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(57) Abstract: The invention provides compositions and methods for the treatment of presbyopia. The methods preferably comprise
storing an aceclidine composition in a container having a headspace at a temperature from about 2 to about 8 degrees Celsius, The
methods further comprise filling the container under an inert gas overlay and/or enclosing the container an anti-leaching material or
disposing the container in a second container containing an anti-leaching material.
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COMPORITIONS AND METHODS FOR THE TREATMENT OF PRESEYOPIA
BACKGROUND OF THE INVENTION

{8811 As aperson ages the mindmum distance from the eye at which an object will come into
focus, provided distance vision is corrected or is excellent unaided, increases. For example, a 10
vear-old can focus on an obiect 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 wnches (0.15 meters); and a 60
year-oid at an inconvenient 3% 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”.
[082) Excellent unaided distance vision is alse known as emmetropia. The inability to focus on
distant focal points is known as myopia and the inability to focus on near focal points 1s known
as hyperopia. Specifically, “distance” vision is considerad any focal point 1 meter or more from
the eye and near vision is any focal point less than | meter from the eye. The mimmum focal
fength 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 focal point in between is called accommadation.
Accommodation is often measured in diopters. Diopters are calculated by taking the reciprocal
of the focal length (in meters). For example, the decrease in accommuodation from a 10 year-old
eve to a 60 vear-old eye i3 about 13 diopters {1 = 0.072 meters = 13.89 diopters; 1+ 1 meter = 1
diopter).
[883] The highest incidence of first complaint of preshyopia occurs in people ages 42-44.
Presbyopia occurs because as a person ages the eye’s accommaodative alnlity which uses near
retiex-pupil constriction, convergence of the eyes and particularly ciliary muscle contraction,
decreases. This reduction in accornmodation results tn an inadequate change 1 the normal
thickening and increased curvature of the anterior surface of the lens that is necessary for the
shift in focus from distant objects o near obiects., Important near focus tasks affected by
preshyopia inclode viewing computer screens (21 inches) and reading print (16 inches).
{3841 Presbyopia is a normal and inevitable effect of ageing and is the first unumistakable sign
for many in thetr fortiss that they are getting older. One study found that more than 1 billion
people worldwide were presbyopic in 2005, This same study predicied that nurnber to almost

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

{305]  Presbyopia carries with it a stigma resulting from the hrotiation in ability 1o quickly
function at many tasks requiring focusing at both distant and near points, which once ccourred
almost imamediately.  In the presbyopic patient, these tasks can be performed only by the vse of
eyeglasses, contact lenses or after 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 eye for near focus and the other eye for
distance focus. However, monovision correction is novmally accorspanied by loss of depth
perception and distance vision particularly in dim light (e.g. night). Other surgical procedures
that have been developed to relieve presbyopia include: (1) the implantation of intraocular lenses
(INTRACOR®; registered tradermark of Technolas Perfect Vision GMBH); (2) reshaping of the
cornea {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 AcuFocus, Inc. and Vuet). Kamra® corneal inlays
manufactured by AcuFocus work by inlaying a pinhole on the cornea to increase the depth of
focus.

[366] A similar effect can be achieved with general miotic agents, such as pilocarpine (a nown-
selective muscarinic acetyicholine receptor agonist), carbachol (a non-selective mscarinic
acetylcholine receptor agonist), and phospholine iodide {(an acetylcholinesterase mhabitor).
These general miotics can induce a pinhole pupil at sufficient concentrations o achieve puptls
below 2.0 mum and potentially extend depth of focus much like an inlay, but af concentrations
sufficient to cause pinhole pupil diamters of 2.0 mm o less these agents trigger increased ciliary
niuscle contraction and induce accommodation of any remaining reserves, -‘improving NEear vision
at the expense of distance vision in individuals who still retain some accormodative function,
The side effects of ciliary spasm induced migraine like brow pain and blurred distance vision
from induced myopia beyond the ability of a pinhole pupil to correct then necessilate using
weaker concentrations with much shorter acting and more marginal effect, such as found with
pilocarpine. In such cases even slight hyperopia helps offset the induced myopia while even

very small increments of myopia, which is very common, exacerbate it.  In extreme cases, such
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ciliary muscle spasms may possibly be associated with avterior chamber shallowing and pull on
the ora serrata of the reting, resulting in a retinal tear and or retinal detachment.

[087] Miotic agents have been described in various patent and patent applications for the
treatment of presbyopia, US Patent MNos. 6,291,466 and 6,410,544 describe the use of
pilocarpine o regulate the contraction of ciliary muscles to restore the eye to its resting state and
polentially restore its accommodative abilities.

[608] US Patent No. 8,524,758 describes the use of pilocarpine with the nou-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 Application Publication
WO/2013/041967 describes the use of pilocarpine with oxymetazoline or meloxicam to
temporarily overcome ocular conditions such as presbyopia.

[469] US Patent No. 8,299,079 (HEK Development LLC) deseribes the use of direct acting
gencral miotic agents such as pilocarpine, carbachol and phospholine iodide with the alpha 2
selective vasoconsirictor brimonidine at g concentration from 8.05% 1o 3.0% w/v. However, the
use of brimonidine concentrations of about 0.20% {or any at or above (.05%) w/v induces ciliary
spasm with often migraine intensity brow and/or head aches, and frequently results in increases
rebound hyperemia. For example, rebound redness occurs in 25% of patients using brimomidine
0.20% wiv {Alphagan®, registered trademark of Allergan, Inc.) twice daily.

[316]  US Patent Application Publication No. 2014/0113946 describes the use of pilocarpine
with the alpha | and mild alpha 2 agonist vasoconsirictor oxymetazoline, demonstrating
Henttations in distance sharpness and duration, whereby a cohort largely restricted to mild
hyperopes is required io neutralize the induced myopia (Table 1), Of the 16 eyes treated only
three were -0.25 to -0.50 diopters, and eight were rildly hyperopic. Of the -0.50 diopter eyes
two were reduced to 20.40 distance. Further, duration was limited as full effect became
diminished in about four hours. Pupil size range was from 2.0 mm to 2.7 nun, where enhanced
near effect and distance sharpness from depth of focus was minimal to absent.

1911} These attempis at miotic treatment 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. This myopic effect
is amplified by the exponential drop off in distance acnity with even sroall inerements of nominal

e

myopia in terms of unaided untreated vision. For example, a person having mild myopia{e.g

[
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spherical equivalents of -0.25 D, -0.50 D) that 15 usually associated with glasses free distance
vision, typically will have several lines of distance vision loss after instillation of pilocarpine 1%
(i.e. spherical equivalent of -0.75 D).

{0121 Miotics historically used to treat glaucoma, other than pilocarpine, particularly
aceclidine, are also associated with ciliary spasm, brow and/or headache, and myopic blur.
Further, aceclidine is unstable in solution. Normally, aceclidine is stored in a two-bottle systemy
one bottle containing the lyophilized aceclidine and the second bottle containing the diluent
necessary to reconstitute the lyophilized aceclidine before topical instillation. However, the
primary issue with its use as a presbyopic miotic 1s the attendant pain and in some cases distance
blur that may be induced.

{313} U.S. Patent No. 9,089,562 describes a composition containing aceclidine combined with
a cycloplegic agent, such that in preferred embodiments aceclidine 1.45% is combined with
tropicamide 0.042%. The addition of the cycloplegic agent at extremely low concentratnos (less
than 0.10%) swrprisingly still results in pupil miosis and allows for useful distance and improved
near vision without ciliary spasm (often a migraine like brow ache that can be extremely painful
and disabling}, which is induced by the use of aceclhidine alone. Further, aceclidine and the
cycloplegic agent require particular narvowly defined ratios and ranges of concentrations relative
o each other such that complications in the manufacturing and regulatory process, particularly
the need for lyophilization of aceclidine to allow s stable storage, and attendant effects of
cryoprotectant / lyoprotectant (hereinafter referred to as “cryoprotectant”) required, where itis a
discovery of the present invention the addition of a eryoprotectant such as a polyol, in a preferved
embodiment mannitol, results in reduced efficacy of the defined ranges and ratios of
concentrations of US 9,089,562, Dwe to these medical and practical inethciencies, it s
discovered an acechidine composition requiring same or shightly higher concentrations of
aceclidine and much lower concentrations than US 9,088,562 or in some cases no ¢ycloplegic
agent, while allowing for formulation modifications to lyophilize acechdine would be preferred
for the treatment of presbyopia with necessary commercially stable formulations. However, to
date, no aceclidine corpostition with amounts of cycloplegic agent lower than that claimed in US
9,089,562 has been effective to treat presbyopia because, as mentioned above, aceclidine alone,
particularly young and middle-aged presbyopes {ages 45 to 38), severe ciliary spasms and may

cause accoromodative induced distance blur in some subjects.
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[914] Thus, there is a need o the art for a treatment of presbyopa that is non-invasive and
conventent with minimal side effects. Specifically, there 15 a need for an ophthalmological
composition that will allow a person suffering from preshyopia to focus on near obiects without
significant side effecis such as diminished distance vision, bhwrred vision, pain, redness, impaired
night driving or incapacitating dim lpght vision, induced nasal congestion, or risk of retinal
detachiment. Further, there is a need in the art for a reduction or elimination of the need fora
cycloplegic agent to be used with aceclidine potentially enhancing duration and efficacy, as well
as for means of storage of stable acechidine compositions, where such compositions preferably
enhance both distance and near depth of focus allowing pupi! miosis to a 1.50 to 2.0 num range
without chinically significant side effects.

SUMMARY OF THE INVENTION
[015] In certain embodiments, the present invention is directed to compositions and methods
for the treatment of presbyopia.
116]  In certain embodiments, the present invention is divected to compostiions and methods
for the treatment of presbyopia comprising a muscarinic agonist, wherein the muscarinic agonist
preferentially activates M1 and M3 rmauscarinic acetyicholine receptors. In still more preferred
embodiments the muscarinic agounist is more highly selective for M1 than M3, In certain
embodiments, the present invention is directed to compositions and methods for the treatment of
presbyopia comprising 4 muscarinic agonist that preferentially activates M1 and M3 muscarinic
acetyicholing receptors.
[817] In certain embodiments, the present ovention s directed 1o compositions and methods
for the treatment of presbyopia comprising a muscarinic agonist selected from the group
consisting of acechidine, talsaclidine, sabcomeling, cevirneline, WAY-132983, AFB2678H
(NGXZ6T), AC-42, AC-260584, 77-LH-28-1, and L.Y593039 or any pharmaceutically
acceptable salts, esters, analogues, prodrugs or dertvatives thereof
[318] In certain embodiments, the present invention s directed to compositions and methods
for the treatment of presbyopia comprising g muscarinic agonist that activates only M|
muscarinic acetylcholine receptors.
{8191 In certain other embodiments, the present invention is directed to an ophthalmological

composition for the treatment of presbyopia comprising acechdine.

()
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I320] in certain preferred embodiments, the present invention is directed to ophthalmological
compositions for the treatment of presbyopia comprising acecliding, preferably at a concentration
from about $.25% to about 2.0% w/iv, and a cycloplegic agent, preferably tropicamide.
{021} In certain preferred embodiments, the present invention is directed ophthalmelogical
corapositions for the treatment of presbyopia comprising aceclidine, preferably at a concentration
from about 0.25% to about 2.0% w/v and a cryoproiectant, preferably a polvol, preferably
mannitol at a concentration from about 1.0% to about 10.0% w/v, more preferably 2.5% wiv. In
certain preferred embodiments, the present invention is directed to ophthalmological
compositions for the treatment of presbyopia comprising:

about 1.75% wiv acechidine;

about 2.5% w/v ruanniiol; and

optionally about 0.004% to 0.015% w/v tropicamide.
6221 In ceriain preferred embodiments, the present Invention is directed to ophthalmological
compositions for the treatment of presbyopia comprising:

about 1.75% w/v acechiding;

about 2.5% w/v mannitol;
about 1.0% to about 6.0% w/v of a novdonic surfactant;

about 0.1% to about 2.25% w/v hydroxypropylmethy! cellulose; and

optionally about 0.004% to 0.015% wiv tropicamide.

{623} In certain preferred embodiments, the present invention is directed to ophthalmological
compositions for the treatruent of presbyopia comprising:
about 1.75% w/v acechidine;

about 2.53% w/v manuitoel;

about 1.0% to about 6.0% w/v of a nonionic surfactant, preferably the nonionic surfactant
is sefected from a polvsorbate, tvloxapol, a poloxamer, a cyclodexinn, vitamin E TPGS
and a polyoxyl, more preferably polysorbate 80, even more preferably from about 1.0% {0
about 5.0% w/v polysorbate 80 and most preferably from about 2.0% to about 4.0% wiv

polysorbate 80,
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about 0.1% to about 2.25% wiv hydroxypropylmethyl cellulose, more preferably from
about §.75% fo about 1.5% w/v hydroxypropylmethyl cellulose and most preferably from
about 1.0% to about 1.25% w/v hydroxypropyhmethyl cellulose;

about §.10% to about $.12% w/v sorbic acid;
about 0.005% to about .02% w/v benzalkonium chioride; and
optionally about 0.004% 1o 0.015% w/v tropicarnide.

