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Sterage Stable Compositions and Methods for the Treatment of Refractive Errors
of the Eye

Backarouud of the Invention

0011 As a person ages the minimum distance from the eye at which an object will come into
focus, provided distance vision is corrected or ts excellent unatded, increases. For example, a 10
vear-old can focus on an object or a “focal point” only three inches (0.072 meters) from their eye
while still retaining excellent distance vision; a 40 year-old at six inches (0.15 meters); and a 60
vear-old at an inconvenient 39 inches (1.0 meter). This condition of increasing minimum focal
length in individuals with excellent unaided distance vision is called presbyopia, loosely
translated as “old-man eye”.

{0021 Excellent unaided distance vision is also known as emmetropia. The inability to focus on
distant focal poinis is known as myopia and the inability to focus on near focal points is known
as hyperopia. Specifically, “distance” vision is considered any focal point 1 meter or more from
the eye and near vision is any focal point less than 1 meter from the eye. The minimum focal
iength at which an object will come into focus is known as the “near point”. The change in focus
from distance to the near point and any foeal point in between is called accommuodation.
Accommodation is ofien measured in diopters, Diopters are caleulated by taking the reciproesd
of the focal length {in meters). For exarnple, the decrease in accommodation from a 18 year-old
eye to a 60 year-old eve is about 13 diopters (1 + 0.072 meters = 13.8% diopters; 1 + 1 meter = 1
diopter).

[063] The highest incidence of first complaint of presbyopia occurs in people ages 42-44.
Presbyopia oceurs because as a person ages the eve’s accommodative ability which uses near
reflex-pupil constriction, convergence of the eves and particularly ciliary muscle contraction,
decreases.  This reduction in accommodation results in an inadequate change in the normal
thickening and increased curvature of the anterior surface of the lens that is necessary for the
shift in focus from distant objects to near objects, Important near focus tasks affected by
preshyopia include viewing computer sereens (21 inches) and reading print (16 inches).

[004] Presbyopia is a normal and inevitable effect of ageing and is the first unmistakable sign
for many in their forties that they are getting older. One study found that more than 1 billion
people worldwide were preshyopic in 2005, This same study predicted that mumber to almost

double by the year 2050, If everyone over the age of 45 is considered 1o be prasbyopic, then an
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estimated 122 million people in the United States alone had presbyopia in 2010, As baby
hoomers reach the critical age, this number is only going to increase.

[005] Presbyopia carries with it a stigma resulting from the limitation in ability to quickly
function at many tasks requiring focusing at both distant and near points, which once cccurred
almost immediately. In the presbyopic patient, these tasks can be performed only by the use of
eveglasses, contact lenses or afier undergoing invasive surgery. One such optical modification,
the monovision procedure, can be executed with the use of glasses, contact lenses or even
surgery. The monovision procedure corrects one eve for near focus and the other eye for
distance focus. However, monovision correction is normally accompanied by loss of depth
perception and distance vision particnlarly in dim light (e.p. night}. Other surgical procedures
that have been developed to relieve presbyopia include: (1) the implantation of intraocular lenses
{(INTRACORY; registered trademark of Technolas Perfect Vision GMBH); (2) reshaping of the
comnea (PresbyLASIK and conductive keratoplasty); (3) scleral band expansion; and {4)
implantation of corneal inlays {Flexivue Microlens®; registered trademark of PresbiBio LLC,
Kamra®; registered trademark of AcuFoecns, Ine. and Vue+r). Kamra® comeal inlays
manufactured by AcuFocus work by inlaying a pinhole on the comea to increase the depth of
focus. A similar effect can be achieved with general miotic agents, such as pilocarpine {a non-
selective muscarinic acetyicholine receptor agonist), carbachol {8 non-selective muscarinic
acetylcholine recepior agomist), and phospheline iodide {an acetylcholinesterase inhibitor).
These general miotic agents trigger increased cillary muscle contraction and induce
accommodation of any remaining reserves, mproving near vision at the expense of distance
vision in individuals who still retain some accommaodative function. While these general miotic
agents aiso create improved depth of foeus via a pinhole effect induced by pupillary miosis (ie.
constriction), to the degree accommodation occurs, the pinhole effect only partially offsets the
induced accommodative myopia for distance. In some cases, such as with pilocarpine or
carbachol, the induced accommodation may create up to 5 diopters or more of induced myopia
resulting in induced myopia ceusing blurred distance vision generally and during shift of the
focal point from distance to near. These general miotic agents also cause substantial redness,
severe nasal congestion and create ciliary muscle spasms, which commenly induces discomfort
that can be severe and long-lasting. In extreme cases, such ciliary muscle spasms can result in

retinal detachment,

[
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{606] Mioctic agents have been deseribed in various patent and patent applications for the
freatment of preshyopia.  US Patent Nos. 6,291,466 and 6,410,544 describe the use of
piiocarpine to regulate the contraction of ciliary muscles to restore the eye to its resting state and
potentially restore its accommodative abilities.

{0077 USRS Patent Application Publication No. 2019/0016395 describes the use of pilocarpine
with the non-steroidal anti-inflammatory, diclofenac, to reduce brow ache from ciliary spasm and
increase the time in which the ciliary muscle contraction is regulated. Imternational PCT
Appitcation Publication W(O/2013/041967 describes the use of pilocarpine with oxymetazoline
or meloxicam to temporarily overcome ocular conditions such as presbyopia.

[608] US Patent No. 8,299,079 (HEK Development LLC) describes the use of direct acting
general miotic agents such as pilocarpine, carbachol and phospholine iodide with brimonidine at
a concentration from 0.05% to 3.0% w/v. Heowever, the use of brimonidine concentrations at or
ghove 0.05% wiv results in increased rebound hyperemia, For exarople, rebound redness oceurs
in 25% of patients using brimonidine 0.20% wiv (Alphagan®, registered trademark of Allergan,
Inc.} twice daily,

[30%] These attempts at miotic treatruent for presbyopia all induce transient myopia of several
diopters reducing distance vision to about legal blindness or worse at the expense of improved
near vision for the full duration of their action, typically lasting several hours.

{18} Further, aceclidine is unstable in solntion. Normally, aceclidine is stored in a two-bottle
system; one boitle containing the lyophilized aceclidine and the second bottle containing the
difuent necessary to reconstitute the lyophilized aceciidine before topical instillation. This two
coniginer system poses the risk of improper reconstitution and therefor improper treatment of
presbyopia.

{611} Thus, there is a need in the art for a treatment of presbyopia that is non-invasive and
convenient with minimal side effects.  Specifically, there is a need for an ophthalmological
composition that will allow & person suffering from presbyopia to focus on near objects without
significant side effects such as diminished distance vision, blurred vision, pain, redness, impaired
night driving or incapacitating dim light vision, induced nasal congestion, or risk of retinal
detachment. Further, there is a need in the art for storage stable aceclidine compositions.

Sunmary ofthe breention
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[012] In certain embodiments, the present invention is directed to compositions and methods
for the treatment of presbyopia.

[613] In certain embodiments, the present invention is directed to compositions and methods
for the ireatment of presbyopia comprising a muscarinic agonist, wherein the muscarinic agonist
preferentially activates M1 and M3 muscarinic acetylcholine receptors. In still more preferred
embodiments the muscarinic agonist is more highly selective for M1 than M3. In certain
embodiments, the present invention is divected to compositions and methods for the treatment of
presbyopia comprising a muscarinic agonist that preferentially activates M1 and M3 muscarinic
acetylcheline receptors.

{014] In certain embodiments, the present invention is directed to compositions and methods
for the treatment of presbyopia comprising a muscarinic agonist selected from the group
consisting of acecliding, talsaclidine, sabcomeline, cevimeline, WAY-132983, AFB267B
(NGX267), AC-42, AC-260584, 77-LH-28-1, and LY59303% or any pharmaceutically
acceptable salts, esters, analogues, prodrugs or derivatives thereof.

{018] In certain embodiments, the present invention is directed to compositions and methods
for the treatment of presbyopia comprising a muscarinic agounist that activates only Mi
muscarinic acetylcholine receptors.

{8161 In certain other embodiments, the present invention is directed to an ophthalmological
cornposition for the treatment of presbyopia comprising aceclidine.

017} In certain other embodiments the present invention is directed to an ophthalmological
composition for the ireatment of presbyopia comprising aceclidine and a cycloplegic agent.

{818} In certain other embodiments, the present invention is directed to an ophthalmological
composition for the treatment of presbyopia comprising aceclidine and a selective o-2 adrenergic
receptor agonist.

[019] In certain other embodiments, the present invention is directed to an ophthalmological
composition for the treatment of presbyopia comprising aceclidine, a cycloplegic agent and a
selective ¢-2 adrenergic receptor agomnist.

020} In certain other embodiments, the present invention is directed to an ophthalmological
composition for the treatiment of presbyopia comprising a general miotic agent and a cycloplegic

agent.
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[821] In certain other embodiments, the present invention is directed to an ophthalmological
composition of the present invention comprising:
[622] = general miotic agent, a muscarinic agonist or aceclidine;

optionally a cycloplegic agent;

optionally g selective a-2 adrenergic receptor agonist;

a viscosity enhancer; and

a surfactant selected from the group consisting of an anionic surfactant, a nonionic surfactant,

and a combination thereof.
{0231 In one embodiment, the present invention is directed to an ophthalmological composition
for the treatment of presbyopia comprising:
[024] aceclidine at a concentration from about 0.25% to about 2.0% w/v;
{028] a cycloplegic agent at a concendration from about 0.025% to about 0.1% wiv, preferably
selected from pirenzepine, itropicamide, cyclopentolate hydrochloride, 4-diphenvlacetoxy-N-
methylpiperidine methiodide (4-DAMP), AF-DX 384, methoctramine, tripitramine, darifenacin,
solifenacin, tolterodine, oxvbutynin, iprafropium, oxifropium, totropium, ofenzepad and a
combination thereof and more preferably tropicamide;
[026] a surfactant, preferably selected from polyoxyl 40 stearate, a gammas cyelodextrin,
sulfobutylether Becyclodextrin, 2-hydroxypropyl cyclodextrin, sodium lauryl sulfate, sodium
ester lauryl sulfate, a poloxamer, a polysorbate, sorbitan monolaurate, sorbitan monopalmitate,
sorbitan monostearate, sorbitan monecoleate, a polyoxyl alkyl, a eyclodextrin and combinations
thereof and more preferably polyoxyl 40 stearate;
{6277 a tonicity adjustor, preferably selected from mannitol, sodium chloride, potassiom
chioride, glycerin and combinations thereof and more preferably mannitol; and
[628] optionally a viscosity enhancer, preferably the viscosity enhancer is not a polysaccharide.
18291 In another embodiment, the present invention is directed to an an ophthalmological
composition for the treatment of presbyopia comprising:
[038] aceclidine at a concentration from about 0.25% to about 2.0% wiv;
{631} acycloplegic agent at a concentration from about 8.025% to about 0.1% wiv;
{832] asurfactant;
{033}

a tonicity adjustor; and
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[034] oune or more excipients selected from a viscosity enhancer selected from the group
consisting of guar gum, hydroxypropyi-guar, xanthan gum, alginate, chitosan, gelrite,
hyauluronic acid, dextran, and a carbomer, preferably carbomer 934 or carbomer 940 wherein
the viscosity is from about 1 to about 5,000 centipoise (“ops”) prior to topical installation and
from sbout 1 to about 50 ¢ps upon topical installation, preferably from about 1 to about 5,000
eps at from about 2 to about 8 °C and an antioxidant selected from citrate, citric acid
monohydrate  ethylenediaminetetraacetic  acid, disodium  ethylenediaminetetraacetic  acid,
dicalcium diethylenetriamine pentaacetic acid and combinations thereof, preferably citric acid
monohydrste.

