 0.15% azelastine; 0.05% emedastine; 8.05% levocabastine HCL, 6.025% ketotifen; and
$.1%, 0.2% and 0.7% olopatadine.

[06%] In a preferred embodiment, the present invention is directed to a composition comprising:
about 0.0035% wiv ketotifen fumarate;

about $.035% w/v brimonidine;

about 2.5% w/v polysorbate;

from about 0.1% to about 1.2% wiv HPMC;

about 4 mM citrate buffer; and

optionally, about §.1%6 w/v sorbate,

wherein the composition has a pH of 6.5,

Combination with Non-steroidal Anti-Inflammarory Drugs

[670] Currently available non-steroidal anti-inflammatory drogs (“NSAIBS”) are not capable of
fully reducing all inflammation. Ii is a discovery of the present invention that the use of
extremely low dose brimonidine (“ELDB”} in combination with an NSAID leads to greater
reduction of inflammation than the use of the an NSAID alone. Further, there is considerable
inflammation, hyperemia and irritation largely known to be cytokine induced, where a
combination of low dose brimenidine and Jow strength NSAHD, such as ketorolae 0.025%, can
provide both relief of hyperemia, reduction of inflammation. It is believed the combination can
improve the quality of life for one suffering from chronic ocular allergies better than either

product alone.

3¢
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{071}  In one embodiment, the present invention is directed o an ophthalmological composition
for the reduction of inflammation comprising brimonidine at a concentration from about 0.005%
1o about 8.050% w/v and an NSAID.
{9721 Brimomdine may be at concentrations from about (.005% to about 0.050% wiv,
preferably from abowt 0.01% to about 0.050% w/v, more preferably from about §.025% 0 about
0.035% wiv and about 0.025%, about 0.035% or about 0.04% wiv.
{873} NSAIDs useful for the present invention include, but are not Hmited {0 ketorolac, aspirin,
celecoxib, diffunisal, etodolac, ibuprofen, indomethacin, ketoprofen, nabumetone, naproxen,
oxaprozin, salsalate, sulindac, telmetin and pharmaceutically acceptable salts thereof and
combinations thereof.
{374] NSAIDs may be at concentrations from about 0.01% to about 10% w/v, preferably from
about 8.01% to about 1% w/v, more preferably from about 8.02% to about 0.50% wiv,
973] Compositions of the present invention for the reduction of inflammation may be
administered topicaily 1o the eye or nasal cavity via drops or spray.

EXAMPLES

Examble 1-Prophetiv Inttaoculir Pressure Redustion

Method

{3761 A subject with normo-tensive baseline tntraocular pressure (“IOP”; <21 mm Hg) was
prophetically treated for 5§ consecutive days with a single instillation of two drops per eve per
day of a composition containing 0.035% brimonidine, 0.005%: latanoprost, and a combination of
(.03% brimonidine and 0.005% latanoprost. A F-week washout period was observed between
each of the three treatment cycles.  [ustillation was performed at 8:30 AM, followed by 30

seconds of punctual occlusion with instillation on days 1, 3, and 5.

[
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{0771 1OF was measured at one or more of 4 hrs, 8 hrs, 12 hrs, 24 hs, 32 hes and comfort and
side effect profile were qualitatively assessed.

Kesults

[078] Based on preliminary data, the tested inventive fornmuations prophetically achieved
greater [OP reduction than latanoprost alone. Further, a peak IOP reduction effect is
prophetically achieved at about 4 o 8 hours after instillation and the IOP remained below the
baseline 24 hours after instillation, Figure 1 demonstrates a prophetic example of 10P reduction
after administration of (,.003% latanoprost {0 hours, white bar), versus JOP reduction afier
admirgstration of 0.03% brimonidine and 0.005% latanoprost (4, 6 and & hours, black bar), In
fact, the reduction in IOF after administration of the cornbination of ELDE and latanoprost
prophetically achieved synergy at all times and days except prior 1o instillation. Synergy will be
caloulated by taking the observed reduction in HOF and dividing by the expected reduction in
IOP 10 give a “synergy factor”. Sypergy factors greater than | demenstrate synergy. Expected
TGP reduction will be caleulated using the following formula where A is the 10P reduction for
FLDR alone and B is the IOP reduction for latapoprost alone: A + B - (AB/100). Thus, the
formulations of the invention prophetically demonstrate improved performance over ful strength
brimonidine and latanoprost alone under similar conditions of testing. Finally, during testing of
Jatanoprost alone subject prophetically experienced ocular hyperemia that was not observed
during the testing of brimonidine or the brimonidine and latanoprost combination demonstrating
that extremely low dose brimoniding is capable of not only enhancing I0P reduction but also
reducing attendant side effects of glavcoma drugs.

{8791 In conclusion, the combination of ELDB and a secoud glancoma drug prophetically

provide enhanced and synergistic relief of intraccular pressure that is either as good or better
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than that provided by the second glaucoma drug alone or the second glavcoma drug in
combination with full strength brimonidine, Further, the combination of ELDB and the second
glaucoma drug prophetically provide reduced or ameliorated side effects that normally ooour
when the second glaucoma drug is administered alone.

Example 3-Prophetio Allersy Religf

Method

[080] A subject suffering from nasal allergies was propheticaily administered a combination of
$.003% 10 0.050% w/v brimonidine and either 0.025% to 0.035% w/v ketotifen fumarate or
0.3% wiv pheniramine maleate for 7 consecutive days.

Result

[681] The tested inventive formulations prophetically achieved greater reduction in cytokines
and inflammation than ketotifen or phenivamine alone. Fusther, the tested inventive formulations
prophetically reduced eve reduess associated with ketotifen and pheniramine. Finally, the tested

inventive formulations prophetically whitened eves of the subject beyond the baseline whiteness,