In certain preforred embodiments, the present invention s directed to ophthalmological

compositions for the treatment of preshyopia comprising:

[425]

about 1.75% w/v acechdine;

about 2.5% w/v mannitol;

about 1.0% to about £.0% wiv of a nonionic surfactant, preferably the nonionic surfactant
is selected from a polysorbate, tyloxapol, a peloxamer, a cyclodextrin, vitamin E TPGS
and a polyoxyl, more preferably polysorbate 80, even more mreferably from about 1.0% to
about 5.0% wiv polysorbate 80 and roost preferably from about 2.0% to shout 4.0% wiv
polysorbate 80;

about (.1% 1o about 2.25% wiv hydroxypropylmethyl cellulose, more preferably from
about 0.73% to about 1.5% w/v hydroxypropylmethy] cellulose and most preferably from
about 1.0% to about 1.25% w/v hydroxypropyimethyi celinlose;

about 0.10% 10 about 0.12% w/v sorbic acid;

about 0.003% to about 0.02% w/v benzalkonium chlonde;

one or more anttoxidants selected from the group consisting of ethylenediamineteiraacetic
acid {EIDTA), ethylenediaminetetraacetic acid dihydrate, sodium citrate and citrate butler,
preferably selected from the group consisting of ethylenediaminetetraacetic acid dihydrate
and sodium citrate or citrate buffer: and

optionally about 0.004% 1o 0.015% w/v tropicamide,

In certain preferred embodiments, the present invention is directed to ophthalmological

compositions for the treatment of preshyopia comprising:

~3
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about 1.75% w/v aceclidine;

optionally, about 0.004% to 0.015% w/v tropicamide;

about 1.0% to about 6.0% w/v of a nonionic surfactant;

about 0.1% to about 2.25% w/v hydroxypropylmethyl cellulose;

about §.10% to about 0.12% w/v sorbic acid; and

about §,005% to about (.02% w/v benzalkomum chloride,
wherein the composition is maintained at a temperature from about 2 to about 8 degrees celsius.
{026] In certain preferred embodiments, the present invention is directed to ophthalmological
compositions for the treatment of presbyopia comprising:

about 1.75% w/v aceclidine;

about 2.5% w/v mannitol;

about 4.0% w/v polysorbate 80;

about 1.25% w/v hydroxypropylmethyl cellulose;

about 0.12% w/v sorbic acid;

about 8.1% w/v ethylenediaminetetraacetic acid dihydrate;

about §,02% w/v benzalkoniwrn chloride; and

about 0.1% w/v sodium citrate or citrate buffer.
{8271 In certain preferred embodiments, the present imvention is directed to ophthalmelogical
compositions for the treatment of presbyopia comprising:

about 1.75% wiv aceclidine;

about 2.5% w/v mannitol;

about 4.0% w/v polysorbate 80;

about 1.25% w/v hydroxypropylmethyl cellnlose;

about 0.12% w/v sorbic acid;

about 0.1% w/v ethylenediaminetetraacetic acid dihydrate;

about 0.02% W‘\/ benzalkonium chloride;

about 0.1% w/v sodium citrate or citrate buffer; and

about 0.081% w/v tropicamide.
{828} In a preferred embodiment the concentration of hydroxypropylruethyl cellulose is from
about (.1% to about 2.25% w/v, more preferably from about 0.75% to about 1.5% w/v and most

f“

preferably from about 1.0% to about 1.25% w/v. Preferably, the concentration of
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hydroxypropylmethyl cellulose is such that the viscosity is from about 1 to about 10,000 cps
prior to instillation, more preferably from about 200 to about 500 cps and most preferably about
406 cps.

19281 In another preferred embodiment, opththalmological compositions of the present
invention comprise one or more antioxidants selected from the group consisting of
ethylenediamivetetraacetic acid ("EDTA™), ethylenediaminetetrageetic acid dihydrate, sodiom
citrate and citrate buffer, preferably 0.1% wiv ethylenediaminetetraacetic acid dihydrate; and
0.1% w/v sodium citrate or citrate buffer.

1933] 1o another preferred embodirnent, the nonionic surfactant 18 selected from a polysorbate,
tyloxapol, a poloxamer, a cyclodextrin, vitamin ¥ TPGS and a polyoxyl, preferably polysorbate
80, more preferably 4.0% w/v polysorbate 80.

{031] In another preferred embodiment, opththalmological compositions of the present
invention have a pH of about 4.0 1o abowt 8.0 for tropicamide free compostiions and froro sbout
4.0 to about 6.0 in compositions containing tropicanide and more preferably 5.0 in
compositions, regardiess of tropicamide content,

{832} In certain preferred embodiments, the present invention is directed ophthalmological
compositions for the treatment of presbyopia comprising acechidine, preferably at a concentration
from about 0.25% 1o about 2.0% wiv, a cryoprotectant, preferably a polyol, preferably mannitol
at a concentration from about 1.0% to about 10.0% w/v, more preferably 2.5% wiv, and a
nonionic surfactant, preferably the nonionic surfactant is selected from the group consisting of a
polysorbate, g polyvoxyl casior oil, a polyoxyl siearate, a poloxamer, a polyethylene glyceol, a
polyoxyethylene glycol alkyl ether, tyloxapol and 2-[{10,13-dimethyl-17-{&-methyiheptan-2-y1}-
2,3,477.8 5,11 .12,14,15,16,1 T-dodecabiydro~ 1 H-cyclopentalajphenanthren-3-vloxyiethanol,
more preferably polysorbate 80 or polyoxyl 35 castor oil, more preferably at a conceniration of
about £.5% to about 10.0% wiv, more preferably from about 1.0% to about 7.0% wiv, even more
preferably about 2.5% or 3.5% wiv.

[833] o certain preferred embodiments, the present invention is directed ophthalmological
compaositions for the freatment of presbyopia comprising acecliding, preferably at a concentration
from about 0.25% to about 2.0% w/v, more preferably 1.75% w/v, a crvoprotectant, preferably a
polyol, preferably mannitol at a concentration from about 1.0% to about 10.0% w/v, more

preferably 2.5% wiv, tropicamide, preferably at a concentration from about §.004% 0 abowut
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4.025% wiv, more preferably about 0.005% to about 0.007%, a nonionic surfactant, preferably
polysorbate 80, more preferably at a coucentration of about .5% to about 10.0% w/v, more
preferably from about 2.0% to about 6.0% w/v, even more preferably about 2.5% to about 4.0%
wiv and a viscosity agent, preferably selected from the group consisting of a cellulose derivative,
hyaluronate, a carbomer and a gum, more preferably high molecular weight carboxymethyl
cellulose or carbomer 940, preferably at a concentration from about 1.0% to about 2.0% w/v, and
more preferably about 1.35% to 1.45% w/v and even more preferably about 1.42% wiv, or other
viscosity agent such as hydroxypropyimethyl cellulose, preferably at a concentration from about
1.0% to about 2.0%, and more preferably about about 0.50% to 1.95%, wherein initial viscosity
of the composition prior to instillation in the eye may range from about 25 to about 10,000
centipoise, and more preferably about 100 to about 5,000 centipoise and may be non-Newtonian
and or induce tear secretion resulting in minimal bhur, and or with minimal blur at high shear
(intrablink) vs. low shear (between blinks} after instillation.

16341 In certain preferred embodiments, the present inveution is directed ophthalmological
compositions for the treatment of presbyopia comprising aceclidine, preferably at a concentration
from about 0.25% to about 2.0% w/v, more preferably 1.75% w/v, a cryoprotectant, preferably a
polyol, preferably mannitol at a concentration from about 1.0% to about 10.0% wiv, more
preferably 2.5% w/v, tropicamide, preferably at a concentration from about 0.004% to about
3.025% wiv, more preferably about 0.005% to about $.007%, a nonionic surfactant, preferably
polysorbate 80, more preferably at a concentration of about 0.5% to about 10.0% w/v, more
preferably from about 2.0% to about 6.0% w/v, even more preferably about 2.5% to about 4.0%
w/v, a viscosity agent, preferably selected from the group consisting of a cellulose derivative,
hyaluronate, carbomer 940 and a gum, more preferably high molecular weight carboxymethyl
cellulose or carbomer 940, preferably at a concentration from about 1.0% to about 2.0% w/v, and
more preferably about 1.35% to 1.45% w/v and even more preferably about 1.42% w/v, or other
viscosity agent such as hydroxypropylmethyi cellulose, preferably at a concentration from about
(.5% to about 1,75%, and more preferably about 0.75% or 1.5%, most preferably from about
1.0% to about 1.5%, and most preferably at about 1.05% to 1.25%, wherein initial viscosity of
the composition prior to instillation in the eye may range from about 25 to about 10,000
centipoise, and more preferably about 100 to about 5000 centipoise and may be non-Newtonian

with minimal blur at high shear (intrablink) vs. low shear (between blinks) after instillation, and

10
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a preservative, preferably selected from the group consisiing of benzalkorum chloride ("BAK”),
sorbic acid and oxychloro complex.

6357 In certain other embodiments, the present invention is directed to a method of stabilizing
a comnposition comprising aceclidine comprising storing the composition in a container having a
headspace at a temperature from about 2 degrees Celsius to about 8 degrees Celsius, preferably
at about 5 degrees Celsius,

[336] In certain other embodiments, the compositions of the present invention are {illed juto the
container having a headspace under an inert gas overlay, preferably nitrogen, preferably the
headspace 1s purged with an juert gas overlay, preferably nitrogen.

18377 In certain other embodiments, the present invention is directed {0 a method of stabilizing
a composition comprising acechidine, a viscosity agent, and a nonionic surfactant comprising
storing the coptposition in a container having a headspace at a temperature from about 2 degrees
Celsius to about & degrees Celsius, wherein the composition is filled into the countainer under a
nitrogen overlay and the headspace is purged with nitrogen and wherein the composition
provides a low shear {1/sec) viscosity from about 50 to about 1000 centipoise and a bigh shear
{1:1000/sec) of about 0.5 or less centipoise

[638] In certain other ewbodiments, the container of the present invention comprises a closure
and a vessel wherein a portion of the closure and a poriion of the vessel are sealed with an anti-
feaching material selecied from the group consisting of biaxially-oriented polyethylene
terephihalate, polvietrafluorethylene and alumimum foil, preferably biaxially-oriented
polyethyiene terephthalate.

[{(39] in certain other embodiments, the container of the present invention is disposed in a
second container that is forroed with or lined with an anti-leaching material selected from the
group consisting of biaxially-oriented polyethylene terephthalate, polyvtetrafiuorethylene and
aluminum foil, preferably biaxially-oriented polyethylene terephthalate.

[646]  In certain other erubodiments, the present invention is directed to a method of stabilizing
a composition comprising acechidine comprising storing the composition 1n a container having a
headspace at g termperature from about 22 degrees Celsius to about 25 degrees Celsius, wherein
the container comprises a closure and a vessel wherein a portion of the closure and a portion of
the vessel are sealed with an anti-leaching material selected from the group consisting of

biaxially-oriented polyethylene terephthalate, polyietrafluorsthylene and aluminum foil and/or
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the container is disposed in a second comtainer that 1s formed with or hined with biaxially-
oriented polvethylene terephthalate, polytetraftuorethylene and aluminum foil.

{341] In certain other embodiments, the second container comprises a second closure, wherein
the second closure provides an airtight seal.

{3421 In certain other embodiments, the the airtight seal is resealable.

{3431 In certain other embodiments, aceclidine is at g concentration from about 0.25% to about
4.0% wiv aceclidine.

{344} In ceriain other embodiments, the methods of the present invention provide at least 80%
stability of aceclidine for at least 7 months, at least § months, at least 12 months, ot least 15
months, at least 18 months, at least 20 months or at least 22 months.

3451 In certain other embodiments, the compositions of the present invention further
comprises a viscosity agent, a polysorbate, a cryoprotectant and a preservative,

3461 In certain other embodiments, the viscosity agent provides a viscosity of at least 50
centipoise, at least 100 centipoise, or at least 200 centipoise.