{438] In a preferred embodiment, the present invention is directed to an an ophthalmological
composition for the {reatment of presbyopia comprising:

[636] aceciidine at a concentration from about 0.25% to about 2.0% w/iv;

0371 wopicamide at a concentration from about 0.025% to about 6.1% w/vy;

[038] polyoxyl 40 stearate at a concentration from about 2.0% to about 10.0% w/v

({3381 mannitol at 2 concentration from about 8.5% to about 6.0% w/v;

[040] a buffer selected from acetate buffer, citrate buffer, phosphate bufter and citrophosphate
buffer at a concentration of about 3 millimolar;

[641] optionally citrie acid mwonohydrate at a concentration from about 0.1% to about 0.2%
Wi,

[042] optionally a viscosity enhancer selected from carbomer 934 and carbomer 940 at a
concentration from about 9.01% 1o about 1.0% w/v; and
[643] optionally benzalkonium chioride (“BAK") at a concentration of about 0.02% w/v,
[844] wherein the pH of the compesition is from about 4.75 to about 5.0 and wherein the
viscosity of the composition is from about 1 1o about 50 cps upon topical installation.
{8431 In sanother preferred embodiment, the present invention is directed fo an an
ophthalmological composition for the treatruent of presbyopia comprising:

$46] aceclidine at a conceniration from about 8.25% to about 2.0% wiv;

47} tropicamide at a concentration from about 0.025% to about 8.1% w/vy;
149

{

1847}

1848] polvoxyl 40 stearate at a concentration of about 4.0% w/v;

{649] mannito! at a conceniration from about .5% to about 6.0% wiv;
{850

citric acid monchydrate at a concentration from about 0.1% to about §.2% w/v;
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[051] carbomer 934 at a concentration from about 0.01% to about 1.0% w/v, and

[052] a buffer selected from acetate buffer, citrate buffer, phosphate buffer and citrophosphate
buffer at a concentration of about 3 millimolar,

[053] wherein the pH of the composition is about 4.75 and wherein the viscosity of the
composttion is from about 1 to about 5,000 cps at from about 2 to about 8 °C.

{654] In another preferred embodiment, the present invention is directed to an an

ophthalmological composition for the treatment of presbyopia comprising:

[058] aceclidine at a concentration from about 0.25% to about 2.0% w/v;

{056 tropicamide at a concentration from about 0.023% to about 0.1% wiv;;

{0871 polvoxyl 40 stearate at a concentration of about 5.5% wiv;

{638} mannitol at a concentration of about 4.0% w/v; and

[659] a buffer selected from acetate buffer, citrate buffer, phosphate buffer and citrophosphate

buffer at a concentration of about 3 millimolar,

{060] wherein the pH of the composition is about 5.0,

[661] In another preferred embodiment, the present invention is directed to an an
ophthalmelogical composition for the treatment of presbyopia comprising:

062] aceclidine at a concentration from about 0.23% to about 2.0% wiv;

$63] tropicamide at a concentration from about 0.025% to about 0.1% w/v;;

$64] polyoxyl 40 stearate at a concentration of about 5.5% wi/v;

|

{

{

[065] mannitol at a concentration of about 0.5% to about 6% wiv;

[066] citric acid monohydrate at a concentration from about 0.1% to about 0.2% w/v;

{067] carbomer 940 at a concentration from about 8.01% to about 1.0% w/v, and

{868] a buffer selected from acetate buffer, citrate buffer, phosphate buffer and citrophosphate
buffer at a concentration of about 3 millimolar,

{0691 wherein the pH of the composition is from about 4.75 to about 5.0 and the viscosity of
the composition is from about 1 to about 5,000 c¢ps at from about Z to about 8 °C . In some
preferred embodiments of the above formulations the aceclidine concentration is about 1.35% to
about 1.75% wiv, the mannitol concentration is about 1.0% to 2.5% w/v, and the carbomer 940

concentration is about 0.09% to 1.0% w/v  {or eguivalent viscosity using any other non-

polysaccharide viscosity agent such as carbomer 934).
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[0761 A method of treating a refractive error of the eve in a subject in need thereof comprising
administering to a subject in need thereof apharmaceutically acceptable amount of & composition
of the present invention wherein the refractive error of the eye is selected from presbyopia,
myopia, hyperopia, astigmatism or a combination thereof.

{0711 The present invention is further directed to a method for treating presbyopia comprising
administering to a patient in need thereof g composition of the present invention,

{6721 A method for wreating a refractive error of the eye comprising administering to a patient
in need thereof apharmaceutically acceptable amount of a composition of the present invention,
wherein the size of the pupil is reduced to from abont 1.5 10 about 2.5 millimeters, preferably
from abowt 1.7 to about 2.0 millimeters and wherein the refractive error is selected from the
proup consisting of corneal brregular astigmatism, an ectasia induced comeal irregularity, a
pellucid induced corneal lrregularity, a higher order aberration and a refractive surgery induced
higher order aberration.

[873] The present invention is further directed to a method of increasing the visual depth of
field (le. depth of focus) comprising administering to a subject in need thereof a
pharmaceutically effective amount of an ophthaimological composition of the present invention.
1874] The present invention is further directed to a method of increasing the visual depth
perception upon improving near vision unaided comprising administering to a subject in need
thereof a pharmaceutically effective amount of an ophthalmological compesition of the present
invention in both eyes (binocular vision), wherein such binocularity further enhances near vision
beyond that of either eve separately.

{8751 The present invention is further directed to a method of improving vision in a subject
with ammetropia (vision abnormality), comprising adminisiering to a subject in need thereof a
pharmaceutically effective amount of a composition of the present invention.

[076] The present invention is further directed to a method of improving vision in a subject
with ammetropia, comprising administering to a subject in need thereof a pharmaceutically
effective amount of a composition of the present invention, wherein ammetropia is selected from
the group consisting of necarsightedness, farsightedness, regular astigmatism, irregular
astigmatism and high degrees of regular astigmatism,

8771 The present invention is further direcied at eliminating optical aberrations induced by

corneal irregularity, opacities, or very high degrees of regular astigroatism that include regions
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adjacent or peripheral to the central 1.5 mm optical zone, and thereby inducing improved visual
acuity and quality of vision by filtering out these aberrant optics in those suffering from irregular
astigmatism or high degress of more regular astigmatism, such as ocours in conditions such as
keratoconus, photorefractive keratectomy induced comeal haze, diffuse lamellar kerstitis
(“DLK™) (post-lasik DLEK), other iatrogenic corncal induced irregularity such as cataract
incision, glaucoma filtering blebs, implanted glaucoma valves, comeal inlays with or without
removal, ectasia post corneal surgery (fasik), and secondary to infection.

{178] The present invention is further directed at improving acuity relative fo existing
uncorrected refractive error.  Upon this improved acuity, patients now requiring toric contact
lenses for astigmatism with reduced comfort and optics that may shift during each blink roay in
many cases require only non-toric soft contact lenses or no contact lenses.  Further, those
requiring gas permeable contact lenses may no longer require contact lemses or only regoire
much more comfortable soft contact lenses. Patients with high degrees of astigmatism may now
require no correction or reduced astigmatic correction. Patients with small to moderate degrees
of nearsightedness may require less correction or no longer require correction. Patients with
small to moderale degrees of hyperopia (farsightedness) may require ne correction or reduced
correction.

[979] The present invention is directed to methods and ophthalmological compositions for
improving eve sight. In a preferred embodiment the present invention is directed 1o methods and
ophthalmological composiiions for the treatment of presbyopia. In a more preferred embodiment
the present invention is directed to ophthalmeological compositions comprising aceclidine. In a
vet more preferred embodiment present invention is directed 1o ophthalmological compositions
comprising aceclidine and a low-dose cycloplegic agent. In a most preferred embodiment the
present invention is directed to ophthaimological compositions comprising aceclidine, a low-
dose cycloplegic agent and a combination of inactive ingredients that make effective and/or
enhance aceclidine.

[888] The present invention is further directed to a method for stabilizing the composition of
claim 1 comprising maintaining the composition at & texuperature from about 2 to sbout § °C.
[681] The present invention is further directed to a method for stabilizing an aqueous aceclidine

composition comprising the steps of:
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adding a surfactant selected from polyoxyl 40 stearate, a gamma cyclodextrin,
sulfobutylether B-cyclodextrin, 2-hydroxypropyl cyelodextrin, sodium lauryl sulfate, sedium
ester lauryl sulfate, a poloxamer, a polysorbate, sorbitan monolaurate, sorbilan
monopalmitate, sorbitan monostearate, sorbitan monooieate, a polyoxyl alkyl, a cyclodextrin
and combinations thereof to the composition, preferably polyoxyl 40 stearate;
adding a tonicity adjustor selected from manniiol, sodium chloride, potassiwm chloride,
glycerin and combinations thereof, preferably mannitol;
optionally adding a viscosity enhancer selected from the group consisting of guar gum,
hydroxypropyi-guar, xanthan gum, alginate, chitosan, gelrite, hyauluronic acid, dextran, a
carbomer and combinations thereot to the composition, preferably carbomer 944,
buffering the pH of the composition to from about 4.0 to about 6.0, preferably 4.75; and
maintaining the corposition at a ternperature frow about 2 to about § °C.
[{682] The present invention is further directed to a method for stabilizing an agqueous aceclidine
cornposition comprising the steps oft
adding polvoxyl 40 stegrate,
adding mannitol;
adding carbomer 944,
buffering the pH of the composition to 4.75; and
maintaining the composition at a temperature from about 2 to about 8 °C.

Brief Description of the Flgures

[883] Figure | is a graphical representation of the effects of pilocarpine and aceclidine with or
without tropicamide and with or without a carrier on near and distance vision in a patient over
the age of 45,

Detalled Description of the Invention

{8841 The present invention is directed to compositions and methods of treating presbyopia,
irregular astigmatism, and/or refractive error, comprising administering to a patient in need
thereof a pharmaceutical composition comprising s muscarinic agonist that preferentially
activates M1 and M3 muscarinic acetylcholine receptors, preferably activate M1 more than M3
and most preferably aceclidine or its dervatives. Aceclidine has been surprisingly and

unexpectedly discovered to provide enhanced presbyopic reversal with negligible side effects
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day or night {when viewing includes one or more direct or reflected light sources) using
compositions of the present invention,

[083] Aceclidine is traditionally used as a treatment for glancoma., When aceclidine is nsed to
treat glancoma it is normally stored in a two-bottle system; one bottle containing the lyophilized
aceclidine and the second boitle containing the diluent necessary to reconstitule the lyophilized
aceclidine before topical instillation. Romano JH., Double-blind cross-over comparison of
aceclidine and pilocarpine in open-angle glaucoma, 8rit J Ophthal, Aug 1978, 34(8), 510-321. It
is a further aspect of the present invention to provide an agueous aceclidine composition that is
stable in combination with cold chain storage. 1t is yet a further aspect of the present invention
to provide & method of stabilizing agueous aceclidine by combining effective cxcipients, pH
ranges and temperature ranges.

[886] The compositions and methods of the present invention treat presbyopia by improving
depth of focus in patients with presbyopia by administering an ophthalmological composition to
the eve that reduces pupil dilation in the dark or in dim Hght, produces a particular degree and
duration of miosis withowt accommodation, provides cosmetic whitening and/or induce redness
prophylaxis. The compositions and methods of the present invention also do not cause
significant pupil rebound, tachyphylaxis, ciliary spasms, induction of myopia or reduction in
distance vision. Additionally, the compositions and methods of the present invention allow for
the further improvement in visual acuity and depth perception of binocular {(both eyes) treatment.
The ophthalmological composition of the present invention surprisingly creates a pupil of from
about 1.5 to about 2.4 mum at the anterior iris plane and about 2.0 mm at the corneal surface with
neghigible increase in accommodative tone and with a reduction or ablation of the redness that is
otherwise a hallmark of the use of miotic agents. This pupil miosis with greatly diminished or

® and Flexivue

absent accommodative tone is superior fo the pinbole effect of the Kamra
Microlens® corneal inlays. Pupil miosis is superior because the constriction of the actual pupi
does not result in the attendant severe night vision disturbance caused by the hight scattering
borders of the pre-corneal pinholes created by the inlays. Further pupil miosis provides a greater
field of vision and transmission of more focused light. The use of aceclidine has a minimal
effect on the longitudinal ciliary muscle, thus reducing risk of retinal detachment when compared

to the use of general muscarinic agonists such as pilocarpine and carbachol. The further

inclusion of a cycloplegic agent resulted in only 0.04 mm of anterior chamber shallowing.

i1
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Acecliding particularly as enhanced for the present invention also has greater wmagnitude,
duration, and control of mintmum pupil diameter.  Compositions of the present invention
achieve these advantages while having negligible effects on accommodation, thus avoiding the
distance blur typically seen in patients as a response to pilocarpine and/or carbachol induced
miosis. Any effects on accommodation may be further reduced or totally eliminated in preferred
smbodiments with a cycloplegic agent. Aceclidine is capable of producing the increased depth
of focus by pupil miosis described in the present invention without the need of a selective a-2
adrenergic receptor agonist {(“o-2 agonist”™). Particularly enhanced miosis occurs with use of
compositions of the present invention, thus making it possible 1o use an ¢-2 agonist al low
concentrations to reduce eye redness. Further, due to the apparent and surprisingly selective
natare of aceclidine, administration to the eve almost exclusively affects pupt! miosis rather than
ciliary muscle contraction, Thus, the administration of aceclidine results in pupil miosis without
accommodation and attendant distance blur. However, aceclidine may cause some redness and
brow ache, and without formulation enhancement of the present nvention may produoce less than
optimal pupil nicsis or at extreracly high covcentration more than desired peak miosis with
added dimming of vision in dim or absent lighting.