{347} In certain other embodiments, the cryoprotectant is selected from the group consiating of
& apolyol, a sugar, an alcohol, a lower alkanol, a lipophilic selvent, a hydrophilic solvent, g
bulking agent, a solubilizer, a surfactant, an antioxidant, a cyclodextrin, a maltodextrin, collodal
asiticon dioxide, polyvinyl alcohel, Z-methyl-2,4-pentanediol, cellobiose, gelatin, polyethylene
glveol {(PEG), dimethy! sulfoxide (DMSO), formamide, antifrecze protein 752 oy a combination
thereof,

{048] In certain other embodiments, the preservative is selected from the group consisting of
benzalkoniurm chloride, sorbate, an antioxidant and a combination thereof.

{3491 In certain other embodiments, the antioxidant is selected from the group consisting of
sodium ascorbate, sodium bisulfate, sotdum metabisulfite, n-acetyl cysteine or a combination
thereof,

13361 In certain other embodimenis, the present invention is directed to a method of stabilizing
a4 composition comprising aceclidine, hydroxypropylmethyl cellulose, polysorbate 80, mannitol,
sorbate and an antioxidant selected from the group consisting of sodium ascorbate, sodium
bisulfate, soldum metabisulfite, n-acetyl cysteine or a combination thereof comprising storing the

composition in a container having a headspace at a temperature from about 2 degrees Celsius (o
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about § degrees Celsius, wherein the composition is filled into the container under an inert gas
overlay, preferably nitrogen and the headspace is purged with an inert gas, preferably nitrogen.
[651] In certain other embodiments, the aceclidine is st a concentration from about §.25% to
about 4.00% w/v, the hydroxypropyimethyl celiulose is at a concentration from about 0.75% to
about 1.25% w/v, polysorbate 80 is at a concentration from about 2% to about 4% w/v, manmnitol
is at a concentration from about 2% to about 4% w/v, sorbate 15 at a concentration from about
(.10% to about 0.12% w/v and the antioxidant is at a concentration from about (.10% to about
0.25% wiv,
10521 In certain other embodiments the present invention is directed to a container comprising
aceclidine prepared by the process comptising the steps of

ay providing a container;

b} filling the container with a composition comprising aceclidine under an inert gas

overlay, prefereably nitrogen;

¢) purging a headspace created during the filling step b) with an inert gas, preferably

pitrogen;

d} capping the container; and

e) optionally, storing the container at a temperature {from about 2 o about § degrees
Celsius.
10531 In certain other embodiments the present invention is directed to a composition
comprising from about 0.25% to about 4.0% w/v aceclidine and one or more means of stabilizing
the composition selected from the group consisting of filling the coruposition inte a container
under an inert gas overlay, preferably nitrogen and purging a headspace created during filling
with the inert gas overlay, preferably nitrogen, having a total viscosity of the composition of at
least 50 centipoise or more, adding a preservative to the composition selected from the group
consisting of sorbate, benzalkonim chioride, sodium ascorbate, sodinm bisulfate, soidum
metabisuifite, n-acetyl cysteine and a combination thereof,
wherein the composition is stored at a temperature from about 2 to about & degrees Celsisus and
wherein w/v denotes weight by total volume of the cornposition.
(0541 In certain other embodiments, the present invention is directed to a method of treating
presbyopia comprising administering to a subject in need thereof a composition of the present

mvention.
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[855] In certain other embodiments, the present invention is directed to a method of treating
preshyopia comprising administering to a subject in need thereof an ophthalmological
composition of the present invention, wherein near vision acuity of the subject is fmproved by
about 4 lines of resolution or more for at least § hours, where it 15 discovered the addition of a
nonionic surfactant at 0.50% to 10%, and more preferably 1.0% to 6.0%, and still more
preferably at 3.0% to 5.0%; and optionally one or more of the following: increased viscosity
such as in a preferred embodiment about 400 cps using hydroxypropyimethy! cellulose at 1.25%;
and addition of g preservative combination of BAK, sorbate and antioxidant combination of one
or more of EDTA and citrate; thereby further improve one or more of 1) reduced redness; i)
increased lines of near improvement without distance blur; 111} excellent comfort; and iv)
enianced duration.

[8#5%6] In certain other embodiments, the present invention is directed to a method of treating a
refractive error of the eye in a subject in need thereof comprising administering to a subject in
need thereof a pharmaceuntically acceptable amount of a composition of the present invention
wherein the refractive error of the eye is selected from presbyopia, myopia, hyperopia,
astigmatism or a combination thereof

{0571 In certain other embodiments, the present invention is directed to a method of treating &
refractive ervor of the eve comprising administering 1o a patient in need thereof a
pharmaceutically acceptable amount of a composition of the present invention, wherein the size
of the pupil is reduced to from about 1.5 to about 2.5 millimeters, preferably from about 1.7 to
about 2.2 millimeters and wherein the refractive error is selected from the group consisting of a
range of distance corrected vision for mild to moderate hyperopia of 3.0 D or less; mild to
maoderate myopia of -5.0 D or less; regular astigmatism of 3.0 D or less; uncorrected distance
vision for emmetropes of + 0. 50 to -0.50 spheq with regular astigmatism of 0.75 D or less;
corneal irregular astigmatism, an ectasia induced comeal irregularity, a pellucid induced corneal
irregularity, a higher order aberration and a refractive surgery induced higher grder aberration.
10581 The present invention is further divected to a method of increasing the visual depth of
field (i.e. depth of focus) secondary to pupil miosis, comprising administering {o a subject in
need thereof a pharmaceutically effective amount of an ophthalmological composition of the

present invention.
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{0591 The present invention is further directed to a method of reducing the side effects of
ophthalmic aceclhidine administration by moduolating the agonist effect on the ciliary body of the
eye such that ciliary spasm, ciliary induced brow ache, and/or ciliary induced headache are
substantially reduced or eliminated.

{368] The present invention is hurther directed to a method of allowing binocular physiologic
topical presbyopic correction.

10611 The present invention is further directed to a method of eliminating the need for
monocular limitation due to distasce blur, or reduced 1o treatment of wild hyperopes to
counteract induced myopic blur, as typically associated with pilocarpine, or pilocarpine and
alpha agonist combinations.

1862] The present invention is further divected 1o 8 method of improving near vision by
mereasing accommodation without reduction in distance vision sharpness. This is achieved by
simultaneously increasing incremental accommodation, modulated so that while sufficient to
provide additive near vision enhancement, it remains at a rate of induction and total degree of
accomunodation such that the associated myopic blur does not break through the ability of the
simultaneously induced pupil miosis pinhole effect to filter the refractive error and maintain
distance sharpness,

[063] 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 ophithalmological composition of the present
invention in both eves (binocular vision), wherein such binocularity further enhances near vision
beyond that of etther eye separately.

{864} The present invention is further directed to a method of improving vision in a subject
with ametropia (vision abnormality ), comprising administering 1o a subject in need thereof a
pharmaceutically effective amount of a composition of the present invention.

{365] The present invention 1s further directed to a roethod 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 nearsightedness, farsightedness, regular astigmatism, irregular

astigmatism and high degrees of regular astigmatism.
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[066] The present invention is further directed at eliminating optical aberrations induced by
corneal irregularity, opacities, or very high degrees of regular astigmatism that include regions
adjacent or peripheral to the central 1.5 mum optical zone, and thereby inducing improved visual
acuity and quality of vision by filtering out these aberrant optics in those suffering from rregular
astigmatism or high degrees of more regular astigmatism, such as occurs in conditions such as
keratoconus, photorefractive keratectomy induced corneal haze, diffuse lamellar keratitis
(“DLX”) {post-lasik DLK), other iatrogenic corneal induced irregularity such as cataract
incision, glascoma filtering blebs, implanted glancoma valves, corneal inlays with or without
removal, ectasia post comeal surgery {lasik), and secondary to infection.

[867) The present invention is further directed at uproving acuty relative to existing
uneorrected refractive error. Upon this iraproved acuity, patients now requiring toric contact
lenses for astigmatism with reduced comfort and optics that may shift during each blink may 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 lenses or only require
much more comfortable soft contact lenses. Patients with high degrees of astigmatism may now
reguire 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 moderate degrees of hyperopia (farsightedness) may require no correction or reduced
correction.

[068] The present invention is directed to methods and ophthalmological compositions for
fmproving eve sight. In a preferred embodiment the present invention is directed to methods and
ophthalmological compositions for the treatment of presbyopia. In a more preferred embodiment
the present invention is directed to ophthalmological compositions comprising aceclidine.

[369] The present invention is directed to methods of treating uregular astigmatisi,
keratoconic ectasia, and low myopia, or hyperopia, with or without astigmatism, comprising
administering 1o a subject in need thereof an ophthalmological corposition of the present
invention.

[978] The present invention is further directed to a method of stabilizing acechidine comprising
providing a first compostiion comprising about 1.75% w/v aceclidine and about 2.5% w/v
mannitol in a first chamber and a second composition comprising about 0.01% w/v tropicanide,

about 4.0% w/v polysorbate 80, about 1.25% w/v hydroxypropyhmethy! cellulose, about 8.10%
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to 0.12% w/v sorbic acid, about 0.1% w/v ethylenediaminetetraacetic acid dihydrate, about
(.02% w/v benzalkoniwm chloride and about 0.1% w/v sodium citrate or cifrate bufferin a
second chamber, wherein upon mixing the first composition and the second composition the
efficacy of aceclidine is maintained for at least one ronth.
{8711 The present tnvention is Rurther directed to a method of stabilizing aceclidine comprising
storing a composition of the present invention at from 0 degrees Celsius to § degrees Celsius.
16721 The present invention is further directed to a method of inhibiting microbial and fungal
growth comprising the following steps:

providing an ophthalmological composition comprising about 1.75% w/v aceclidine, about

2.5% w/v mannitol, about 0.01% w/v tropicamide, about 4.0% w/v polysorbate 80 and

about 1.25% wiv hydroxypropylmethyl cellulose;

adding from about 0.10% to 0.12% w/v sorbic acid; and

adding one or more of about 0.1% w/v ethylenediaminetetraacetic acid dihydrate and about
(.1% w/v sodium citrate or citrate buffer.

BRIEF DESCRIPTION OF THE FIGURES
{873] Figure 1 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.
{74} Figure 2 is a graphical representation of the effects of addition of non-ionic surfactants
and viscosity agents on near vision acuity and duration of effect. Line-Hours denotes lines
improved times duration of effect,
{8731 Figure 3 is a graphical representation of the Efficacy Index for formulas #1.33-#1.94.
Box color denotes a comfort level of good for white, fair for cross-haiched and poor for black.
[76] Figure 4 15 a graphical representation of percent stability of aceclidine cold storage
compositions at S and 25 degrees Celsius over 30 months.
DETAILED DESCRIPTION OF THE INVENTION

18771 The present invention is divecied 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 a muscarinic agomst that preferentially
activates M1 and M3 muscarinic acetyicholine receptors, preferably activate M1 meore than M3

and most preferably aceclidine or its derivatives. Aceclidine has been surprisingly and
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unexpeetedly discovered to provide enhanced presbyopic reversal with negligible side effects
day or night (when viewing inchudes one or more direct or reflected light sources) using
compositions of the present invention.

6781 Aceclidine is traditionally used as a treatruent for glaucoma. When aceclidine is used to
treat glaucoma it is normally stored in a two-bottle system; oue bottle containing the lyophilized
aceclidine and the second bottle containing the diluent necessary to reconstitute the lyophilized
aceclidine before topical instillation. Romano J.H., Double-blind cross-over comparison of
aceclidine and pilocarpine in open-angle glaucoma, Brit J Oplirhal, Aog 1970, 534(8), 510-521. |
is a further aspect of the present invention to provide an aqueous aceclidine composition that is
stable in combination with cold chain storage. It is yet a further aspect of the present invention
to provide a method of stabilizing aqueous aceclidine by combining effective excipients, pH
ranges and temperature ranges.

{379 The compositions and methods of the present inveuntion freat 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 diro light, produces a particular degree and
duration of miosis without 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
distanice 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 mm at the anterior iris plane and about 2.0 mun at the comeal surface. Not
wishing to be held to particular theory the clinical effect appears to involve both with modulated
increase in accommaodative tone and enhanced pinhole near depth of focus for improved near
vision, estimated to be about -1.25 I¥ or Jess, but restricted in power to remain wihin the range of
pinhole correction for distance, found to be about -1.00 D or less creating a sum increase that
may in some cases create a near vision add of +2.00 B3 or more without distance blur; and with a
reduction or ablation of the redness that is otherwise a hallmark of the use of miotic agents. The
pupil miosis of the present invention with such modulation and restriction of peak
accommodative tone is superior to the pinhole effect of the Kamra® and Flexivue Microlens®

corneal inlays, allowing binocular treatment without peak dimming. Pupil miosts of the present
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invention with modulated accommodation is also superior to inlays because the constriction of
the actual pupil does not result in the attendant severe night vision disturbance caused by the
light écaﬁﬁring borders of the pre-corneal pinholes created by the inlays. Further pupil miosis
provides a greater field of vision and transmission of morve focused light, and in a discovered
optimal pupil range of about 1.5 mm to 2.1 nun using formulation discoveries of the present
invention does so with negligible to mild and very tolerable dimming and enhanced contrast,
distance vision, reduced glare at night, and improved near vision.

{180] The use of aceclidine bas a winimal 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 resulied in only
0.04 mm of anterior chamber shallowing. Aceclidine, particolarly as enhanced for the present
invention, also has greater magnitude, duration, and control of minimum pupil diameter than
conventional pilocarpine with or without alpha agonists, and less anterior chamber inflammation
with chronic use. Corapositions of the present invention achieve these advantages by allowing
both pinhole near vision &epth perception benefit and modest accommodative increase below the
threshold of induced myopic distance blur through the miotic pupil, whereby, not wishing to be
beld to particular theory, it is believed the rate of miosis and the rate of accommodative increase
maintain a synchronous balance in preferred embodiments allowing pinhole correction of
otherwise induced accommaodative blur in prior art applications of miotics for presbyopic
correction. This combination thus is found to avoid the distance blur typically seen in patients as
a response to pilocarpine and/or carbachol induced mwiosis without the formulation discoveries of
the present invention, as well as the excessive accommodative myopia and ciliary spasm
marifested as brow ache or generalized migraine-like headache,

[081] Such conventional formulations of pilocarpine, in order to effect any reasonable duration
of effect, are still restricted to less than or equal to about 4 hours in most cases, as the high ratio
of accommodation to pupillary miosis requires minimal concentrations of pilocarpine of about
1.0% to minimize but not eliminate distance induced myopic biur and ciliary spasm. Further
pilocarpine must be instilled monocularly to ruinimize intolerable distance blur to a still
bothersome 2-3 lines of distance blur. Even instilled monocularly, pilocarpine still may create
bothersome attendant distance blur and must be resiricted to about 1.0%. Upon instillation of

~

1.0% pilocarpine pupil size is about 2.3 mm or larger in most subjects and thereby restricts any
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significant pinhole depth perception benefit as well as any pinhole filtering of induced myopic
rays. The restriction to about 1.0% for these conventional formulations of pilocarpine with the
attendant short duration and still bothersome but reduced distance blur in exametropes or myopes
{somewhat neutralized in low hyperopes) are attempts to prevent extremely strong
accommodation of 5D to 11 D well known 1o occur at higher concentrations of pilocarpine.

0821 Any effects on accommodation may be further reduced or totally eliminated in preferred
embodiments by combining a miotic with a cycloplegic agent in a narrow and particular ratic of
miotic to cycloplegic, where such ratios as discovered for US 2, 089,562, such as about 35:1 for
a preferred embodiment, hecome greatly increased for the present invention in the presence of
cryoprotectant as 1o a factor of about 300% - 700%. Aceclidine is capable of producing the
increased depth of focus by both pupil micsis below 2.3 mm and modest accommodation
described in the present invention, Particularly enhanced miosis occurs with use of compositions
of the present invention. This enhanced miosis makes it possible to use an a-2 agonist at very
low concentrations if desired to reduce mild eve redness. Other cornbinations of inactive
ingredients reduce or effectively eliminate induced reduess without such agonists. Further, due to
the apparent and surprisingly selective nature of aceclidine, and the commercially stable
aceclidine formulation discoveries of the present invention, administration to the eye of
compositions of the present invention result in a net strongly enhanced near vision acuity from
both pupil miotic pinhole effect and moderate modulated ciliary accommodation. These
beneficial effects are accompanied by a filtering pupil effect, which eliminates any distance bhur
from the accommodation, correcting residual refractive error and optical aberrations as may exist
to in many cases improve distance vision as well. Thus, the administration of aceclidine results
in pupil miosis without excessive acconumodation and attendant distance blur. However,
acecliding alone may cause substantial redness and brow ache. Without formulation
enhancement of the present invention such as requiring cycloplegic agent, cryoprotectant or both,
aceclidine may produce either less than optimal pupil miosis at low concentrations or at higher
concentrations require more than desired peak miosis to attain satisfactory duration of greater
than 3-4 hours. However the use of a cycloplegic agent has been found to be highly seusitive to
other inactive ingredients in the forroulation not usually associated with effects on active agents,
and particularly for cryoprotectants as found to be preferred commercially for acechidine reduce

or eliminate the need for this cycloplegic requirement to extremely low concentrations in a
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preferred embodiment, rendering 0.042% sufficienily high whew a eryoproteciant is present {(e.g.
a polyol such as manniiol} to cause substantial loss of efficacy. Further, aceclidine without
formmlation enhancements of the present invention causes dinvrung of vision in dim or absent
Hohting as well as ciliary pain above a reasonably tolerable threshold that may last for an hour or
more and be simtlar to a severe migraine headache.

1083] Certain embodiments of the present invention enhance the discovered preferred degree of
pupiilary miosis by providing a consistent range of effect of about 1.50 — 2.20 wom for most
patients using a preferred embodiment of a nonionic surfactant and viscosity agent. Similar
benefit may be achieved using other permeation enhancers, particularly hydroxypropyimethyl
cellnlose, igh viscosity carboxymethy! celiulose, Carbopol® (polyacrylic acid or carborser), and
various viscosity additives that increase drug residence time, such as xanthan gums, guar gum,
alginate, and other i sify gels well known to experts i the art. [t is well known 1o experis in the
art that the exact concentration of a specific viscosity agent will depend on both the molecular
weight for that agent selected and the concentration, such that for increased molecular weight a
reduced concentration can have the same viscosity. The present invention further prevents nasal
congestion otherwise scourring when substantial acechidine levels reach the nasal mucosa, due to
the rheologic properties of the preferred embodiment.

{884] The combination of aceclidine and a low concentration of a selective a-2 adrenergic
receptor agonist {02 agonist or a-2 adrenergic agonist), such as fadoimidine, brimonidine or
guanfacing, allows for the desired miotic effect with diminished or no redness. The use of low
concentrations of a selective «-2 agomist resulis m substantial reduction of hyperemia with
greatly reduced risk of rebound hyperemia that is found in concentrations of about (.06% wiv or
more. Furthermore, the use of low concentrations of selective «-2 agonist does not adversely
modify the pupil constriction eansed by aceclidine. In contrast, the use of brimonidine 0.20%
wiv, when topically applied for pupil modulation for night vision, resuit in tachyphylaxis of pupil
modulation due to g-2 recepior upregulation in alimost 100% of treated subjects within four
weeks of use.

{085} Unexpectedly, the addition of a eycloplegic agent resalts in reduction of any brow ache
or associated discomtort by further reducing the degree of ciliary spasms on topical instillation
without impairing the mictic response. More unexpectedly and surprisingly, the ratio of 1.40%

acechiding to about 0.040% tropicamide in a preferred embodiment of U.S. Patent No. 9,089,562
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{(35:1) becomes about 1.75% aceclidine to about 0.004% to 0.010% tropicamide (350:1, 175:1
respectively) in the presence of mannitol, where 2.5% provides better effect than 4.0%.

[686] The lack of impairment of the miotic response 15 an unexpected surprising discovery, as
particular cycloplegic agents, such as tropicarnide, have known pupil dilating effects at
concentrations as low as 0.01% w/v {Grilnberger 1. et al,, The pupiilary response test as a method
to differentiate various types of dementia, Neuropsychiaty, 2009, 23(1), pg 57). More
specifically cyeloplegic agents cause pupil mydriasis {i.e. dilation of the radial muscle of the
iris}. Further, the addition of a cycloplegic agent to the miotic agent unexpectedly 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 1n 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 muscudature, In fact, ins
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 mwiosis for the duration of the miotic effect. Additionally and quite
surprisingly, unexpectedly, and beneficially the addition of tropicamide can reduce the degree of
peak puptl miosis without inducing mydriasis 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
limits at the very reduced pupil sizes seen at peak pupil miosis {e.g. 1.25 mm).

{0877 Previously, in US 9,089,562, it was surprisingly found that the addition of at least 0.04%
wiv cycloplegic agent resulted in an abatement of ciliary side effects caused by the
administration of aceclidine {1.40%) to the eve, in a preferred embodiment, but such
formulations are not as constituted sufficiently stable for commercial use, and typically have a
duration of about five to six hours maximumnt.

[088] Several additional discoveries of the present invention allow for commercially stable
aceciidine formulations with enhanced efficacy and duration:

[88%] Equally or more surprising than the synergistic effects of eyloplegics of 0.040% added to
aceclidineg 1.40%, 1s the discovery of the present invention that combination of aceclidine 1.50%
-2.0%, and preferably about 1.73% and a cryoprotectant, preferably a polyol, in a preferred

embodiment mannitol, particularly at (.5% to 4.0% and most preferably about 2.5%, can achieve
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a similar pupil range with reduced or absent ciliary side effects. The cryoprotectant when
combined with aceclidine can then be combined to allow lyvophilization without degradation of
acechdine and simultaneously further reduce or eliminate the need for a cycloplegic agent for the
present invention vs. the teachings of cycloplegic concentration ranges required in US 9,089,562,
Optionally, the addition of a eryoprotectant can therefore also be used to greatly reduce (i.e. no
more than 0.025% w/v cycloplegic agent, preferably 0.004% to 0.015% and most preferably
0.005% o 0.010%) the concentration of cycloplegic required to further elirninate mild, but
potentially bothersome, cillary side effects particularly in younger presbyopes and fusther
modulate pupil miosis over aceclidine and a cryoprotectant combinations alone, reducing and in
most cases eliminating any bothersome peak concentration dimming, as found in preferred
embodiments of the present invention. In preferred embodiments it is discovered that aceclidine
about 1.50% - 2.0% and more preferably 1.75% and mannitol about 0.5% - 4.0% and more
oreferably 2.5% provide optimal concentration combinations for the present invention, that are
necessary but not sufficient for about 3 Hnes of near improvement and 5 or more hours doration
desired for an effective topical presbyopic composition, where additional formulation discoveries
can further enhance the desired clinical near improvement magnitude and duration;

{098 It is surprisingly discovered that adding a viscosity agent to compositions described n a.
above only modestly improves magnitude and duration, bowever when first adding a nonionic
surfactant, such as polyoxyl stearate or polysorbate 80, optimal concentrations are discovered
that provide greatly improved magnitude and duration for the present inveption, to which
viscosity may then provide added duration much more substantially than when added alone. For
polysorbate 80 or polyoxyl 40 stearate concentrations of 1.6% to 10.0%, and more preferably
abaut 2.5% to 5.0% w/v have been found o be beneficial;

691} When formulation irnprovemeuts of a. and b. above are combined, preferred
embodiments such as aceclidine 1.75%, mannitol 2.5%, and polysorbate 84 2.75% result.
Viscosity agents such as high viscosity carboxymethyl cellulose ("CMC”} are surprisingly
discovered to moderately enhance magnitude and greatly enhance duration, unlike with
formulations in a. above alone. High molecnlar weight CMC concentrations of 8.75% to 1.75%,
and most preferably about 1.40%, or hydroxypropyimethyl cellulose ("HPMOC?) at about 0.25%
to 2.0%, more preferably about 0.50% or 1.50%, and most preferably about 1.0% to 1.25%,

when combined result now in about +3 lines of near viston inprovement or greater, at a duration

]
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of 5 — 10 hours, at a mean of about 7 hours or greater vs. pilocarpine 1.0% of about less than 4
hoars:

16921 Mot wishing to be held to particular theory citrate in combination with EDTA as a
preferred embodiment buffer appears to 1) reduce redness; 2) enhance sorbate preservative shelf
life, and in combination of the ghove with BAK $.005% to 0.02% (0.02% preterred) further
enhances near vision lines to abowt 4 lines and duration to about 8 fo 12 howrs.