{3871 Certain embodiments of the present invention enhance the discovered preferred degree of
pupiliary miosis by providing a consistent range of effect of about 1.50 — 2.20 mm for most
patients using a preferred embodiment of a nonionic surfactant and viscosity enhancer. Similay
benefit may be achieved using other permeation enhancers, particularly Carbopol® (polyacrylic
acid or carbomer), and various viscosity additives that increase drug residence time, such as
xanthan gums, guar gum, alginate, and other in sity gels well known to experts in the art. The
present invention further prevents nasal congestion otherwise ocourring when substantial
aceclidine levels reach the nasal mucosa, due 1o the rtheologic properties of the preferred
emnbodiment.

{0881 The combination of aceclidine and a low conceniration of a selective ¢-2 adrenergic
receptor agonist {u-2 agonist or o-2 adrepergic agonist), such as fadelmidine, brimoniding or
guanfacine, allows for the desired mictic effect with diminished or no redoess. The use of low
concentrations of a selective -2 agonist results in substantial reduction of hyperemia with
greatly reduced risk of rebound hyperemis that is found in concentrations of about 0.06% w/v or

more. Furtherrnore, the use of low concentrations of selective a-2 agonist does not adversely

i2
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modify the pupil constriction caused by aceclidine. In contrast, the use of brimonidine 8.20%
wiv, when topically applied for pupil medulation for night vision, result in tachyphylaxis of pupil
modulation due to a-2 receptor upregulation in almost 100% of treated subjects within four
weeks of use.

[089] Unexpectedly, the addition of a cycloplegic agent results in reduction of any brow ache
or associated discomfort by further reducing the degree of ciliary spasms on topical instillation
without impairing the miotic response. This lack of impairment of the miotic response is an
unexpected surprising discovery, as particular cycloplegic agents, such as tropicamide, have
known pupil dilating effects at concentrations as low as 8.01% w/v (Griinberger 1. et al,, The
pupillary response test as a method to differentiate various types of dementia, Neuropsychiatr,
2009, 23¢1), pg 57). More specifically cycloplegic agents cause pupil mydriasis (i.e. dilation of
the radial muscle of the iris). Further, the addition of a cycloplegic agert to the miotic agent
unexpeciedly increases the time at which the pupil maintains the desired size range without
becoming too restricted. Peak miotic effect at 30 — 60 minutes can be titrated in inverse relation
to the cycloplegic concentration. The concentrations of tropicamide discovered in the present
invention apparently cause more relaxation of the ciliary muscle than the iris radial musculature,
In fact, iris mydriasis is discovered to be suppressed by the addition of tropicamide to
compositions containing concentrations of aceclidine used in the present invention, with instead
a more consistent level of miosis for the duration of the miotic effect. Additionally and quite
surprisingly, unexpectedly, and beneficially the addition of tropicamide can reduce the degree of
peak pupil miosis without inducing mydviasis thereby creating a more constant and ideal pupil
size throughout the drug induced miosis. This more consistent pupil size allows for beneficial
near and distance vision without the adverse dimming or loss of resolution due to diffraction
Hmits at the very reduced pupil sizes seen at peak pupil miosis (e.g. 1.25 mm).

[698] General miotic agents, such as pilocarpine, carbachol and phospholine diesterase, are
capable of causing pupil miosis resulting in improved near vision of presbyopic patients.
However, there is an inverse reduction in distance vision associated with these general miotic
agents from miosis at peak effect and accommodation that is not seen with aceclidine. The co-
administration of a cycloplegic agent with aceclidine surprisingly results in an attenuation of this

reduction in distance vision.
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[091] Comfort, safety, and efficacy of a preferred embodiment of an ophthalmological
composition of the present invention results from the presence of & nonionic surfactant, such as
cyclodextrin alpha, beta, or gamma chains, preferably Z-hydroxypropyl beta-cyclodextrin
(“HPRCDY, and or sulfobutyl ether derivative of PB-cyclodextrin (Captisol™), polyoxyl 40
stearate or poloxamer 407, a viscosity enhancing agent, such as carboxymethyl cellulose
(“CMC™); a tonicity adjustor, such as sodium chloride; a preservative, such as benzalkonium
chioride and a pH from about 5.0 to about 8.0. Further, an increase in the concentration of the
viscosity agent and the electrolyte may result in reduced redness. Specifically, increasing CMC
from 0.50% to 0.75% wiv {preferably 0.80% w/v) and sodium chloride from 0.25% 1o 0.50%
wiv results in reduced redness.

{692] The viscosity of compositions of the present Invention comprising & viscosity enhancer
may be from about 1 to about 5,000 cps prior to topical instillation in the eye. As a result of the
shear force applied to the composition as it exits the device used for administration the viscosity
is lowered to a range from about 1 to about 50 cps upon topical instillation, preferably from
about 15 to about 35 ¢ps.

Definitions

[693] As used herein, the term “composition” is intended to encompass a product comprising
the specified ingredients in the specified amounts, as well as any product which resulis, divectly
or indirectly, from a combination of the specified ingredients in the specified amounts.

[094] The term “stabilizing”, as used herein, refers to any process which facilitates and/or
enables an active agent to remain in solution. The term “stabilizing”, as used herein, also refers
to any means or process which inhibits and/or reduces the tendency of a muscarinic agonist,
inchuding aceclidine, to degrade.

[095] As used herein, all numerical values relating to amounts, weights, and the like, that are

L S

defined as “about” each particular value is plus or winus 10%. For example, the phrase “about
3% wiv” is to be undersiood as “4.5% to 5.5% w/v.” Therefore, amounts within 10% of the
claimed value are encompassed by the scope of the claims.

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

0971 As used herein the term “subject” refers but is not limited to a person or other animal.
(098] The term muscarinic receptor agonist (“muscarinic agonist”) encompasses agonists that

activate muscarinic acetylcholine receptors (“mmscarinic receptors”™), Museaninic receptors are
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divided into five subtypes narsed MI-M3. Muscarinic agonists of the present invention include
those muscarinic agonists that preferentislly activate M1 and M3 receptors over M2, M4 and M3
receptors (“M1/M3 agonists™), MI/M3 agonists include but are not limited fo aceclidine,
xanomeline, talsaclidine, sabcomeline, cevimeline, alvameline, arecoline, milameline, SDZ-210-
(86, Y796, RE-84, CoD-(1024 (5-{3-ethyi-1,2,d-oxasdiazol-5-y11-1,4,5,6-
tetrahydropyrimidine  hydrocholoride), N-aryhurea-substituted  3-morpholine  arecolines,
JUGE55-033 {(MN-{3-0x0-3-{4-(4-pyridinyl}- 1 -piperazinyjpropyi]-2,1.3-benzothiadiazole-4-
suifonamide), benzylquinolone carboxylic acid {(BQCA), WAY-132983, APB267B (NGX267},
AC-42, AC-260584, chloropyrazines inchiding but not limited to L-687, 306, L-0689-660, 77-LH-
28-1, LY593039, and any quiniclidine ring with one or more carbon substitations particularly
that include an ester, sulfur, or 5 or 6 carbon ring structure inchuding with substituted nitrogen{s)
and or oxygen(s), or any pharmaceutically acceptable salts, esters, analogues, prodrugs or
derivatives thereof. A preferred M1/M3 agonist is aceclidine. lv a preferred erbodiment,
muscarinic agonist of the present invention include those muscarinic agonist that preferentially
activate M1 and M3 over M2, M4, and M3, and even more preferably activate M1 over M3, Ina
more preferred embodiment muscarinic agonist of the present invention include those muscarinic
agonist that only activate M1,
{699] The term “aceclidine” encompasses its salts, eaters, analogues, prodrugs and derivatives
including, but not limited to, aceclidine as a racemic mixture, aceclidine (+) enantiomer,
acechidine (-} enantiomer, aceclidine analogues, including, but not limited to, highly M1 selective
1,2.5 thiadiazole substitited analogues like those disclosed in Ward, 1.5, et al,, 1,2,5-Thiadiazole
analogues of aceclidine as potent ml muscarinic agowists, J Med Chem, 1998, Jan. 29, 41(3),
379-3%2 and aceclidine prodrugs including but not limited to carbamate esters.
{63106 The term “selective o-2 adrenergic receptor agonists” or “o-2 agonist” encompasses all a-
2 adrenergic receptor agonists which have a binding affinity of 900 fold or greater for 0-2 over
a-1 adrenergic receptors, or 300 fold or greater for «-2a or o-2b over o-1 adrenergic receptors.
The term also encompasses pharmaceunticaily acceptable salts, esters, prodrugs, and other
derivatives of selective a-2 adrenergic receptor agonists.
[0161] The term “low concentrations” or “low-dose” refers to concentrations from between

about 0.0001% to about .065% w/v; more preferably, from about 8.001% to about 0.035% w/v;
P 3
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even more preferably, from about 0.01% to about 0.035% w/v; and even more preferably, from
about (.03% to about 0.035% wiv.

{0102] The term “brimonidine” encompasses, without limitation, brimonidine salis and other
derivatives, and specifically includes, but is not limited to, brimonidine tartrate, S-bromo-6-(2-
imidazolin-2-ylamino)quinoxaline D-tartrate, and Alphagan®.

[8103] The terms “treating” and “treatment” refer to reversing, alleviating, inhibiting, or slowing
the progress of the disease, disorder, or condition to which such terms apply, or one or more
symptoms of such disease, disorder, or condition.

[0184] The term “pharmaceutically acceptable” describes a material that is not biologically or
otherwise undesirable {(i.e. without causing an unacceptable level of undesirable biological
effects or interacting in a deleterious manner).

[03103] As used herein, the term “pharmaceutically effective amount” refers to an amount
sufficient to effect a desired biological effect, such as a beneficial result, including, without
limitation, prevention, diminution, amelioration or elimination of signs or symptorns of a disease
or disorder. Thus, the total amount of each active component of the pharmaceutical composition
or method is sufficient to show a meaningful subject benefit. Thus, a "pharmaceutically
effective amount” will depend upon the context in which it is being admimstered. A
pharmaceutically effective amount may be administered in one or more prophylactic or
therapeutic administrations.

[0106] The term "prodrugs"” refers to compounds, including, but not limited to, monomers and
dimers of the compounds of the invention, which have cleavable groups and become, under
physiological conditions, compounds which are pharmaceutically active in vivo.

[0187] As used herein “salts” refers to those salts which retain the biological effectiveness and
properties of the parent compounds and which are not biologically or otherwise harmful at the
dosage administered. Salts of the compounds of the present inventions may be prepared from
inorganic or organic acids or bases.

[8108] The term “higher order aberrations” refers to aberrations in the visual field selected from
starbursts, halos (spherical aberration), double vision, multiple images, smeared vision, coma and
trefoil.

[6169] The term “cold chain” refers to storage at temperatures from about 2 to about 8 °C from

manufacture to immediately prior to administration.
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{6119} The compounds of the present invention can be used in the form of pharmaceutically
acceptable salts derived from inorganic or organic acids or bases. The phrase "pharmaceutically
accepiable salt” means those salis which are, within the scope of sound medical judgment,
suitable for use in contact with the tissues of humans and lower aniroals without undue toxicity,
irritation, allergic response and the like and are commensurate with a reasonable benefit/risk
ratio. Pharmaceotically acceptable salts are well-known in the art. For example, 5. M, Berge ¢!
tival Seiences, 1977, 66: 1

al. describe pharmaceutically acceptable salts in detatl in J. Phanmsweuti

&1 5eq.

[3131] The salts can be prepared in sifw during the final isolation and purification of the
compounds of the invention or separately by reacting s free base function with & suitable organic
acid. Representative acid addition salts include, but are not limited to acetate, adipate, alginate,
citrate, aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, camphorate, camphorsulfonate,
dighuconate, glycerophosphate, hemisulfate, heptanocate, hexanoate, fumarate, hydrochloride,
hydrobromide, hydrotodide, 2-hydroxyethansulfonate  (isothionate), lactate, maleate,
methanesulfonate, nicotinate, 2-naphthalenesulfonate, oxalate, palmitoate, pectinate, persulfate,
3-phenylipropionate, plorate, pivalate, propionate, succinate, tartrate, thiccyanate, phosphate,
ghutamate, bicarbonate, p-toluenesulfonate and undecanoate, Also, the basic nitrogen-containing
groups can be quaternized with such agents as lower alkyl halides such as methyl, ethyl, propyl,
and butyl chiorides, bromides and iodides; dialkyl sulfates like dimethyl, diethyl, dibutyl and
diamyl sulfates; long chain halides such as decyl, lavrvl, mvristy! and stearyl chiorides, bromides
and iodides; arvlaliovt halides like benzyl and phenethyl bromides and others, Water or oil-
soluble or dispersible products are thereby obtained. Examples of acids which can be employed
1o form pharmaceutically accepiable acid addition salts include such inorganic acids as
hydrochloric acid, hydrobromic acid, hyaluronie acid, malic acid, suiphuric acid and phosphoric
acid and such organic acids as oxalic acid, malic acid, maleic acid, methanosulfenic acid,
succinic acid and citric acid.

[0112] Basic addition salis can be prepared im situ during the final isolation and purification of
compounds of this invention by reacting a carboxylic acid-containing moiety with a suilable base
such as the hydroxide, carbonate or bicarbonate of a pharmaceutically acceptable metal cation or
with ammonia or an organic primary, secondary or tertiary amine. Pharmaceutically accepiable

salts include, but are not lmuted to, cations based on alkali metals or alkaline earth metals such
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as Hthium, sodium, potassium, calcium, magnesium and aluminum salts aod the like and
nontoxic quaternary ammonia and amine cations including ammonium, tetramethylammonium,
tetracthylammoniur, methylammonium, dimethylammoniurn, trimethylammonium,
triethylammonium, diethylammeoniom, and ethylammonium among others. Other representative
organic amines useful for the formation of base addition salts include ethylenediamine,
ethanolamine, disthanolamine, piperidine, piperazine and the like,

{6113} The term “ester” as used herein is represented by the formula —CGC(OA! o1 C{OH0A,
where A' can be alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkynyl, aryl, a
heteroaryl group or sther suitable substituent,

Compositions of the Invention

{0114} In one embodiment, the present invention is directed to an ophthalmological composition
comprising aceciidine, In a preferred embodiment, aceclidine is at a concentration from about
0.25% to about 2.0% wiv, more preferably from about 0.50% to about 1.90% wiv, still more
preferably from about 1.25% to about 1.85% wiv, and most preferably from about 1.35% to
about 1.65% wiv. As gceclidine is a fertiary amine with asymmetry, both & + and — optical
isorner exist (where in some studies {+} is more potent and in others it is felt {-) may be more
potent). For the above concentrations pelarimetry demonstrated an exactly equal ratio of (+) and
{(—) isomer for these concentrations, Altering this ratio could therefore alter this concentration
range proportional to a change in ratio.

{3115] The present invention is further directed to an ophthalmological composition comprising
a ruuscarinic agonist, preferably a nontonic surfactant above its critical micellar concentration for
the composition, and a viscosity enhancing agent; or alternatively an in sify gelling agent. In
preferred embodiments the initial viscosity of the composition on topical application is above 20
cps, preferably 50 ops, and more preferably above 70 cps at low shear (1/5).

[8116] Nonionic sufactants suitable for the present invention include cyclodexiring, polyoxyl
alkyls, poloxamers or combinations thereof, and may include in addition combinations with other
nonionic surfactants such as polysorbates. Preferred embodiments include polyoxyl 40 stearate
and optionally Poloxamer 188, Poloxamer 407, Polysorbate 20, Polysorbate 80, ionically
charged {e.g. anionic} beta - cyclodextrins with or without a butyrated salt {Captisol®y 2-
hydroxvpropyl beta cyclodexirin (“HPBCD™), alpha cyclodextrins, gamma cyclodextrins,

Polyoxyl 33 castor oil, and Polyoxyl 40 hydrogenated castor oil or combinations thereofl
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Further, substitution of other nonionic surfactants compatible with ophthalmelogical use allows
for similar formulation advantages, which may included but is not limited to one or more of a
nonionizing surfaciant such as poloxamer, poloxamer 103, poloxamer 123, and poloxamer 124,
poloxamer 407, poloxamer 188, and poloxamer 338, any poloxamer analogue or derivative,
polysorbate, polysorbate 20, polysorbate 40, polysorbate 60, polysorbate 80, any polysorbate
analogue or derivative, cyclodextrin,  hydroxypropyi-f- cyclodextrin, hydroxypropyl- vy-
cyelodexirin, randomly methylated f-cyelodextrin, P-cyclodextrin  sulfobutyl eother, v-
cyclodextrin suifobutyl ether or glucosyl- B- cyclodextrin, any cyclodextrin analogue or
derivative, polyoxyethylene, polyoxypropylene glycol, an polysorbate analogue or derivative,
polyoxyethylene hvdrogenated castor oil 60, polyoxyethylene (200} , polyoxypropylene glycol
(70}, polvoxyethylene hydrogenated castor oif, polyoxyethylene hydrogenated castor oil 60,
polyoxyl, polyoxyl stearate, nonoxynol, octyphenol ethoxylates, nonyl phenol ethoxylates,
capryols, lauroglycol, PEG, Brij® 35(polyoxvethyleneglycol dodecyl ether; Brij is a registered
trademark of Unigema Americas LLO), glyceryl laurate, lauryl glucoside, decyl glucoside, or
cetyl alcohol; or zwitterion surfactants such as palmitoyl carnitive, cocamide DEA, cocamids
DEA derivatives cocamidopropyl betaine, or trimethyl glycine betaine, N-2{Z-acetamido}-2-
aminoethane sulfonic acid (ACES), N-Z-acetamido iminodiacetic acid (ADA), NN-bise(2-
hydroxyethyl)-2-aminoethane  sulfonic  acid  (BES),  2-[Bis-{Z-hydroxyethyl)-aminc}-2-
hydroxymethyl-propane-1,3-dio! (Bis-Tris), 3-cyciohexylamine-1-propane sulfonic acid (CAPS},
2-cyclohexylamino-1-ethane sulfonic  acid (CHES), NN-bis(2-hydroxyethyl)-3-amino-2-
hydroxypropane sulfonic acid (DIPSO), 4-(2-hydroxyethyl}-1-piperazine propane sulfonic acid
(EPPS), N-2-hydroxyethylpiperazine-N'-2-ethane sulfonic acid (HEPES), 2-(N-morpholino)}-
ethane sulfonic acid (MES), 4-(N-morpholinoy-butane sulfonic acid (MOBS), 2-(N-morpholino)-
propane sulfonic acid (MOPS), 3-morpholino-2-hydroxypropanssulfonic acid (MOPSO), 14-
piperazine-bis-(ethane sulfonic acid) (PIPES), piperazine-NN'-bis(Z-hydroxypropane sulfonic
acid) (POPSQ), N-tristhydroxymethyDmethyl-Z-aminopropane sulfonic acid (TAPS), N-
[tristhydroxymethyDmethyl}-3-amino-2-hydroxypropane  sulfonic  acid  (TAPSO), N-
tristhydroxymethyl) methyl-2-aminoethane sulfonic acid (TES), 2-Amino-2-hydroxymethyl-
propane-1,3-diol  (Tris), tyloxapol, and Span®  20-80 (sorbitan monolaurate, sorbitan

monopalmitate, sorbitan monostearate, and sorbitan monooleate). In certain embodiments the
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addition of an anionic surfactant such as sodium lauryl sulfate and or sodium ester lauryl sulfate
may be preferred.

{6117} Ophthalmological in sifu gels which may be substituted for or added in addition to one or
more nonionic surfactants include but are not limited to gelatin, carbomers of various molecular
weights inciuding carbomer 934 P and 974 P, xanthan gurns, alginic acid {alginate), guar guins,
locust bean gum, chitosan, pectins and other gelling agents well known to experts in the art.
[0118] In preferred embodiments the nonionic surfactant is polyoxyl 40 stearate at a
concentration from about 1 to about 15% w/v, more preferably at about 5.5% wiv.

[0119] In such preferred embodiment, polyoxyl 40 stearate is found to enhance the redness
reduction effect preferentially over agueouns solutions and other nonionic surfactants such as
poloxamer 407, particularly in the presence of an -2 agonist,

[¢128] Viscosity enhancers suitable for the present invention include, but are not limited fo, guar
gum, hydroxypropyl-guar {“hp-guar”), xanthan gum, alginate, chitosan, gelrite, hyauluronic acid,
dextran, Carbopol® (polyacrylic acid or carbomer) including Carbopol® 900 series including
Carbopol® 240 {carbomer 940), Carbopol® 910 (carbomer 910) and Carbopol® 934 (carbomer
934), carboxymethyl cellulose (“CMC”), methylcellulose, methyl cellulose 4000, hydroxymethyl
cellulose, hydroxypropyl cellulose, hydroxypropylmethyl cellulose, hydroxyl propyl methyl
cellulose 2906, carboxypropyimethyl cellulose, hydroxyethyl cellulose, or hydroxyethyl
cellulose, hyaluronic acid, dextran, polyethylene glycol, polyvinyl alcohol, polyvinyl
pyrrolidone, gellan, carrageenan, alignic acid, carboxyvinyl polymer or combinations thereofl In
a preferred embodiment the viscosity enhancer will have an equilibration viscosity less than 100
eps, preferably from about 15 to about 35 ops, and most preferably at about 30 ¢ps. In a preferred
ernbodiment the viscosity enhancer is Carbopol® 940 (carbomer 940) at a concentration from
about 0.5% to about 6.0% w/v, preferably from about 0.09% to about 1.0% w/v, more preferably
at 0.09%, (1.25%, (0.5%, 0.75%, 0.9% or 1.0% w/v. In certain combinations it has been
surprisingly discovered nonionic surfactant / viscosity combinations may result in phase
separation over time with precipitate formation. In such situations, particularly for polyoxyls, in
a preferred embodiment polyoxyl 40 stearate, and cellulose derivatives, particularly
hydroxypropyl methyl cellulose, use of a nonpolysaccharide derivative for viscosity
enhancement, such as polyacryiic acid derivatives (carbomers, carbomer 934 or 940 in preferred

embodiments) may prevent such separation.
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{B121] Not wishing to be held fo particularly theory, it appears the quinuclidine mucleus of the
heterocyelic nitrogen on aceclidine is so clectron rich it easily attacks surrounding compounds as
well as itself

[0322] It is a discovery of the present invention that several modifications may singly or in
corabination be used to enhance cold chain stability storage, including in addition to in a
preferred embodiment aceclidine 1.40% - 1.75%, tropicamide 0.025% - 0.10% and optionally a
norioinic surfactant such as polvoxyl 40 stearate 0.5%-10%, preferably 5.5% one or more of
{See Table )

81231 Acidic pH, preferably less than 5.5, preferably less than 5.0 and most preferably at a pH
of about 4.75;

[0124] Viscosity enhancer, preferably at 25C viscosity of about 15-50 ¢ps, and more preferably
20-35 cps, where & preferred embodiment is carbomer 940 0.09% - 1.0%;

[81258] Addition of a polyel, in a preferred embodiment Mannitol 2.53% - 4.0%,;

{8126} Addition of a buffer, where aceiate or phosphate buffers are preferred, 2-100 mmole
range with 3-3 mumole is preferred;

[¢127] Addition of a preservative, where BAK 0.02% s preferred.