[893] Additionally 0.5% or 1.5% sodium chioride i3 added in 2 preferred embodiment.
Cptionally, sodium chloride may be substituted with boric acid, preferably at 8.33% or
potassium borate, preferably at 0.47%;

[594] Not wishing to be held to particnlar theory, it appears the addition of nonionic surfactant
at optimized concentration of gbout 2.5% to 5.0% enhances permeation of aceclidine into the
eye, which may relate to optimal micellar size particularly once of micromicallar or nanomiceliar
range. This increased permeation coincides with the desirable increase in magnitude and
duration and absent tropicamide but in the presence of mannito} with slight increases in ciliary
sensation and dimming. Therefore in the presence of the combined formulation enhancements of
a-d. above, where a cycloplegic agent is no longer required for a-d. shove, addition of a nonionic
surfactant at concentrations found to be preferred may be further improved with much lower
concentrations of a cycloplegic agent than those found in US 9.089,562, such as the use of about
0.042% tropicamide with aceclidine 1.40%. For the present invention then preferred
embodiments inchude aceclidine of about 1.75%, manmnitol 2.5%, polysorbate 80 of about 2.5% to
5.0%, CMC of about 1.42%, or HFMC of sbout 1.8% and tropicarnide of about 0.004% -
{.010%, more preferably about 0.005% to 0.007%, and most preferably about 0.005% - 0.006%,.
Micelle formation above the critical micellar concentration may allow for micelles to spread
across the fear filvo surface and spread at low concentrations to cover this surface, while at higher
concentrations these micelles becoming increasingly contracted and “squeezed” along the
surface. Not wishing 1o be held to particular theory, it is believed at an optimal concentration a
minimal micelle diameter is achieved before significant mubtiple lamellae (layering) ocours. Itis
belicved that at the optimal concentration nanomicelles of abowt 100 to 250 nm along the surface
are achieved surrounding the highly charged and hydrophilic aceclidine, facilitating its

penetration through the very Hpophilic epithelium;
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{#85] Not wishing to be held to particular theory the addition of BAK (.02% to sorbate about
0.10%, EDTA about 0.10%, in a preferred composition of aceclidine 1.75%, mannitol 2.5%,
tropicamide 0.01%, and citrate buffer {1 1o 100 mM 3-5 mM preferved) is above the BAK critical
micellar concentration. BAK, being a cationic surfactant, and BAX micelles, ereating an 1onic
micellar gradient with + charge NH4+ quaternary nitrogen bring on the polar heads aggregating
outside and hipophilic alkyl chain on the hydrophobie tails aggregating on the inside may cause
significant similar aceclidine alignment due to its dipole with guaternary NH3 nucleophilic or
NH4 protonated nitrogens oriented along the outside polar heads and more hydrophobic
carbonyls C=0 along hydrophobic BAK micellar tails these preveunting, greatly reducing, or
moderately reducing collisions of any nonionic aceclidine molecules ~ the mucleophiles - which if
oriented in solution such that randomly they collide with another aceclidine carbonyl will result
in chemical conversion of that aceclidine via nucleophilic attack at its targeted carbonyl, which
can recur from such nucleophiles to other aceclidines so oriented repeatedly and cause loss of
stability without such BAK orientation via 0.005% and preferably 0.01% to 0.02% most
preferred micelles. The concentration of such nontonic mucleophiles at a preferred pH in the
preferred embodiment is relatively low, but the ability of these nonionic nucleophiles to
destabilize adjacent aceclidines repeatedly withowt themselves degrading is otherwise high. The
result may be improved potency for | month plus of 2 mixed solution once opened in a dual
chamber bottle and mixing ocours of lyophilized aceclidine/mannitol with the remainder of the
formulation in the diluent and or improved stability sufficient for commercialization in solution,
either at room temperature or via cold chain

[#96] It is discovered that BAK alone does not provide sufficient bacterial and fungal
preservative efficacy but that BAK aund sorbate, or sorbate alone satisfactorily preserve diluent
and or mixed solutions of the invention;

{997} Not to be wishing to be held to particular theory preferred embodiments of the present
invention such as containing 1.25% hydroxypropyl methyl cellulose may have a viscosity of
about 400 cps prior to instillation, vet unlike conventional high viscosity artificial tear
formulations such as Celluvise® at about 400 cps, which may blur vision for 14-20 minutes or
Liquigel® at about 100 cps, which causes similar but slightly reduced blurring causes only about

60 seconds of blur dissipating rapidly with an wntlux of tear secretion; where both a

b
w



WO 2020/076769 PCT/US2019/055116

nonnewtorian reduction i viscosity at high shear {such as about 1/1000 sec during a blink, and
acechdine parasympathetic {rigger of tear secretion as a sialogen may contribute.

098] General miotic agents, such as pilocarpine, carbachol and phospholine diesterase, are
capable of causing pupi] 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 1s not seen with aceclidine. The co-
administration of a cycloplegic agent with aceclidine surprisingly results in an attenuation of this
reduction in distance vision.

10991 Comfort, safety, and efficacy of a preferred embodiment of an ophthalmological
composition of the present invention results from the presence of a nonionic surfactant, such as
cyclodextrin alpha, beta, or gamma chains, preferably 2-hydroxypropyl beta-cyclodextrin
(“HPRCD™), and, sulfobutyl ether derivative of B-cyclodextrin (Captisol®), a polvoxyl alkyl such
as polyoxyl 40 stearate and polyoxyl 35 castor oil, or a poloxamer such as poloxamer 108 and
poloxamer 407, a polysorbate such as polysorbate 80 or Brij® 35(Brij is a registered trademark
of Unigema Americas LLCY; a viscosity enhancing agent, such as carboxymethy! cellulose
{(“CMC™); a tonicity adjustor, such as sodiura chloride; a preservative, such as benzalkonium
chioride and a pH from about 5.0 to abowt 8.0. Further, an increase in the concentration of the
nonionic surfactant may result in reduced redness. Specifically, increasing polysorbate from
(0.10% to 0.50 - 1.0% results in reduced redness. Further, increasing CMC or (Iarbﬁpfﬂ@ 3445
from 0.50% to 1.5% w/v (preferably 1.40 — 1.43% w/v) resulls in enhanced near vision, both
guantitative iroproverment and duration improvement.

{81067 The viscosity of compositions of the present invention comprising a viscosity agent may
be from about 1 to about 10,000 cps prior to topical instillation in the eye. As aresult 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 25 ¢ps at the high shear of blinking, and 50 cps to
200 ¢ps at the low shear between blinks, allowing greater drop retention with less spillage and
less nasolacrimal drainage and systemic absorption upon topical instillation.

Drefinitions

{0101} As used herein, the term “composition” is intended to encompass a product comprising
the specified ingredientis in the specified amounis, as well as any product which results, directly

or indirectly, from a combination of the specified ingredients in the specified amounts.
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[0102] The term “stabilizing”, as used herein, refers (o any process which facilitates and/or
enables an active agent to remain in solution. The term “stabilizing”, as used hevein, also refers
to any means or process which inhibits and/or reduces the tendency of a muscarinic agonist,
inciuding aceclidine, to degrade.

[0183] As used herein, all numerical values relating 1o amounts, weights, and the like, that are
defined as “about” each particular value is plus or nuinus 10%. For example, the phrase “about
5% wiv™” is to be understood as “4.5% to 5.5% w/v.” Therefore, amounts within 10% of the
claimed value are encompassed by the scope of the elaims.

13104} As used herein “% w/v” refers to the percent weight of the total composition.

[105] As used hercin the term “subject” refers but is ﬁoi fumited to a person or other ammal,
[0186] As used herein, the term “container” refers 1o a pharmaceutically acceptable contamner
comprising a chamber suitable to house a liquid drug product. Containers include, for example,
vials, syringes, capsules, and ampoules.

131871 As used herein “headspace” refers to the area within the chamber of the container
between the composition and the cap when the cap is ariented away from the pull of gravity.
[0108] As used herein, the term “cap” or “closure” refers to any article capable of preventing the
covaposition from exiting the container.

{3109} The term muscarinic receptor agonist (“muscarinic agonist”} encompasses agonists that
activate muscaripic acetylcholine receptors (“rouscarivic receptors”), Muscarinic recepiors are
divided into five subtypes named M1-M3. Muscarinic agonists of the present invention inciude
those muscarinic agonists that preferentially activate M1 and M3 receptors over MZ, M4 and MS
receptors {MI/M3 agonists™). MI/M3 agonists include but are not Iimtied to acechidine,
xanomeline, taisacidine, sabcomeline, cevimeline, alvameline, arecoling, milameline, SDZ-210-
086, YM-796, RE-84, CDD-0102A (5-3-ethyl-1,2 4-oxasdiazol-3-yl]-1.4,5,6-
tetrahydropyrimidine hydrocholoride), N-arylurea-substituted 3-morpholine arecolines,
V1I0255-035 (N-[3-ox0-3-[4-(4-pyridiny -1 -piperaziny Hpropyl]-2, 1,3 -benzothiadiazole-4-
sulfonamide), benzylguinolone carboxylic acid (BQCA), WAY-132983, AFB267E (MNGXZ267),
AC-42, AC-260584, chioropyrazines including but vot limited to L-687, 306, L-689-660, 77-LH-
28-1, LY 593039, and any quiniclidine ring with one or more carbon substitutions particularly
that include an ester, sulfur, or 5 or 6 carbon ring structure including with substituted nitrogen{s}

and or oxvgen{s), or any pharmaceutically acceptable salts, esters, analogues, prodrugs or
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derivatives thereof. A preferred M1/M3 agonist is aceclidine. [n a preferred embodiment,
muscarinic agonist of the present invention include those muscarinic sgonist that preferentially
activate M1 and M3 over M2, M4, and MS5; and even more preferably activate M1 over M3, Ina
more preferred embodiment muscarivic agonist of the present invention include those muscarinic
agonists that only activate M.

[0116] The term “aceclidineg” encompasses its salts, esters, analognes, prodrags and derivatives
including, but not limited to, acechidine as a racemic mixnwre, aceclidine {+} enantiomer,
aceclidine () enantiomer, aceclidine analogues, including, but not limited to, highly M1 selective
1,2,5 thiadiazole substituted analogues like those disclosed 1n Ward, 1S, et al,, 1,2,5- Thiadiazole
analogues of aceclidine as poient m1 musearinic agonists, J Med Chem, 1998, Jan. 29, 413},
379-392 and acechidine prodrugs including but not limited to carbarnate esters.

(0111} The term “selective 0-2 adrenergic recepior agonists” or “o-2 agonist” encompasaes all a-
2 adrenergic receptor agonists which have a binding affinity of 900 fold or greater for ¢-2 over
g-~1 adrenergic receptors, or 300 fold or greater for -2a or -2b over u-1 adrenergic receptors.
The term also encompasses pharmaceutically acceptable salts, esters, prodrugs, and other
derivatives of selective g-2 adrenergic recepior agonists,

10112] The term “inert gas” refers to gases that are chemically inert and do not react with other
compounds. Inert gases include, but are not imited to, helium, neon, argon, krypton, xenon,
radon and nitrogen.

1113} The term “low concentrations” or “low-dose” of alpha-2 adrenergic receptor agonisis
refers 1o concentrations from between about §.0001% to about 0.065% wiv; move preferably,
from about §.001% to about 0.035% wiv; even more preferably, from about 0.819% to about
(.035% wiv; and even more preferably, from about 0.03% to about $.033% wiv.

[31314] The term “brimonidine” encompasses, without limitation, brimonidine salts and other
derivatives, and specifically includes, but 18 not hmited to, brimonidine tartrate, 5-bromo-6-(2-
imidazolin-2-yiamino}quinoxaline D-tartrate, and Alphagan®.

[E115) The terms “treating” and “treatment” refer to reversing, alleviating, inhibiting, or slowing
the progress of the disease, disorder, or coudition to which such terms apply, or one or more

symptoms of such disease, disorder, or condition.
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[61316] The term “pharmaceutically acceptable” describes a material that is not biclogically or
otherwise undesirable (1.e. without causing an unaccepiable level of undesivable biological
effects or inferacting in a deleterious manner).

{31371 As used herein, the term “pharmacentically effective amount” refers to an amount
sufficient to effect a desired biological effect, such as a beneficial result, including, without
Hmitation, prevention, diminution, amelioration or elimination of signs or sympioms of a disease
or disorder. Thus, the total amount of each active component of the pharmaceniical composition
or method 1s sufficient to show a meaningful subject benefit. Thus, a "pharmaceutically
effective amount” will depend upon the context in which it is being administered. &
pharmaceutically effective amount may be adnurustered in one or more prophiylactic or
therapeutic administrations.

[#3118] 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 pharmacentically active in vivo.

131191 As used herein “salts” refers to those salts which retain the biological effectiveness and
properties of the parent compounds and which are not biclogically or otherwise harmiul at the
dosage administered. Salts of the compounds of the present inventions may be prepared trom
inorganic or orgamc acids or bases,

131287 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,

[#321} The term “cold chain” refers to storage at temperatures from about 2 to about 8 °C from
manufacture to immediately prior to administration.

[983122] The compounds of the present invention can be used in the form of pharmaceutically
accepiable salts derived from inorganic or organic acids or bases. The phrase "pharmacentically
aceeptable salt” means those salts which are, within the scope of sound medical judgment,
suitable for use in contact with the tissues of humans and lower animals without undue toxicity,
irritation, allergic response and the like and are commensurate with a reasonable benefit/risk

ratio. Pharmaceutically acceptable salts are well-known in the art, For example, S. M. Berge et

al. describe pharmaceutically acceptable salfs 1o detail i J. Phirmaceniical Sdiees 1977, 660

¢f xeq.

S
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131231 The salts can be prepared in sity during the final isolation and purification of the
compounds of the invention or separately by reacting a free base function with a suitable organic
acid. Representative acid addition salis jvclude, but are not limited to acetate, adipate, alginate,
citrate, aspartate, benzoate, benzenesulfonate, bisulfate, butyrate, camphorate, camphorsulfonate,
dighiconate, glycerophosphate, hemisulfate, heptanoate, hexanoate, fumarate, hydrochloride,
hydrobromide, hydroiodide, 2-hydroxyethansuifonate (isothionate), lactate, maleate,
methanesuifonate, nicotinate, Z-naphthalenesuifonate, oxalate, palmitoate, pectinate, persuliate,
3-phenylpropionate, picrate, pivalate, propionate, succinate, tartrate, thiocyanate, phosphate,
giutamate, bicarbonate, p-toluenesuifonate and undecanoate. Also, the basie nifrogen-containing
groups can be guaternized with such agents as lower alkyl halides such as methyl, ethyl, propyl,
and butyi chiorides, bromides and iodides; dialky! suifates like dinsethyl, diethyl, dibutyi and
diamyl sulfates; long chain halides such as decyl, lauryl, myristy} and stearyl chlorides, bromides
and iodides; arvialkyl 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
to form pharmaceutically acceptable acid addition salts include such inorganic acids as
hydrochloric acid, hydrobromic acid, hyaluronic acid, malic acid, sulphuric acid and phosphoric
acid and such organic acids as oxalic acid, malic acid, maleic acid, methanosulfonic acid,
suceinic acid and citric acid.

10124} Basic addition salis can be prepared in situ during the final isolation and purification of
compounds of this invention by reacting a carboxylic acid-containing moiety with a suitable base
such as the hydroxide, carbonate or bicarbonate of a pharmacentically accepiable metal cation or
with anumonia or an organic primary, sceondary or tertiary amine. Pharmaceutically acceptable
salts include, but are not Hmited to, cations based on alkali metals or alkaline earth metals such
as Hthinm, sodivm, potassium, caleium, magnesium and alumirm salts and the like and
noptoxic guaternary ammonia and amine cations including ammonium, tetramethylammonium,
tetracthylammonium, methylammoniam, dimethylammeoniom, triteethylamroonium,
triethylammonium, diethylammonium, and ethylammontum among others. Other representative
orzanic amines useful for the formation of base addition salts inchude cthylenediamine,

ethanolamine, disthanolamine, piperidine, piperazine and the hike.
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10125] The term “ester” as used herein is represented by the formula —OCOAL or —C{OYOA',
where A’ can be alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl, cycloalkynyl, aryl, a
heteroaryl group or other suitable substituent.

Compositions of the Invention

[83126] In one embodiment, the present invention is directed to an ophthalmoloegical composition
comprising aceclidine. In a preferred embodument, acechdine is at a concentration from about
0.25% to about 2.0% w/v, more preferably from about 8.50% to about 1.90% wiv, still more
preferably from about 1.65% to about 1.85% w/v, and most preferably about 1.75% w/iv. As
aceclidine is a tertiary amine with asymmetry, both a + and — optical isomer exist (where in some
studies {+) is more potent and in others it is felt -} may be more potent). For the above
concentrations polarimetry demonstrated an exactly equal ratio of (+) and (-} isomer for these
concentrations. Alfering this ratio could therefore alter this concentration range proportional to a
change in ratio.

1812771 The present invention is further directed to an ophthalmological commposition comprising
a muscarinic agonist, preferably a nonionic surfactant above its critical miceilar concentration for
the composition, and a viscosity enhancing agent; or alternatively an in sity gelling agent. In
preferred embodiments the inttial viscosity of the composition on topical application is above 20
cps, preferably 50 cps, and more preferably above 70 cps at low shear (1/s).

{0128] Cryoprotectants are compounds that either prevent freezing or prevent damage to
compounds during freezing. As used herein, the term “cryoprotectant” or “cryoprotectants™
include lyoprotectants. Cryoprotectants suitable for use in the subject invention include, but are
not limited to, a polyol, a sugar, an alcohol, a lower alkanol, a lipophilic selvent, a hydrophilic
solvent, a bulking agent, a solubilizer, a surfactant, an antioxidant, a cyclodextirin, a
maltodextrin, colloidal silicon dioxide, polyvinyl alcohol, glycine, 2-methyi-2 4-pentanedicl,
cellobiose, gelatin, polyethyiene glycol (PEG), dimethyl sulfoxide (DMSQO), formamide,
antifreeze protein 752 or a combination thereof.

[8128] As used herein the term “polyol” refers to compounds with multiple hydroxyl functional
groups available for organic reactions such as monomeric polyols such as glycerin,
pentaerythritol, ethylene glycol and sucrose. Further, polyols may refer to polymeric polyols
including glycerin, pentaerythritol, ethylene glycol and sucrose reacted with propylene oxide or
ethylene oxide. In a preferred embodiment, polyols are selected from the group consisting of
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mannitol, glycerol, erythritol, lactitol, xylitol, sorbitol, isosorbide, ethylene glveol, propylene
glyeol, maltitol, thretiol, arabitol and ribitel. In a more preferred embodiment, the polyel is
mannitol.

{#138] Supars suitable for use in the present invention as cryoprotectants include, but are not
iimited to, glucose, sucrose, trehalose, laciose, waliose, fructose and dextran.

{3131} In another preferred ersbodiment, alechols inelnde, but are not limited to, methanol
{3132} In one embodiment, the present invention individually excludes each cryoprotectant from
the definition of cryoprotectant.

{3133} Cryoprotectants may be at present in compositions of the present invention at a
concentration from about (.1% to about 99% w/v, preferably from about 1% to about 50% wiv,
rore preferably from about 1% to about 10% wiv.

{8134] As used herein “lower alkanols™ include C1-C6 alkanols. Lower alkanols, suitable for
use in the present invention include, but are not limited to, amyl alcohol, butanol, sec-butanol, t-
butyl aleohol, n-butyl alcohol, ethanol, isobutancd, methanol. isopropanci and propanol.

[#135] Bulking agents suitable for use in the present invention include, but are not mited to,
saccharide, polyvinylpyreolidone, cyclodextrin and trehalose,

13136} Solubilizers suitable for use in the present invention include, but are not limited 1o, cyclic
amide, gentisic acid and cyclodextrins.

{8137} In a preferred embodiment, surfactants suitable for use in the present invention include,
but are not limited to, nononic surfactants, more preferably surfactants with a hydrophilic-
fipophilic balance (“HLB”} value of 1 o 18

{138} In a preferred embodiment, antioxidants suitable for use in the present invention include,
hut are not lmuted to, bisulfite, ascorbic actd, disodium- or {etrasodiom
ethylenediaminetetraacetic acid, citrate, butylated hydroxyanisole ("BHA™), butvlated
hydroxyioinene (“BHT™), a sulfoxylate, propyl gallate, an amine acid containing a thio group,
and a thiol.

{81391 Nontonic surfactants suitable for the present invention inchide cyclodexirins, polyoxyl
allrvls, poloxamers or combinations thereof, and may include in addition combinations with other
nonionic surfactants such as polysorbates, Preferred embodiments inciude polvoxyl 40 stearate
and optionally Poloxamer 108, Poloxamer 188, Foloxamer 447, Polysorbate 20, Polysorbate 86,

@y

ionically charged {e.g. anionic) beta - cyclodexirins with or without a butyrated salt (Captisol™)
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Z-hydroxypropyl beta eyclodextein ("HPECD™), alpha eyclodextrins, gamma cyclodexirins,
Polyoxyl 35 castor oil, and Polvoxyl 40 hydrogenated castor il or combinations thereof,
Further, substitaiion of other nonionic surfactants compatible with ophthaimological use allows
for sinular formulation advaniages, which may included but is not Hrotied to one or more of a
nonionizing surfactant such as poloxamer, poloxamer 103, poloxamer 123, and poloxamer 124,
poloxamer 407, poloxarner 188, and poloxamer 338, any poloxamer analogue or derivative,
polysorbate, polysorbate 20, polysorbate 40, polysorbate 60, polysorbate 80, any polysorbate
analogue or derivative, cyclodexirin, hydroxypropyl-i- cyclodestirin, hydroxypropyl- v-
eyclodextrin, randomly methylated f-cyclodexirin, B-cyclodexinin sulfobutyl ether, v-
cyclodextrin sulfobutyl ether or glucosyl- B- cyclodexinm, any cyclodexinin analogue or
derivative, polvoxyethylene, polyoxypropylene glycoi,v an polysorbate analogue or dertvative,
polyoxyethylene hydrogenated castor oil 60, polyoxyethylene (200}, polyoxypropylens ghycol
(70), polyoxyethylene hydrogenated castor oil, pelyoxyethylene hydrogenated castor oil 60,
polyoxyl, polyoxyl siearate, nonoxynol, octyphenol ethoxylates, nonyl phenol ethoxylates,
eapryols, lawroglyeol, polvethylene glycol (“PEG™), Brif® 35, 78, 98, 700 (polyoxyethylene
glycol 'aikyl ethers), glyceryl laurate, lauryl glucoside, decyl glucoside, or cetyl aleohol; or
witterion surfactants such as palmitoy! camitine, cocamide DEA, cocamide DEA derivatives
cocamidopropyl betaine, or trimethy! glveine betaine, N-2{2-acetamido}-Z-aminoethane sulfonic
acid (ACER), N-Z-acetamido iminodiacetic acid (ADA), N N-bis(2-hydroxyethyi}-2-
aminosthane sulfonic acid (BES), 2-[Bis-(2-hydroxyethyl-amine }F2-hydroxymethyl-propane-
{,3-diol (Bis-Tris}, 3-cyclohexylamine-1-propane sulfonic acid {(CAPS), Z-cyclohexylamino-{-
ethane sulfonic acid {CHES), N,N-bis{2-hydroxyethy)-3-amino-2-hydroxypropane sulfonic acid
(DIPSO)Y, 4-(2-hydroxyethyl)-1-piperazine propane sulfonic acid {EPFS), N-2-
hydroxyethylpiperazine-N'-2-cthane sulfonic acid (HEPES), 2-(N-muorpholino}-ethane sulfonic
acid (MES), 4-(N-maorpholino)-butane sulfonic acid (MOBS), 2-(N-morpholinc}-propane
suifonic acid {MOFPS), 3-morpholing-2-hydroxypropanesutfonic acid (MOPSO), L 4-piperazine-
bis-{ethane sulfonic acid} (PIPES), piperazine-N,N'-bis(2-hydroxypropane sulfonic acid)
{(POPS(0), N-tristhydroxymethyDmethyl-2-aminopropane sulfonic acid {TAPS), N-
fris(hvdroxymethyDmethyl]-3-amino-2-hydroxypropans sulfonic acid {TAPSO), N-
tris{hydroxymethyl) methyi-2-amincethane sulfonic acid {TES), Z-Amino-2-hydroxymethyl-

propane-1,3-diol { Tris}, tyloxapol, Solulan™ C-24 (2-110, 1 3-dimethyl-17-(6-methyiheptan-2-
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v11-2,3,4,7.8,9,11,12,14,15,16,17-dodecahydro- 1 H~cyclopentalaiphenanthren-3-yHoxyethanol}
and Span® 20-80 (sorbitan monolaurate, sorbitan monopalmitate, sorbitan monostearate, and
sorbitan monooleate). In certain embodiments the addition of an anjorie surfactant such as
sodium lauryl sulfate and or sodium ester lauryl sulfate way be preferred. n other embodiments
the addition of polysorbate 80 is preferred. (i addition to the above nonionic surfactants any
nonionic surfactant is suitable for use in the present invention as long as the concentration of the
nonionic surfactant is such that it is above the critical micellar concentration for that non-ionic
surfactant. Preferably, the nonjonic surfactants used in the present invention achieve submicron
diameter micelles, more preferably less than 200 nanometers and more preferably less than 150
nanometers in diameter.

16140} Ophthalmological in situ gels which may be substituted for or added in addition fo one or
more nonionic surfactants include but are not limited to gelatin, carbomers of varions molecular
weights including carbomer 934 P and 974 P, xanthan gums, alginic acid (alginate), guar gums,
locust bean gum, chitosan, pectins and other gelling agents well known to experts in the art.
[0141] 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.

[8142] In such preferred embodiment, polyoxyl 40 stearate is found to enhance the redness
reduction effect preferentially over aqueous sohutions and other nonionic surfactants such as
poloxamer 407, particularly in the presence of an a-2 agonist.