[0128] The selective -2 agonist may be included within the composition of the present
invention or applied topically preferably just minutes before or less preferably just minutes
afterward if additional means to reduce nasal congestion or redness is desired for sensitive
subjects. Selective o-2 agonists suiisble for the present invention bave minimal w-1 agonist
activity at low concentrations. For example, for brimonidine or fadolmidine, 1% to 2% wiv is
considered extremely high, 4.5% to 1.0% w/v still highly inductive of a-1 receptors and toxie for
purposes of the present invention. Further, 0.10% to (.5% w/v is still too high and even 0.070%
i 0.10% wiv is associated with a higher than preferred incidence of rebound hyperemia
{however, for dexmedetomidine, its greater lipophilicity and intraocular peneiration reduces
rebound risk in this range). Only 0.065% w/v or below 1s potentially acceptable, where for ruost
n-2 agonists, depending on degree of selectivity (L050% wiv or even more preferably 0.035%
wiv or less is desired. On the other hand some degree of usefil activily may ocour at one or
more orders of magnitude further reduction of concentration. The preferred embodiments,
brimonidine, fadolmidine and guanfacine, of the present invention preferentially stimulate o-2

adrenergic receptors, and even more preferably o-2b advenergic veceptors so that a-1 adrenergic
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receptors are not stimulated sufficiently enough fo cause excessive large vessel arteriolar
constriction and vasoconstrictive ischemia, In addition, it has been discovered that preventing or
reducing redness for drugs that otherwise directly induce redness, such as the acetyichohue
agonist, aceclidine, enhances compliance for sensitive subjects that may have induced redness or
nasal congestion even with formulations of the present invention that do not include an ¢-2
agonist. However, becanse o-2 agonists are shifted to their ionized equilibrivmn an acidic pH is
somewhat offset by the fact such agonists exert greater affect at neutral or alkaline pH. Therefore
each ¢-2 agonist has a preferred pH range depending on ifs lipophilicity and pKa value when
added to the inventive compositions with aceclidine. For the present invention while pH range of
5.0 to 8.0 is tolerated, preferred embodiments are at pH 5.5 to 7.5 and more preferably 6.5 to0 7.0,
Further, it has been discovered that cyclodexiring and/or polyoxyl 40 stearate as a nonionic
surfactant component or as the sole nonionic surfactant, result in a greater whitening effect when
the ¢-2 agonist is included in the composition rather than peloxamer 407, The o-2 agonist may
optionaily be applied separately or in certain preferred embodiments with formulations of the
present invention that do not include an o-2 agonist, such as those formulas with polyoxyl 40
stearate 5.5%6 w/v as the non-lonic surfactant, although the 0-2 agonist is not required except for
cccasional sensitive subjects. Fadolmidine represents the a-2 agonist with highest hydrophilicity
and therefore high surface retention for the present invention. Guanfheine is also highly
selective and hydrophilic. Brimonidine is highly selective with moderate Hpophilicity. Finally,
dexmedetomidine has high selectivity with high Hpophilicity that may be nsed with less efficacy
for reducing redness for the purposes of the present invention (although possibly inducing
fatigne as a side effect in some patients). In a preferred embodiment using polyoxylt 44 stearate
5.5% wiv; CMC 0.80% wiv; MNaCl 0.037% w/v; EDTA 0.015% wiv, borate buffer § mM and
BAK 0.007% w/v results in redness of about 1.0 to 1.5 out of 4 which is transient lasting about
ten minutes, and by 30 minutes returns 1o about baseline.

{3129] In one embodiment, the selective g-2 adrenergic receptor agonist is a compound which
has binding affinity of about 200 fold or greater, even more preferably abowt 1000 fold or
greater, and most preferably, about 1580 fold or greater.

{3130} The selective n-2 adrenergic receptor agonist may be present at g concentration from

between about 0.0001% to about 0.065% w/v; more preferably, from abowt 0.001% to about
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0.035% wiv; even more preferably, from about 0.01% to about 0.035% wiv; and even more
preferably, from abowt 0.020% to about 0.035% wiv.

[68131] In one embodiment, the selective -2 adrenergic receptor is selected from the group
consisting of brimonidine, guanfacine, fadolmidine, dexmedetomidine, (+)-(8)}-4-[1-(2,3-
dimethyl-phenyl}-ethyi]-1,3-dihydro-imidazole-2-thione,  I-{(imidazelidin-2-yhiminojindazole,
and mixtures of these compounds. Analogues of these compounds that function as highly
selective a-2 agonisis may alse be used in compositions and methods of the present invention.
(8132} In a more preferred embodiment, the selective o2 agonist is selected from the group
consisting of fadohmidine, guanfacine and brimonidine. In a yet more preferred embodiment the
selective o-2 agonist is brimonidine in the form of a salt at a concentration of 0.025% 10 0.065%
wiv, more preferably from 0.03% to 0.0353% wiv. In a preferred embodiment, the salt is a
tartrate salt,

#1133} In another vet more preferred embodiment, the selective ¢-2 agonist is fadolmidine at a
concentraiion from abowt 0.005% to about (.05% w/v, more preferably from 0.02% to about
0.035% wiv in the form of a hydrochloride (“HCI™) salt.

[6134] In another yet more preferred embodiment, the selective o-2 agonist is guanfacine at a
concentration from about 0.005% to about 0.05% w/v, more preferably from 0.02% to about
0.035% wiv in the form of an HCI salt.

[01358] In another vet more preferred embodiment, the selective o-2 agonist is dexmedetomidine
at a concentration from about 0.005% to about 0.05% wiv, more preferably from 0.04% to about
0.05% w/iv in the form of an HCH salt.

[8136] in ancther preferred embodiment a pH less than physiologic pH is found to enbance the
whitening effect for brimonidine, preferably pH 4.5 to 6.5, and more preferably pH 3.5 10 6.0.
However, redness reduction is achieved at all pHs, and enhancernent of aceclidine absorption
oceurs at alkaline pH, such that more effect ocowrs from a given concentration, and therefore
while effective at pH ranges from 4.5 t0 8.0, pH range of 6.5 to 7.5 is preferred for the presemt
invention, and 7.0 to 7.5 most preferred,

{0337} The present invention is further directed fo an ophthalmological composition further
comprising a cycloplegic agent. It is g surprising and totally unexpected discovery of the present
tnvention that certain cycloplegic agents can be combined with miotic agents, particularly for the

present invention, aceclidine, withowt reducing miotic onset, magnitude, or duration; and further

N
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blunt the normally attendant spike in miotic effect coineiding with time of peak absorption in
aqueous formulations to provide a constant miosis versus time after onset from 15 to 30 minutes
to & to 10 hours depending on the desired formulation.  The addition of the cycloplegic agent
also reduces any residual associated discomfort that may otherwise ocour soon afier topical
instillation, which presumably is a result of ciliary spasms oy excessive pupillary miosis.

{6138] Cycloplegic agents suitable for the present invention include, but are not limited to,
atropine, Cyclogyl® (cyclopentolate hydrochloride), hyoscine, pirenzepine, tropicamide, atropine,
4-diphenviacetoxy-N-methylpiperidine methobromide (4-DAMP), AF-DX 384, methoctramine,
tripitramine, darifenacin, solifenacin  (Vesicare), tolterodine, oxybutynin, ipratropium,
oxifropium, tiotropium  (Spriva), and  otenzepad (aka  AP-DX 16 or 11-{[2-
(diethylaminoymethyl}-T-piperidinyacety!]-5,1 1 -dibydro-6H-pyride{2,3bi{1 41benzodiazepine-

g-one). In a preferred embodiment the cycloplegic agent is tropicamide at a concentration from
about 0.01% to about 0.10% w/v, more preferably from about 0.025% to about 0.080% w/v and
still more preferably from about 0.04% to about 0.06% w/v. In another preferred embodiment
the cycloplegic agent is a mixture of tropicamide at a concentration {from about 0.04% to about
0.07% wiv or pirenzepine or otenzepad at a concentration from abount 0.002% to about 0.05%
Wi,

{8139} In a preferred embodiment, tropicamide 0.01% wiv was found to slightly reduce brow
ache, 0.030% w/v to further reduce brow ache and from §.04% to about 0.07% wiv to completely
eliminate brow ache without reduction of the average pupillary miosis diameter over duration of
effect.  Tropicamide in preferred embodiments has demonstrated completely unexpected
seasitivity of effect, where gt about 0.04% wiv unexpectedly and very effectively reduces or
eliminates brow ache and ciliary spasm pain, becoming very noticeably further reduced at
0.042% w/v and absent at 8.044% w/v in a preferred embodiment with no cycloplegia (surprising
due to its common use as a pupil dilating agent). Yet, tropicamide did not reduce the mean
degree of pupil miosis, the time of onset of pupil miosis or the subsequent visual benefits. On
the contrary, tropicamide blunted the peak wmiosis seen in aguecus formulations to create a
sinooth consistent miotic effect over time. It allowed modulation of peak pupil miosis io achieve
a more even effect over time with no dilation as has been found with its prior use. Specifically,
tropicarnide is useful to prevent transient constriction below 1.50 mm at 30 o 60 minutes

following aceclidine in some embodiments and to reduce transient excessive and undesirable
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dimming of vision that may otherwise occur at peak onset of about 30 minutes.  As an example,
an ophthalmological composition comprising 1.53% wiv aceclidine, 3% wiv HPBCD, 0.75% w/v
CMC, 0.25% wiv NaCl |, 0.01% w/v BAK and a phosphate buffer at pH 7.0; or 1.45% wiv
aceclidine; 5.5% w/v polyoxyl 40 stearate; 0.80% w/iv CMC; 0.037% w/v NaCl; 0.015% wiv
EDTA; 0.007% wiv BAK and SmM phosphate buffer at a pH 7.0; was varied from 0.040% wiv
tropicamide, where moderate dirnming was noted, to 0.044% w/v tropicamide where dimming
became almost undetectable other than in extremely dim light conditions. This additional pupil
size meodulation with a cycloplegic agent allows aceclidine concentrations sufficient for
prolonged effect while blunting the attendant peak excessive constriction that is undesirable as
well as any uncomfortable brow ache. Surprisingly and due to its short-acting nature,
tropicamide achieves this blunting effect without causing mydviasis. Further, in a preferred
embodiment, tropicamide 0.014% w/v was found to reduce brow ache, 0.021% wiv to further
reduce brow ache and from 0.028% to 0.060% w/v and in some embodiments up to 0.09% w/v to
completely eliminate brow ache without cycloplegia (i.e. paralysis of ciliary muscle of the eye).
{0140} It has been found for a racernic 50:50 mixture of (+) and (-} aceclidine optical isomers
(where in some studies (+) is more potent and in others it is felt {-) may be more potent)
tropicamide effects may vary depending on the ratio of aceclidine to tropicamide. For example,
in an ophthalmological composition of the present invention comprising 1.55% w/v aceclidine,
5.5% w/v HPRCD or in a preferred embodiment polyoxyl 40 stearate, 0.75% w/v CMC (1% =
2,500 centipoise), 0.25% w/v NaCl, and 0.01% w/v BAK and at pH 7.5, 0.042% wiv tropicamide
can be differentiated from even 0.035% w/v, with the former demonstrating normal indoor night
vision and the latter shight dimming that becomes more noticeable at still lower concentrations.
At higher concentrations, such as from about 0.075% to about 0.090% w/v tropicamide, loss of
optimal range pupil constriction 1.50 mm to 1.80 num range begins, and frank mydriasis at higher
concentrations begins to occur. As isomer ratio roay alter the effective concentration, this must
be factored into the clindcal efficacy anticipated using aceclidine; for preferred ernbodiments of
the present invention a polarimeter was used to determine an exact 50:30 isomer ratio was used
{personal communication Toronto Research Chemicals).