[{6143] In other preferred embodiments, the nonionic surfactant is polysorbate 80 at a
concentration from about 8.5% to about 10% w/v, more preferably from about 1% to about 7%
wiv and even more preferably from about 2% to about 5% w/v, yet more preferably from about
2.5%% to about 4% w/v and most preferably at about 2.5% or 2.75% or 3% or 4% or 5% wiv.
[(144] Viscosity agents suitable for the present invention include, but are not limited to gums
such as guar gum, hydroxypropyl-guar (“hip-guar’), and xanthan gum, alginate, chitosan, gelnite,
hyauluronic acid, dextran, Carbopol® (polyacrylic acid or carbomer) including Carbopol® 900
series including Carbopol® 940 {carbomer 940), Carbopol® 910 (carbomer 910) and Carbopol®
934 {carbomer 934), cellulose derivatives such as carboxymethyl cellulose ("CMC™),
methylcellulose, methyl cellulose 4000, hydroxymethyl cellulose, hydroxypropy! cellulose,
hydroxypropyimethy! cetlulose, hydroxyl propyl methyl cellulose 2906, carboxypropylmethyl

cellnlose, hydroxypropylethyl cellulose, and hydroxysthy! cellulose, polyethylene glycol,
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polyvinyi aleohol, polyvinyl pyrrolidone, gellan, carrageenan, alignic acid, carboxyvinyl
polymer or combinations thereof.

{3145] In a preferred embodiment the viscosity agent will have an equilibration viscosity less
than 100 cps, preferably from about 15 to about 35 cps, and most preferably at about 30 ¢ps. Ina
preferred embodiment the viscosity agent is Carbopol® 940 (carborer 940) al a concentration
from about 0.05% to about 1.5% w/v, preferably from about 0.09% to about 1.0% wiv, more
preferably at 0.09%, 0.25%, 0.5%, 0.75%, 0.9% or 1.0% w/v. In certain combinations it has
been surprisingly discovered nonionic surfactant / viscosily 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
hydroxypropylmethyl cellulose, use of a nonpolysaccharide derivative for viscosity
enhancement, such as polyacrylic acid derivatives (carbomers, carbomer 934 or 940 in preferred
embodiments) may prevent such separation; or alternatively use of a non polyoxyl nonionic
surfactant, such as polysorbate 80 with either a cellulose derivative or noncellulose derivative
viscosity agent may be substituted.

{3146] In another preferred embodiment, the viscosity agent is carboxymethyl cellulose at a
concentration from about 1% to about 2% w/v, more mreferably from 1.35% to about 1.45% wiv
and most preferably 1.42% wiv or 1.40% wiv.

{31477 In another preferred embodiment, the viscosity agent is hydroxypropylmethyl cellulose at
a concentration from about 0.5% to about 1.75%, and more preferably about $.75% or 1.5%, sull
more preferably from about 1.0% to about 1.5%, and most preferably at about 1.25%.

{3148 Not wishing to be held to particularly theory, it appears the quinuclidine nucleus of the
heterocyclic nifrogen on aceclidine is so electron rich it easily aftacks surrounding compounds as
well as tiself.

{#149] It is a discovery of the present invention that several modifications may singly or in
combination be used to enhance cold chain stability storage, including in additiontcina
preferred embodiment aceclidine 1.40% - 1.75%, tropicamide §.025% ~ 0.10% and optionally a
nomoinic surfactant such as polyoxyl 40 stearate 0.5%-10%, preferably 5.5% one or more of
(See Table 1): |

[8158] Acidic pH, preferably less thau 5.5, preferably less than 5.0 and most preferably ata pH

of ebout 4.75;
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[3151] Viscosity agent, preferably at 25C viscosity of about 15-50 cps, and more preferably 20-
45 cps, where a preferred embodiment is carbomer 940 0.09% - 1.5%;

31521 Addition of a crvoprotectant, in a preferved embodiment a polyol, preferably Mannitol
2.5% - 4.0%;

(41531 Addition of a buffer, where acetate or phosphate buffers are preferred, 2-100 mmole
range with 3-5 mmole is preferred; and

(0154} Addition of a preservative, where BAK 0.015% is preferred.

13185} The selective 0-2 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 s desired for sensitive
subjects. Selective o-2 agonists suitable for the present invention have minimal a-1 agonist
activity at low concentrations.  For example, for brimonidine or fadolmidine, 1% to 2% w/v is
cousidered extremely high, 0.5% to 1.0% wiv stiil highly inductive of ¢-1 receptors and toxie for
purposes of the present invention. Furtber, (.10% to 0.5% w/v is still too high and even 0.070%
i 0.10% wiv s associated with a higher than preferred incidence of rebound hyperemia
{however, for dexmedetomidine, its greater Hpophilicity and intraocular penetration reduces
rebound risk in this range). Only 0.065% w/v or below is potentially acceptable, where for most
a-2 agonists, depending on degree of selectivity 0.050% wiv or even more preferably 0.035%
wiv or less is desired. On the other hand some degree of useful activity may cccur at one or
more orders of magnitude further reduction of concentration. The preferred embodiments,
brimonidine, fadolmidine and guanfacive, of the present invention preferentially stimulate o-2
adrenergic receptors, and even more preferably a-2b adrenergic receptors so that -1 adrenergic
receptors are not stimulated sufficiently enough to cause excessive large vessel arterinlar
constriction and vasoconstrictive ischemia. In addition, it has been discovered that preventing or
reducing redness for drugs that otherwise directly induce reduess, such as the acetyicholine
agonist, aceclidine, enhances compliance for sensitive subjects that may have induced redness or
nasal congestion even with formulations of the present invention that do pot include an o-2
agonist. However, because o-2 agonists are shifted to their ionized equilibrium an acidic pH 15
somewhat offeet by the fact such agonists exeri greater affect at nevtral or alkaline phl. Therefore
each ¢-2 agonist has a preferred pH range depending on its lipophilicity and pKa value when

added 1o the inventive compositions with aceclidine. For the present invention while pH range of
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5.0 10 8.0 is tolerated, preferved embodiments are at pH 5.5 to 7.5 and more preferably 6.5 to 7.0
Further, it has been discovered that cyclodextring and/or polyoxy! 40 stearate as a nonlonic
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 poloxamer 407. The a-2 agonist may
optionally be applied separately or in certain preferred emnbodiments with formulations of the
present invention that do not include an 0-2 agonist, such as those formulas with polyoxyl 40
stearate 5.5% w/v as the non-ionic surfactant, although the a-2 agouist is not required except for
occasional sensitive subjects. Fadolmidine represents the o-2 agonist with highest hydrophilicity
and therefore high surface retention for the present invention. Guanfacine is also highly
selective and hydrophilic. Brimonidine is highly selective with moderate lipophilicity. Finally,
dexmedetomidine has high selectivity with high lipophilicity that may be used with less efficacy
for reducing redness for the purposes of the present invention (although possibly inducing
fatigue as a side effect in some patients). In a preferred embodiment using polyoxyl 40 stearate
5.5% wiv: CMC 0.80% wiv; NaCl 0.037% w/v; ethylenediaminetetraacetic acid ("EDTA”)
0.015% w/v, borate buffer 5 mM and BAK 0.007% w/v results in reduess of about 1.0 10 1.5 out
of 4 which is transient lasting about ten mimutes, and by 30 minutes returns to about baseline.
{#156] In one embodiment, the selective -2 adrenergic receptor agonist is a compound which
has binding affinity of about 900 fold or greater, even more preferably about 1000 fold or
greater, and most preferably, about 1500 fold or greater.

10157} The selective a-2 adrenergic receptor agonist may be present at a concentration from
hetween about 0.0001% to about 0.063% wiv; more preferably, from about 0.001% to abowt
0.035% wiv; even more preferably, from about 8.01% to about 0.035% w/v; and even more
preferably, from about 0.020% to about 8.035% wiv.

[0158] In one embodiment, the selective -2 adrenergic receptor is selected from the group
consisting of brimonidine, guanfacine, fadolridine, dexmedetomidine, (H)-{8}-4-[1-(2,3-
dimethyl-phenyl-ethyi]-1,3-dihydro-imidazole-2-thione, 1-[(imidazolidin-2-yDiminolindazole,
and mixtures of these compounds. Analogues of these compounds that function as highly
selective o2 agonists may also be used in compositions and methods of the present invention.
16159} In 2 more preferred embodiment, the selective a-2 agonist is selected from the group
consiating of fadolmidine, goanfacine and brimonidine. In a yet more preferred embodiment the

sclective a-2 agonist is brimonidine in the form of a salf at a concentration of (.025% to 0.065%
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wiv, more preferably from 0.03% to 0.035% wi/v, In a preferred embodirnent, the saitis a
tartrate salt.
[8166] In another yet more preferred embodiment, the selective a-2 agonist 1s fadolmidine at g
concentration from about 0.005% to about 0.05% w/v, more preferably from 0.02% 0 about
$.035% wiv in the form of a hydrochloride ("HCP") salt.
{3161] In another vet more preferred embodiment, the selective -2 agomist is guanfscine at a
concentration from about 0.005% to about 8.05% w/v, more preferably from 0.02% to abowt
0.035% wiv in the form of an HCI salt.
{3162} In another vet more preferred embodiment, the selective o-2 agonist is dexmedetomidine
at a concentration from gbout 8.005% to about 0.05% wiv, more preferably from §.04% to about
0.05% w/v in the form of an HC! salt.
{3163} In another preferred embodiment a pH less than physiclogic pH ts found to enhance the
whitening effect for brimonidine, preferably pH 4.5 t0 6.5, and more preferably pH 5.5 10 6.0,
However, redness reduction is achicved at all pHs, and enbhancement of aceclhidine absorption
occurs at alkaline pH, such that more effect cccurs from a given conceniration, and therefore
while effective at pH ranges from 4.5 t0 8.0, pH range of 6.5 to 7.5 1s preferred for the present
invention, and 7.0 to 7.5 most preferred.
[3164] The present invention is further directed to an oplihalmological composition further
comprising a cycloplegic agent. 1t is a surprising and totally unexpected discovery of the present
invention that certain cycloplegic agents can be combined with miotic agents, particularly for the
present invention, aceclidine, without reducing mictic onset, magnitude, or duration; and {urther
blunt the normally attendant spike in voiotic effect coinciding with time of peak absorption in
agueous formulations to provide a constarnt miosis versus time after onset from 15 to 30 minutes
0 6 to 10 hours depending on the desired formulation.  The addition of the cycloplegic agent
also reduces any residual associated discomfort that may otherwise occur soon after topical
instillation, which presumably is a resnlt of ciliary spasms ot excessive pupillary miosis.
[3165] Cycloplegic agents suitable for the present invention inchude, but are not limited to,
atropine, Cyclogyl® (cyclopentolate hydrochioride), hyoscine, pirenzepine, tropicamide, aropine,
4-diphenylacetoxy-N-methylpiperidine methobromide (4-DAMP), AF-DX 384, methoctraming,
iripitramine, darifenacin, solifenacin (Vesicare), toltercdine, oxybutynin, ipratropium,

oxitropium, totropium (Spriva), and otenzepad {a.ka. AF-DX 16 or 11-{}Z-
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{(diethylamino ymethyl}-1-piperidinyliacetyl]-5,1 1 -dilyydro-6H-pyrido[2,3b]{ 1 4 Jbenzodiazepine-
6-one). In a preferred embodiment the eycloplegic agent is tropicamide at a concentration from
about 0.004% to about 0, 025% w/v, more preferably from about 0.005% to about 0.015% wiv
and still more preferably from about 0.005% to about 0.011% w/v, frora about 0.005% to about
0.007% wiv and from about 8.005% to about .006% w/v. In another preferredemhadimen‘t 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 about §.002% to about 0.05%
wiv.