[8141] FIG. 1 shows the effect of a miotic agent with or without a cycloplegic agent and with or
without a carrier. Subject is an emmetrope over the age of 45 with a baseline near vision of

20.100 and baseline distance vision of 20.20. Topical administration to the eye of 1% wiv

N
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pilocarpine in saline solution results in an improvement of near vision to 20.40 (8a), however
this improvemnent comes at the expense of a reduction in distance vision to 20.100 (8b). The
addition of 0.015% w/v tropicamide resuits in an improvement of near vision to 20.25 (93) and a
lessening of the reduction of distance vision to 20.55 {9b), though in certain instances with some
induced irregular astigmatism {mildly blotched areas in reading field of vision). Topical
admirdstration of 1.55% w/v aceclidine in saline solution results in an hmprovement of near
vision to 20.40 for an extended time period of & hrs (10a) withowt any effect on the baseline
distance vision {10b). 10c¢ and 104 show the effects of administering aceclidine in a carrier
composed of 5.3% wiv 2-hydroxypropyl beta cyclodextrin, 0.75% w/iv CMC (1% = 2,500
centipoise), 0.25% w/iv NaCl, and 0.01% wiv BAK. As sesn in 10c the carrier increases the
beneficial cffect of aceclidine resulting in better than 20.20 near vision. As seen in 10d a similar
increase in distance vision occurs, 10 and 10f show the effects of adding 0.042% wiv
fropicamide to the acecliding in the carrier. As seen in 10e near vision is improved to 20.15 with
a guicker onset of maximum visual acuity. As seen in 10f a similar improvement is seen in
distance vision. Taken together, FIG. 1 shows that aceclidine is capable of temporarily
correcting near vision in a presbyopic subject without affecting the baseline distance vision,
Similar results can be achieved with a different miotic agent, pilocarpine, with the addition of a
cycloplegic agent such as tropicamide. A proper drug carrier can also have a beneficial effect.
{0142} The present invention is further directed to an ophthalmological composition further
comprising & tonicity adjustor and a preservative.

[143] A tonicity adjustor can be, withount liraitation, a salt such as sodium chiovide ("NaCl”),
potassium chloride, mannitol or glyeerin, or another pharmaceutically or ophthalmologicalally
accepiable tonicity adjustor. In certain embodiments the tonicity adjustor is 0.037% w/v NaCl,
[0144] Preservatives that can be used with the present invention include, but are not limited to,
benzalkonium chioride (“BAX™), chlorobutancl, thimevosal, phenylmercuric acetate, disodium
ethylenediamineteiraacetic acid, phenylmercuric nitrate, perborate or benzyl alechol In a
preferred embodiment the preservative is BAK at a concentration of about 0.001% to about 1.0%
wiv, more preferably at a conceniration of about 8.007% wiv. In another preferred embodiment
the preservative is perborate at a concentration of 0.01% to about 1.0% w/v, more preferably at a

conceniration of about $.02% wiv.
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[$145] Various buffers and means for adjusting pH can be used to prepare ophthalmelogical
compositions of the invention. Such buffers include, but are not limited to, acetate buffers, citrate
buffers, phosphate buffers and borate buffers. It is understood that acids or bases can be used 10
adjust the pH of the compostiion as needed, preferably of 1 to 10 mM concentration, and more
preferably about 5 mM. In a preferred embodiment the pH is from about 4.0 to about 8.0, in a
more preferred embodiment the pH is from about 5.0 to about 7.0.

{8146} The present invention is further divected to an ophthalmological composition further
comprising an antioxidant. Antioxidants that can be used with the present invention include but
are not limited to disodium ethylenediaminetetraacetic acid at a concentration from about
0.005% to about 9.50% wiv, citrate at a concentration from about 0.01% to about 0.3% w/w,
dicalcium diethylenetriamine pentaacetic acid (“CaZDTPA™) at a concentration from about
0.001% to about 8.2% wiv, preferably about §.01% wiv Ca2IdTPA which can be formulated by
adding 0.0084% w/v Ca(OH), and 0.0032% wiv pentetic acid to the formulation and mixing
slowly. Further combinations of antioxidants can be used. Other antioxidants that can be used
with the present invention include those well known to experts in the art such as
ethylenediaminetetraacetic acid at a concentration from abeout §.0001% to about 0.015% wiv.
{6147} It is a surprising and unexpected discovery that topical formulations of the present
invention, particularly one of the preferred embodiments comprising acechidine 1.35% to 1.55%
wiv; 5.5% wiv polyoxyl 40 stearate; 0.80% wiv CMC; 0.037% wiv NaCl; 8.015% wiv EDTA;
0.007% wiv BAK; and 3mM phosphate buffer at pH 7.0 result in considerably prolonged contact
lens wear and comfort after a single topical instillation daily. The single daily use of the
preferred embodiments allowed a subject with dry eye to sleep in his lenses for one week periods
where previously even after a single night vision would be blurred and contact lenses coated with
film requiring removal and cleaning or replacement {see Example 7).

[0148] The following representative embodiments are provided solely for illustrative purposes
and are not meant to limit the invention in any way.

[8148] Representative Embodiments

[8158] In another embodiment, the ophthalmological composition comprises:

813

[61
s

52

|

1} aceclidine at a concentration of about 1.75% wiv;
] tropicamide at a concentration of about 0.042% wiv;
3

polyoxyl 40 stearate at a concentration of about 4.5% w/v;

+J3
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{3154} mannitol at a concentration of about 2.5% wiv;
acetate buffer at a concentration of about 3.0 mb; and
BAK at a concentration of about 0.02% wiv,

$155] wherein said compostiion has a pH of about 4.75.

§156] In another embodiment, the ophthalmological composition cornprises:

§158] tropicamide at a concentration of about 0.042% wiv;
§159

{

{815

{0157} aceclidine at a concentration of about 1.55% w/v

|

{0159}

{3160} citric acid monohydrate at  concentration of about 0.1% wiv,
i

polyoxy! 40 stearate at a concentration of about 3.3% w/v;

[0161] mannitol at a concentration of about 4.0% w/v;
[6162] Carbopol® (carbomer) 940 at a concentration of 0.09% w/v; and
acetate buffer at & concentration of about 3.0 mM;
[0163] wherein said composition has a pH of about 4.75.
8164} In another embodiment, the ophthalmological composition comprises:
[0165] aceclidine at a concentration of about 1.50% w/v;
[¢166] tropicamide at a concentration of about §.042% wiv;
(6167} polyvoxyl 40 stearate at a concentration of about 5.5% w/v;
{8168} mannitol at a concentration of about 2.5% w/v;
phosphate buffer at a concentration of about 3.0 mM;
Carbopol® {carbomer} 940 at a concentration of shout 0.25% w/v; and
BAK at a concentration of about 0.02% w/v,
{3169] wherein said composition has a pH of about 4.75.
{0176} In another embodiment, the ophthaliological composition comprises:
[G171] acecliding at a concentration of about 1.45% wiv;
{(172] tropicamide at a concentration of about 0.042% w/iv;
[6173] polyoxyl 40 stearate at a concentration of about 5.53% wiv;
[6174] mannitol at a concentration of about 4.0% w/v;
[6175] citric acid monchydrate at a concentration of about 0.1% wiv;
acetate buffer at a concentration of about 3.0 mM,; and
Carbopol® (carbomer) 940 at a concentration of about 0.75% wiv,

{3176} wherein said composition has a pH of about 4.75.
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{6177} In another embodiment, the ophthalmologicsl composition comprises:
i } aceclidine at a concentration of about 1.45% w/iv;
{3179] tropicamide at a concentration of about 0.042% w/v;
{B8188] polyoxy! 40 stearate at a concentration of about 5.5% wiv;
8181 mannitol ai a concentration of about 4.0% wiv;
[0182] citric acid monohyvdrate at a concentration of about §.1% wiv;
phosphate tuffer at a concentration of about 3.0 mM; and
Carbopol® (carbomer) 940 at a concentration of about 1.0% wiv,
{31831 wherein said composition has a pH of about 4.75
#184] In another embodiment, the ophthalmelogical composition comprises:

& i

8183] aceclidine at a concentration of 1.5% w/v, mannitol af & concentration of 2.5% wiv,

[

[

[4186] In ancther embodiment, the ophthalmological composition comprises:
[0187] aceclidine at a concentration of 1.55% w/v, mannitol at a concentration of 2.5% w/v,
[3188] in ancther embodiment, the ophthalmeolegical composition comprises:

[318%] aceclidine at a concentration of 1.6% w/v, mannitol at a concentration of 2.5% w/iv.
[03198] In ancther embodiment, the ophthalimelogical composition comprises:

(4191} aceclidine at a concentration of 1.65% wiv, mannitol at g concentration of 2.5% wiv,
{31921 In another embodiment, the ophthalmological composition comprises:

{3193] aceclidine at a concentration of 1.7% w/v, mannttol al a concentration of 2.5% w/v.
[83194] In ancther embodiment, the ophthalmelogical composition comprises:
13195

[
{

3
$196] In another embodiment, the ophthalmological composition comprises:
i

s ’

aceclidine at a concentration of 1.75% wiv, mannitol &t a concentration of 2.5% wiv,
§1971 aceclidine at a concentration of 1.48% w/v, manniiol at a concentration of 4.0% w/v and
Carbopol® {(carbomer) 940 at a concentration of 0.09% wiv

{0198] In ancther embodiment, the ophthalmological composition comprises:

[6199] aceclidine at a concentration of 1.48% w/v, mannitol at a concentration of 4.0% w/v and
Carbopol® (carbomer) 940 at a concentration of 0.50% wiv.

{62367 In another embodiment, the ophthalmological composition comprises:

[(201] aceclidine at a concentration of 1.48% w/v, mannito} at a concentration of 4.0% w/v and

Carbopol® (carbomer) 240 at a concentration of 0,9% wiv.
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{0202} The following Examples are provided solely for illustrative purposes and are not meant (0
imit the invention in any way,

Examples

Example 1-Effeci of aceclidine on vision of subjects aged 47 to 67 years

{4283] Table | demonstrates the effect on the near focus ability of presbyopic subjects before
and after ophthalmological administration of a composition containing acechdine. Each
composition included aceclidine in the concentrations indicated and 5.3% w/v HPSCD, 0.75%
wiv OMC, (.25% wiv NaCl and 0.01% wiv BAK. Additionally compositions administered to
subjects 4 and 5 included 0.125% wiv tropicamide. As aceclidine is an enantiomer, the chinical
effectiveness may vary with different ratios. For the present studies a nearly exact 50:30 ratio of
sterecisomers was measured as best determined by polarimetry.

Table 1. BEffects of aceclidine on vision of presbyopic patienis,

Visign ) oooE AN . Efféc‘t{h)

.25
625
1020

[0204] As seen in Table 1 all subjects had less than perfect near vision (20.20) in both the left
and right eye {object at 15 inches from the eye) and most subjects had less than perfect distance
vision before administration of the composition.  After administration of the composition all
subjects experienced an improvement in their near vision that lasted from 7 to 12 howrs,
Surprisingly, the majority of subjects alse experienced improvement of their distance vision for
the same time period, Still more surprisingly the improvement in near point was much closer
than 167 typically reguired for comfortable reading, in some cases to about 8.5” more commonly
seen in individuals 30 or less. The addition of tropicamide, a cycloplegic agent, had no additive
or deleterious effect on vision correction.

Example 2 Effect of concentration of concentration of aceclidine and tropicamide

Table 2: Effect of conceniration of concentration of aceclidine and tropicamide.
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#1 #a #4 #S5 {OD) | #5 {0S) #6
Brimonidine 0.03% 0.03% 0.03% 1 0.03% 0.{

Poloxamer 407 5% :
HPBCD 550 | 5.5%
Aceclidine | 15% | 15% | 0.75% | 1.1% 11% | 1.1%
_ Tropicamide 42% | 0.062%

NaCl 0.25% .2
CMC 075% | 0.95% | 0.75% | 0.75% | 0.75% 0.75% | 0.75%
BAK (3.1% 3.1% 0.1% 0.1% 0.1% 1% (4.1%
Redness (15my | O+ ; 0.5 0.5 10 B 0 0
Redness (30m) | 05 | 025 0.25 0 0 0 0
Brow Ache (66 m) a2 0.5 0.5 00 | oo 1 00
Stinging (10 m) 2 2 0.5 3 0 0 0 0
BD-OD 2020 | 2020 | 2020 1 2020 | 2020 1 2020 1 2020 | 20.20
BD-0OS 20,25 20.25 20.25 20,25 20.25 20.25 20,25 20.25
BN-OD &t 8ot 8 pt 5ot 8 pt 8 pt 8 pt 8 ot
BN-08 Tpt 7 pt 7 pt 7 pt 7 pt 7ot 7ot 7 pt
BP-photopic 3mm ¢ 3mm 3 min 3 mm 3 mim 3 om 3 mam 3 mun
BP-mesopic 1 Som S mm $ mm S 5 inm 5 mm 5 mm S mm
Micsis start {m) i5 15 i5 i5 15 {5 1§ | 15
Miosis (OUY (1 he)y | 163 mim { 1.63 wrn 12.0-2.5 mm | L63 mm i 1.63 mm ] 163 mm | 1.63 mm | 1.70 mm

Distance (OU (20my] 2020 | 20,20 2020 | 2020 | 2020 | 2020 | 2020 | 20.20
Distance (OD) (1hr) | 20,1542 | 20,1542 | 2020 | 20.15+2 | 20.15+2 20,1542 | 20.15+2
Distance (OS) (1he) | 20,1542 | 20,1542 | 20.20 | 20.15¢2 | 20,1542 | 20.15+2 | 20,1542 | 20.15+2

Disance (OU) (150 | 20003 | 20.10-3 | 2015 1 20.10-3 | 20.10-3 | 20.10-3 | 20.10-3 | 20.10-3

Near (OUY(20m) | 4 ot 4 pt dpt dpt | 4pt 4 pt
Time (hr} 2.5 | 6.5 11 10 10

S
(&4

[0203] Abbreviations: (C) indicates corrected vision, {m) indicates minutes, (hr) indicates hour,
mm indicates millimeters, BD indicates baseline distance vision; BN indicates baseline near
vision, BP indicates baseline pupil size, OD indicates vight eye; OS indicates left eye and OU
indicates both eyes.

[6206] All percentages are wiv. "pt" reflects size of print materials, 4 being equivalent to 20/20
vision and 3 to 20/15 vision.

102671 "Time" refers to duration of the effect.

[3208] As seen in Table 2 aceclidine at a concentration of at least 1.1% w/v was able to reduce
the size of the pupil to 1.63 mm 1 hour after topical instillation resulting in corrected near and
distance vision for at teast 10 hours. Lowering of the concentration of aceclidine to 0.75% w/v
(formula #3) reduced the miotic effect to 2.0-2.5 mm after 1 hour and vision correction lasted
only 6.5 hours. The addition of 0.03% w/v brimonidine reduced redness of the eye (4 out of 4

11
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without brimonidive, not shown) to 1.5 out of 4 within 30 minutes afier topical instiliation which
was maintained for the entire time vision was corrected. Switching the nonionic surfactant to
HPRCD (formulas #2-6) further reduced the redness of the eye. Lowering of the concentration of
aceclidine to 0.75% wiv (formmuia #3) further reduced eye redness but as mention above also
reduced the vision correction durstion of the formula.

10209 A brow ache and stinging in the eye were noticeable in fornulas #1-3 with a 2 out of 4
level of pain which was also associated with feelings of slight nausea, upset stomach and fatigue.
Swurprisingly, the addition of a cycloplegic agent, tropicamide, reduced brow ache and stinging to
0.5 out of 4 and 0 out of 4 respectively with brow ache dissipating after 60 minutes (forroula #
4}, Further, the raising of the concentration of aceclidine to 1.1% w/v restored the longer
duration of corrected vision seen in formulas #1-2 without increasing eve redness. However,
upon te-topical jnstillation of formula #4 at the end of the 10 hours noticeable brow ache
occurred.  Topical instillation of formula #5 (O and {08), with increased tropicamide
concentrations, following formula #4 relieved the brow ache experienced with re-installation of
formula #4. Upon a 3™ topical instillation, at the end of the effective duration of formula #3, re-
topical instillation of formula #5 again led to considerable brow ache. Once again, in formula
#6, raising the concentration of tropicamide was able to overcome the brow ache. Additionally
and unexpectedly, tropicamide, despite being a cycloplegic agent, had no effect on pupil miosis
of vision cotrection. Surprisingly, the addition of tropicarmide resulted in a prolonged duration of
optimal pupil size constriction.

[6210] To determine the effect of brimonidine on pupil miosis, formula #7, was admirustered.
Administration of fornula #7 resulted in only a slight decrease in pupll miosis to 1.70 mm with
identical distance and near vision improvement to that of formula #3. A 2-3+ comjunctival
injection was noted.

[6211] All baseline vision data was based on vision corrected with distance contact lenses. Near
vision was noted by subject as ouistanding from 8 inches to the horizon at 1.5 hours after
instaliation. A Marco Autorefractor with infrared camera and superimposed pupil calibration
scale was used for all pupil size measurements. Once an image was selected it remained on
screen allowing accurate calibration.

Example 3 Effect of concentration of aceclidine, brimonidine, guanfacine, fadolmidine,

tropicamide and additives
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Table 3: Effect of concentration of aceclidine, brimonidine, guanfacine, fadolmidine,

{ropicamide and additives,

AB2T| AB4T| AB6T| ABIIT | ABI2T |PROPHI3
Agcecliding 1.55 1 1.55 1 1.35 1.55 35
Brimonidine | 0.037 10.0371 0.037
Fadolmidine
Guanfacine
HPBCD 515 3 s
Tropicamide 0,043 0.043 1 0.043 | 0.043 3.042 0.043
CMC* 0075100751 00751 0078 0.075 0.075
Na(l 0.02510.025 1 0.025 1 0,025 0.025 0,025
BAK 8.01 011 3.0 0.01 .01 0.01
Glycerin

Poloxamer 188
Polvaxyvl 40 stearaie

o pH : . . 7.5 .
nasal congestion 0 g 0 ¢ 0 {
stinging nitial 8.75 { 1.5 35 | 0 1.5
stinging, 3 min 0.5 O ¢ lwashow 0 ¢
redness nftial Q ¢ i D i 1
redness 15 min & g { 0/C { O
whitening g g v D/C 1.5 1.3
pain g { 8 D/IC ¢ {

vision near 2030120151 20181 D/IC 20,15 20,15
vision distance 2020120201 20201 DIC 20,20 2020

onset (mim) | 20 12 16 /C 12 15

duration {frs) 55 1751 75 | B 7.5 7.5
color clear |yellow iyeliow| vellow | wellow | vellow

OVERALL 25 1 39 | 38 {0 4 3.8

{92127 %1% =2,500 ¢ps

[6213] All percentages are w/v. Scores for pasal congestion, stinging initial, stinging, 3 min,
redness initial, redness 15 min, whitening, pain and overalf are out of 4.

[8214] "pt" reflects size of print materials, 4 being equivalent to 20/20 vision and 3 to 20/15
vision.

[8215] Baseline vision was 20.20 both eves for distance; 20.70 right eve unaided for near; 20.80
left eye for near (best @ 16™).

192161 IV/C stands for discontinued after eve washing due to intolerable stinging.
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{6217} Aceclidine at a conceniration of 1.55% w/v was able to reduce the size of the pupil to
about 1.63 mm 30 minutes after topical instillation resulting in corrected near and distance vision
to 20.20 or betier for at least § hours, with noticeable affect lasting about 7.5 hours as seen in
Table 3. Lowering of the concentration of aceclidine to 1.25% w/v (not shown) resulted in
useful near vision improvement to about 20.25 — 20.30, but not as effective as at the higher dose
range alkaline pH resulied in quicker onset, longer duration, and greater effect. The addition of
0.037% w/v brimonidine reduced redness of the eye {4 out of 4 without brimonidine, not shown)
to baseline within 15 minutes after topical instillation which was maintained for the about the
entire time vision was corrected. Adding glycerin 0.10% w/v noticeably reduced stinging.
Adding instead poloxamer 188 0.05% w/v and polyoxyl 40 stearate 0.05% w/v however reduced
initial stinging further but was more viscous. The combination of glycerin 0.1% w/v, poloxamer
188 0.1% wiv at a pH of 6.5 was noticeably reduced in onsst, duration, comfort and
effectiveness. AB11T did not include glycerin, poloxamer 188, or polyoxyl 40 stearate, which
resulted in substantial stinging and discontinuation of the experiment with eye flush irrigation
immediately after topical instillation. Substitution of guanfacine 0.037% w/iv in ABI2T for
brimonidine resulted in minimal initial redness with prolonged redness reduction and some
degree of whitening, and appeared to provide overall the best cosmesis thongh reguiring slightly
higher aceclidine concentration for optimal effect.

[8218] All baseline vision data was based on vision corrected with distance contact lenses. Near
vision was noted by subject as cutstanding from 8 to 10 inches to the horizon at 30 minutes after
installation for AB4T and AB6T.

{92191 AB4T and ABST were repeated both monocularly and binocularly. Substantial
improvement in depth perception, near point acuily to 3 pt (20.15), and near point distance (87,
20.20) was noted when both eyes were treated vs. monocular treatment. Monocular treatment
resulted in worsening of vision with both eyes open versus testing only the freated eve.

Example 4 Effect of concentration of aceclidine, brimornidine, iropicamide, and additives

Table 4; Effect of concentration of aceclidine, brimonidine, tropicamide, and additives.
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#i0
1.61%
C.042%

e

D.042% 042
C.80% | 0.80%
0.530% ¢ 0.75%
C.Gt% L 0.01%

700

G.80%
0.50%
G019

E: "\)M o
G.01% §0.01%

G 700

15

inn (hrs) 10-12 7 9 7 9 @ 7 7 7
upil range {mn) 0507 P15-L7PLE-20  LR2GEEB-2.00 LR20 | LR B2 B L8211 622
i3 I T LS 6.5 3.5 4.5 3.5 15 3.5 0.5 .3
i H f 3 i 1 1 H i { { i i 1
Ackhe (-4 (.23 .25 .25 025 ¢ 600§ .00 0.00 0.00 (.00
Redness G-4 3.5 0.5 .3 §.5 i0 .3 3.3 RE 3.5
Oiher svatery | watery (o thicker st residue [ watery  watory Jwatery ! thickey sf thicker {5 thicker watiry { watery
Overall -3 3.5 5 4 4 25 4.5 NI - 5 3 4

[0226] As seen in Table 4, formulas #8-9, an incresse in brimonidine to 0.42% w/v resulted in
redness reduction to 0.5, while 0.75% wiv CMU resulted in a watery consistency. Unexpectedly,
inereasing CMC from 0.75% w/v to a range of 0.80% w/v to 0.87% wiv and increasing Ma(l
from 0.25% wiv to 0.75% wiv in formudas #10-11 resulted in a thicker consistency and an
increased residence time from 7 hours to 1012 hours and decreased the amount of drug that
drained into the nasolacrimal duct, This decreased drug delivery to the nasal passages results in
less nasal congestion.

182217 In formulas #13-1% a decrease in the amount of aceclidine from 1.61% to 1.53% wiv
resulied in a pupil size rapge from 1.8-2.0 mm. Dimming as a result of the restriction of the
puptl decreased linearly from 1.5 to 0.5 with the decreased amouunt of aceclidine. Specifically,
the 1.8 to 2.0 mm pupil created 41% more lght than the 1.5 to 1.7 mm pupil. Surprisingly, the
1.8 to 2.0 mm pupit had a neer depth increase of 1.75 D, This s only a 0.25 D loss from the
beneficial 2.00 D seen with the 1.5-1.7 yrun range.  Thus, the 1.80 to 2.0 mm range produces
41% more light while stili allowing the fusll benefit of increased near vision wn individuals under
60 years of age; whereas, individuals 60 years of age and over still experience total computer
benefit and some increased near benefit,

102221 The increase in tropicamide concentration from 0.042% w/iv (formulas #8-#11} 1o
0.044% wiv {formulas #13-#18) resulted in a decrease in ache to negligible amounts.  The
amount of ache may also be correlated with the age of the individual. For those individuals
under the age of 43, an increase of tropicamide concentration to a range from 0.046% to 0.060%

wiv may be preferred.

(F8]
(¥4
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{6223] Further, Table 4 shows an unexpected result seen in formulas #13 and #17 where the
increase of NaCl from 0.25% wiv to a range of 0.50 to 0.75% w/v resulted in an acceptable
redness score of only 1.0 even without the addition of the redness reducing agent brimonidine.
[6224] Formulas #15, #16 and #17 each result in an overall maximum rating of 5 by combining
the benefits of (1) reduced aceclidine concentrations to improve the amount of light produced
without significantly affecting the near vision benefits seen in formulas #8 - #12; (2) increased
Na(l concentrations resulting in a further reduction in redness even in the absence of
brimonidine; and (3) increased CMC concentrations resulting in longer residency time on the
eye.
[0225] Formula #19 is an excellent alternative for the minority of individuals that are high
responders to formulas #15- #17 and get noticeable dimming with 1.53% w/v aceclidine.
Formula #20 is an excellent alternative for the minority of individuals that are low responders to
formula #19. Lastly, Formula #21 is an excellent alternative for the minority of individuals that
are low responders and get poor pupil response with Formula #20.

Example 5 Comparison of Effects of Polyoxyl 40 Stearate, HEFCD and Poloxamer 407

Table 5. Comparison of Effects of Polyoxy! 40 Stearate, HPBCD and Poloxamer 407,

#22 #24
Acecliding 1.45%
Tropicamide 0.044%
Brimonidine 0.040%10.0
Polvoxy! 40 Stearate
HPBCD
Poleamer 407 5.5% |
CMC 0.80% | 0.80% ¢ 0.80%
NaCl 0.037910.037% 0.037%
EDTA 3.015%10.015% | 0.015%
BAK 0.007% 1 0.007%| 0.007%
oH 7.00 7.00 7.00

phosphate buffer | 5mM | SmM | S mM
Nasal Congestion (.00 050 | 1.30

Stinging {3.25 8.25 0.25
Weiting 4,00 4,00 4.00
Redness 025 | 0.50 | 0.50
Visual Blur (< 15 sec}| 0.50 .50 1.50
Duration 6-8 hrs 1 6-8 hws | 6-8 hrs
Overall (-4 4.00 4.00 4.00

LD
N



WO 2016/205068 PCT/US2016/036687

Clinical Frotocol
{0226] 20 presbyopic patients with full distance correction were each given one of the above
formulas (#22 - #23).  All patients received pre- and post-drop distance and near acuity
measurement, Zeiss Visanie® (Visante is a registered trademark of Carl Zeiss Meditee AG)
optical adherence tomography, axial length and contrast acuily testing (i.e. Colenbrander-
Michelson 10% Lum target) with the following results: ~
all patient achieved a miotic puptl of 1.5 t0 2.20 mmg
no patient experienced ciliary ache, ciliary spasm, or induced accommodation;
all patients achieved 20/30+ visual acuity or better at 14” and were very satisfied with
their high contrast near vision results and there was no significant complaint of burning
or aching;
the duration of effect lasted 6 -8 hrs in all cases;
binocular vision afforded all patients I — 1.5 additional lines of near acuity over
monocular testing;
the last 10 patients were tested at 207 (i.e. computer distance, cell phone distance) and all
achieved 20/25 or better near visual acuity;
moderately hyperopic {approx. +2.25 sphere) uncorrecied presbyopes were very satistied
with distance visual acuity that improved to a 20/25 or better level at distance and near
vision in the 20/30 range; and
uncorrected distance acuity was often improved for those patients who chose not to
routinely correct a small refractive ervor.
[0227] As seen in Table 5, the use of polyoxyl 40 stearate provides the most comfortable
aceclidine formulation with the least amount of visual blur and redness. To achieve similar
results to that of formula #22, formula #23 requires 10-15% higher concentrations of the non-
ionic surfactant and formula #24 requires 15-20% higher concentrations of the non-iomic
surfactant,. HPBCD indoced a color change over time, possibly indicative of oxidation.
Captisol® (sulfobutylether B-cyclodextrin) was substituted with similar findings.
Example 6 Modulation of Aceclidine Concentrations in a Preferred Embodiment.
{8228} Preferred embodiment:
Aceclidine 1.35% - 1.55% wiv;

Polvoxyl 40 stearate 5.5% wiv;
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MNalZl 0.037% wiv;
a viscosity enhancer, preferably CMC 0.80% wiv or an amount of Carbopol® 934 or 940
sufficient to achieve a viscosity of from about 5 to asbout 35 ¢ps upon topical topical
inatillation, such as Carbopol® 940 at a concentration from about 0.09% to about 1.0% wiv;
BAK 0.02% wiv; and
a phosphate, ciirate, citrophosphate, or acetate buffer from about 3 to about 10 mM,
wherein the pH is from about 4.75 to about 6.0.

{0229] For 1.35% w/v aceclidine -

[0230] Stinging on topical instillation 0.25 / 4.0 (lasting about 2-5 seconds);

16231] Induced redness at 10 minutes: 1.0 t0 1.5/ 4.0,

(8232} Induced redness at 30 minutes: 0.0 to 0.25 7/ 4.9;

f

{

8623

hour period after a single topical instillation.

i
82331 Comfort: very high.
343

Wetting: very high, the eye maintaining sensation of improved wetting for most of a 24

[8238] Depth of Focus distance: excellent.
182361 Depth of Focus near: excellent,
{6237} In testing the above formulations on several subjects it was discovered that there is a
slight range in clinical effect depending on the concentration of acechidine, where 1.35% - 1.535%
wiv acecliding is preferred, but for which 1.35% w/v and 1.45% w/v confer the desired benefits
on most subjects.
16238] Further, it is discovered that the clinical effect of 1.35% w/v aceclidine can be improved
when instilled as follows:

1} baseline effect: 1 drop to each eye.

2} enhanced effect: 2 drops o each eve.

3} greater effect: after 2) above repeat 1) above.

4y maximum effect; after 2} above repeat 2) above.

Example 7 Use of u preferred embodiment to prolong coniact lens wear.

[4239] Preferred embodiment:

Aceclidine 1.45% wiv;

Polyoxyl 40 stearate 5.5% wiv,

NaCl 0.037% w/v,
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a viscosity enhancer, preferably CMC 0.80% w/v or an amount of Carbopol? 934 or 940
sufficient to achieve a viscosity of from about 5 to about 35 cps upon topical topical
instillation, such as Carbopol® 940 at a concentration from about 0.09% to about 1.0% w/v;
BAK 0.02% w/v; and
a phosphate, citrate, citrophosphate, or acetate buffer from about 3 to about 10 mM,
wherein the pH is from about 4.75 to about 6.0,
{0240] As a baseline, the subject, who normally wore extended wear lenses {(Air Optix®; Air
Optix is a registered trademark of Novartis AG) for daily wear only, slept in these lenses
overpight. On arising each morning the subject’s vision was blurred and the contact lenses
required removal and cleaning of film and deposits that had formed oversight. Average vision
on arising at distance: 20.60; average vision at near on a Michelson contrast acuity chart: 20.80.
[0241] Then, for seven consecutive days the above formulation was instilled between 7 am and
10 am each day as a single dose. Subject wore the Air Optix® lenses throughout each day and
slept in the lenses overnight. Upon arising each morning the subject’s vision at distance: 20.20+;
vision at near 20.40 unaided {consistent with subject’s baseline presbyopia when the subject did
not wear the lenses overnight and instead inserted the lenses upon arising).
Example 8 Comparison of Effects of Polyoxyl 40 Stearate and Captisol® (sulfobusylether -
cyelodexivin
Table 6. Comparison of Effects of Polyoxyl 40 Stearate and Captisol® (sulfobutylether B-

cyelodextring.
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#27 H28 #29 #30 #31

1.35% 4 |, 33/0 1.35% 1 1.35% 1 1.35% | 135%
0.044% {0 610 044‘% (0.044% | 0.044% |
5.5% 5.5%

Acecliding
Tropicamide
Polyoxyl 40 stearate

LW
Captisol

Cocamidopropy! betaine

EDTA 0.015% % 10.005%

CMC 1%=2,500 cps | 0.80% { 0.80% | 0.80% t C. 60% 0.80% 1 0.80% | 0.80% | 0.80% 0.80%
Na(l 0.037% 1 0.037% 1 0.037% 10.037% 1 0.037%{0.037 0.037% ‘
Mannitol
BAK
Borate buifer (mM)
Phosphate buffer {mb) ¢ 4
pH 7 7 ‘ J /
Redness, 10min | 125 | 125 | 2 2 1175 175 0 0 | 0
Redness, 30 min 0 | 0 15 1 15 1 125 1 1.2 0 0 0
Pupil, 30 min (mim) e <2 <2 ” <2 <3
Blur on instill {sec) 10 i 10 i0 10 10 10 10 i0
Ache 6 | o 0 0 0 1 9 1o 0
Rating 400 | 400 | 200 1 200 | 250 | 250 | 100 | 500 | TBD

[0242] As seen in Table 6, when using polyoxyl 40 stearate as the surfactant the exclusion of
EDTA results in reduced redness and best overall rating among polvoxyl 40 steara
compositions (Formulas #25 and #26). The addition of cocamidopropyl betaine (“"CAPB”)
further reduces redness however results in sigoificant ache (Formula #31). Replacing polyoxyl
40 stearate with Captisol” (sulfobutylether B-cyclodextrin) and adding mannitol achieves similar
results in redness reduction as the addition of CAPB to polyoxyl 40 stearate but without the
attendant ache resulting in the highest overall rating among aceclidine compositions (Formula
#3123}, After several weeks formulations with Captisol™ (sulfobutylether B-cyclodextring had an
prange hue, possibly indicative of oxidation.
{0243} Example 9 Preferred Cold Chain Composition
[6244] Composition

aceclidine at a conceniration of about 1.40%-1.80% w/v; and

tropicamide at about (.42% w/v;

polyoxyl 40 stearate at about 5.5% wiv;

~.ﬂ

mannitol at a concentration of about 2.5% to 4.5% w/v;
carbomer 940 at a concentration of about 0.09% to about 2.0% wiv;

optionally, a preservative such as BAK at a concentration of about 0.2% w/v;
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optionally citrate at a concentration of about 6.1%;

optionally with acetate or phosphate buffer at 2-100 mM, more preferably 3-5 mM

wherein said composition has a pH of about 4.50 to about 5.0; and preferably, about 4.75 to

about 3.0; and

wherein w/v denotes weight by volume
[6245] A composition as described above was administered to a 62 year old subject. It resulted
in pupils of 1.8-1.9 mum ow, 20.20 + reading vision, and 20.20 + distance vision; whereas without
carbomer 940 reduced effectivencss resulied at 2.5% manntiol, and no near vision effect resulted
at 4.0% mannitol. No ciliary spasm or loss of distance vision resulted. Gnset was within about
15 ruinutes. Transient redness of about 1+ Jout of 4 was noted for about 20 rminutes without
alpha agonist vasoconstrictor. The presence or absence of BAK had no clinical effect, and was
used to provide an optional preservative.
#2461 Example 10-Stabile Aceclidine Formulations
8247
8248

{82
i 1 Composition Tested:

{ ] aceclidine at a concentration of about 1.50% wiv;

(6249} tropicamide at a concentration of about 0.042% wiv;

8250} polvoxyl 40 stearate at a concentration of about 5.5% w/v;

82511 mannitol at a concentration of about 2.5% wiv;

[8232] citrate at @ concentration of about 3 mM;

{6253} wherein said composition has a pH of about 4.75.

[02584] 20 samples of the above compesition were divided evenly and stored at 25 °C and 4 °C.
Prior to storage, initial concentrations of aceclidine were measured using high-pass liquid
chromatography (“"HPLC™). The amount of aceclidine in sach solution was calculated by the
area under the principal peak compared {o a reference solution of aceclidine. Samples were then
subject to storage for 3 months. Aceclidine measurements were taken at 1, 2 and 3 months.
Results of the stability test are shown in Table 7

[§255] Table 7. Stahility of Aceclidine in Cold Chain Storage

25 % 4 °C

{nitial 100% 100%

i month 92% Q3%

2 months 75% B2%

(6256] 3 months 0% &E%
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82571 As seen in Table 7 “cold chain storage” or storage of the aceclidine composition at from

2 °C to § °C resulied in a significant increase in stability of aceclidine at all 3 time points.