(8166} In a preferred embodiment, tropicamide 0.01% w/v was found to slightly reduce brow
ache, 0.030% wiv to further reduce brow ache and from 0.04% 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
sensitivity of effect, where at about 0.04% w/v 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 .044% w/v in a preferred embodirent with no cveloplegia (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 miosis seen in aqueous formulations to create a
smooth consistent miotic effect over time. It allowed modulation of peak pupil miosis to achieve
a more even effect over time with no dilation as has been found with s prior use. Specifically,
tropicamide is nseful to prevent transient constriction below 1.50 mm at 30 to 60 minutes
following aceclidine in some embodiments and to reduce transient excessive and undesirable
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, 5% w/v HPPCD, 0.75% wiv
CMC, 0.25% w/v Na(l, 0.01% w/v BAK and a phosphate buffer at pH 7.0; or 1.45% wiv
aceclidine; 5.5% w/v polyvoxyl 40 stearate; 0.80% w/iv CMC; 0.037% w/iv NaCl; 0.015% wiv
EDTA; 0.007% w/v BAK and SmM phosphate buffer at a pH 7.0; was varied from 0.040% w/v
tropicamide, where moderate dimming was noted, to 0.044% w/v tropicamide where dimming
became almost undetectable other than in extremely dim light conditions. This additional pupil
size modulation with a cycloplegic agent allows aceclidine concentrations sufficient for

prolonged effect while blunting the attendant peak excessive counstriction that is undesirable as

Lo
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well as any uncomfortable brow ache. Surprisingly and due (o its short-acting nature,
tropicamide achieves this blunting effect without causing mydriasis. Further, in a preferred
embodiment, troptcamude 0.014% w/v was found to reduce brow ache, 0.021% w/v to further
reduce brow ache and from §.028% to 0.060% wiv and in some embodiments up to 0.05% w/iv to
completely eliminate brow ache without cycloplegia {i.e. paralysis of ciliary muscle of the eye).
{3167] 1t has been found for a racemic 30:50 mbdture of {+) and {-) aceclidine optical isomers
{where in some studies (+) is more potent and in others i 18 folt {-) may be more potent)
tropicamide effects may vary depending on the ratio of aceclidine to tropicamide. For example,
inan ophthalmological composition of the present invention comprising 1.55% w/v aceclidine,
5.5% w/v HPBCD or in a preferred embodiment polyoxyl 40 stearate, 0.75% wiv CMC (1%
2,500 centipoise}, 0.25% wiv NaCl, and (.01% w/v BAK and at pH 7.5, 0.042% w/v tropicamide
can be differentiated from even §.035% wiv, with the former demonstrating normal indoor night
vision and the latter slight dimming that becomes more noticeable at siill lower concentrations.
At higher concentrations, such as from about 0.075% to about 0.090% wiv tropicamide, loss of
optimal range pupil constriction 1.50 mm to 1.80 rmun range begivs, and fravk mydnasie at higher
concentrations begins to occur. As isomer ratio may alter the effective concentration, this must
be factored into the clinical efficacy anticipated using acechiding; for preferred embodiments of
the present juvention a polarimeter was used to determine an exact 5{:30 isomer ratio was used
(personal commumication Toronte Research Chemicals).

{8168] FIG. | shows the effect of 2 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 eyve of 1% wiv
pilocarpine in saline solution resulis in an improvement of near vision to 20.40 (8a), however
this improvement comes at the expense of a reduction m distance vision to 20.100 (8b). The
addition of 0.015% wiv tropicamide results in an unprovement of near vision to 2025 {(9a)and a
lessening of the reduction of distance vision to 20,55 (9b), though in certain instances with soroe
induced irregular astigmatism {mildly blotched areas in reading field of vision). Topical
administration of 1.55% w/v acechidine in saline solution results in an improvement of near
vision 0 20.40 for an extended time period of 6 hirs (10a) without any effect on the baseline
distence vision {10b). 10c and 10d show the effects of admirdsiering aceclidine in a carrier

composed of 5.3% w/v 2-hydroxypropyl] beta cyclodextrin, 8.753% w/v CMC (1% = 2,500
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centipoise), (.25% wiv MaCl, and 0.01% wiv BAKL. As seen in 10c the carrier increases the
beneficial effect of aceclidine resulting in better than 20.20 near vision, As seen in 10d a similar
increase in distance vision cccurs. 10e and 10f show the effects of adding 8.042% wiv
tropicamide to the aceclidine 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 siroilar improvement is seen in
distance vision. Taken together, FIG. 1 shows that aceclidive is capable of tewporanily
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 addiion of a
cycloplegic agent such as tropicamide. A proper drug carvier can also have a beneficial effect.
{4169} The present invention is further directed to an ophthalinological composition further
comprising a tonicity adjustor and a preservative.

{3376} A tonicity adjustor can be, without limitation, a salt such as sodium chloride ("Nafll”),
potassiun chloride, manmitol or glycerin, or another pharmaceutically or ophthalmologically
aceeptable tonicity adjustor, In certain embodiments the tonicity adjustor is 8.037% w/v NaCl,
3171} Preservatives that can be used with the present invention include, bt are not limited to,
henzalkontom chioride (“BAK™), sorbic acid, oxychloroe complex, citric acid, chiorobutanol,
thimerosal, phenvimercuric acetate, disodium ethylenediaminetetraacetic acid, phenyimercuric
nitrate, perborate or benzyl alcohol. In a preferred embodiment the preservative is BAK, sorbic
acid, oxychlore complex or a combination thereof. In a yet more preferred embodiment BAK is
at a concentration of about 0.001% to abowt 1.0% w/v, more preferably at a concentration of
about (.007%, 0.01% or 0.02% w/v. In another preferred embodiment the preservative is
perborate at a concentration of 0.01% to about 1.0% w/v, more preferably at a concentration of
about 0.02% wiv,

(3172} Various buffers and means for adjusting pH can be used to prepare ophthalmological
compositions of the invention. Such buffers include, but are not lirpited to, acetate bufters, citrate
buffers, phosphate buffers and boraie buffers. It is understood that acids or bases can be used to
adjust the pH of the composition as needed, preferably of 1 to 10 mM concentration, and more
preferably abowt 3 mM or 5 mM. In a preferred embodiment the pH is from about 4.0 1o about
8.0, in a more preferred embodiment the pH i from about 5.0 to about 7.0

[0173] 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
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are not limited 1o disodium ethylenediaminetetraacetic acid at a concentration from about
0.005% to about 0.50% w/v, citrate at a concentration from about 0.01% to about 0.3% wiw,
dicalcium diethylenetriamine pentaacetic acid (“Ca2DTPA”) at a concentration from about
0.001% to about (.2% w/v, preferably about 0.01% w/v Ca2DTPA which can be formulated by
adding 0.0084% w/v Ca(OH), and 0.0032% w/v 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 knowa to experts in the art such as
ethylenediaminetetraacetic acid at a concentration from about 0.0001% to about 0.015% wiv.
{(174] It is a surprising and unexpected discovery that topical formulations of the present
invention, particularly one of the preferred embodiments comprising aceclidine 1.35% to 1.55%
wiv; 5.5% wiv polyoxyl 40 stearate; 0.80% wiv CMC; 0.037% w/v NaCl; 0.015% wiv EDTA;
0.007% w/v 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 countact lenses coated with
film requiring removal and cleaning or replacement {see Example 7).
[0175] In preferred embodiments, an ophthalmelogical composition of the present invention
comprises aceclidine, a cryoprotectant, optionally a cycloplegic agent, a nonionic surfactant at a
concentration frora about 1% to about 3% w/v and a viscosily agent at a concentration of about
0.75% to about 1.6% wiv, preferably about 1.25% to about 1.5% wiv.
10176} The following representative embodiments are provided solely for illustrative purposes
and are not meant to Himit the invention in any way.

REPRESENTATIVE EMBODIMENTS
{8177} In one embodiment, the ophthalmological composition comprises:
aceclidine at a concentration of about 1.75%w/v; and
mannitol at 2 concentration of about 2.5% wiv.
{6178} In another embodiment, the ophthalmological composition comprises:
aceclidine at a concentration of about 1.75%w/v;
mannitol at a concentration of about 2.5% w/v; and
tropicamide at a concentration of about 0.02% w/iv.

{(3179] In another embodiment, the ophthalmelogical composition comprises:
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aceclidine at a concentration of about 1.75%w/v;

mannitol at a concentration of about 2.5% wiv;

polysorbate 80 at a concentration of about 5.0% wiv;

carboxymethyi celiulose at a concentration of about 1.4% wiv;

BAK at a concentration of about 0.015% w/v: and

phosphate buffer at a concentration of about 3 b,

wherein the pH is about 5.

[6180] In another embodiment, the ophthalmological composition comprises:
acechidine at a concentration of about 1.75%w/v;

manuitel at a concentration of about 2.5% w/v;

polysarbate 80 at a concentration of about (.5% wiv;

Na(l at a concentration from about 0.10% to about 0.50% wiv;

Carbopol® 940 at a concentration of about 8.95% wiv;

BAK at a concentraiion of abowt 0.01% w/v; and

phosphate buffer at a concentration of about 3 m,

wherein the pH is about 5.

{3181} In another embodiment, the ophthalmological composition comprises:
aceclidine at a concerdration of about 1.75%wiv;

mannitol at a concentration of about 2.5% w/v;

polysorbate 80 st a concentration of about 2.0% w/v;

NaCl at a concentration of about .50% w/v

Carbopol® 940 at a concentration of about 1.5% wiv;

BAK at a concentration of about 0.015% w/v; and

phosphate buffer at a concentration of about 3 md,

wherein the pH is about 5.25.

{3182} In another embodiment, the ophthalmological composition comprises:
aceclidine at & concentration of about 1.75%wiv;

mannitol at a concentration of about 2.5% w/iv;

polysorbate 80 at a concentration of about (.25% w/v;

Na(Ci at a concentration of about 0.1% w/v;

borie acid at a concentration of about $.12% wiv;

43



WO 2020/076769 PCT/US2019/055116

Carbopol® 940 at a concentration of about 0.95% w/v; and

BAK at a concentration of about 8.015% w/iv;

wherein the pH is about 5.

{31831 In another embodiment, the ophthalmological composition comprises:
aceclidine at a concentration of about 1.75%w/v;
mannitol at a concentration of about 2.5% w/v; f
polysorbate 80 at a concentration of about 8.50% w/v;

MNaCl at a concentration of about 0.05% wiv;

boric acid at a concentration of about 0.2% w/v;

Carbopol® 940 at a concentration of about .95% w/v;

BAK at a concentration of about 0.01% w/v; and

phosphate buffer at a concentration of about 3 M,

wherein the pH is about 3.

{3184} In another embodiment, the ophthalmological compesition comprises:
aceclidine at a concentiration of about 1.753%w/v;

mannitol at a concentration of about 2.53% w/v;

polysorbate 80 at a concentration of about 8.1% w/v;

boric acid at a conceniration of about 0.2% w/v;

Carbopol® 940 at a concentration of about 0.9% w/v;

BAK at a conceniration of about 0.05% w/v; and

phosphate buffer at a concentration of about 3 mbd,

wherein the pH is about 5.

101831 In another embodiment, the ophthalmological composition comprises:
aceclidine at a conceniration of about 1.75%w/v;

mannitol at a concentration of about 2.5% w/v;

polysorbate 80 at a concentration of about 8.1% wiv;

NaCl at a concentration of about 9.1% w/v;

boric acid at a concentration of about 8.12% w/v;

Carbopol® 940 at a concentration of about 0.95% w/v;

BAK at a concentration of about 0.01% w/v; and

phosphate buffer at a concentration of about 3 mM,
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wherein the pH 15 about 5.

{8186} In another embodiment, the ophthalmological composition comprises:
aceclidine at a concentration of about 1.75% wiv;

tropicamide at a concentration of about 0.01% w/v;

mannitol at a concentration of about 2.5% w/iv;

polysorbate 80 at a concentration of about 5.0% w/v;

CMC at a concentration of about 1.4% wiv;

BAK at a concentration of about 0.015% w/v; and

phosphate buffer at a concentration of about 3 mM,

wherein the pH is about 5.

{4187} In another embodiment, the ophthalmological composition comprises:
aceclidine at a concentration of about 1.75%w/v;

tropicamide at a concentration of about 8.02% w/v;

mannitol at a concentration of about 2.5% wiv;

polysorbate 80 at a concentration of about 8.25% wiv;

NaCl at a concentration of about §.1% w/v;

boric acid at a concentration of about 0.12% wiv;

Carbopol® 940 at a concentration of about 0.95% w/v; and

BAK at a concentration of about 0.01% wiv.

wherein the pH is about 5.

{8188} In another embodiment, the ophthalmological composition comprises:
aceclidine at a concentration of about 1.75%w/v;

tropicamide at a concentration of about 0.015% w/v;

mannitol at a concentration of about 2.5% w/v;

polysorbate 80 at a concentration of about 0.75% w/v;

NaCl at a conceniration of about 0.05% w/v;

boric acid at a concentration of about (.2% w/v;

Carbopol® 940 at a concentration of about 0.95% w/v;

BAK at a concentration of about 0.81% w/v; and

phosphate buffer at a concentration of about 3 mM.

wherein the pH is about 5.
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3189} n another embodiment, the ophthalmological composition comprises:
aceclidine at a conceniration of about 1.75%w/v;
tropicarnide at a concentration of about §.025% w/v;
mannitol at a concentration of about 2.5% wiv;
polysorbate 80 at a concentration of about 0.1% wiv;

boric acid at a concentration of about 0.2% wiv,

Carbopol® 940 at a concentration of about 0.9% w/v;

BAX at a concentration of about 0.05% w/v; and

phosphate buffer at a concentration of about 3 raM.

wherein the pH is about 5.

[8190] In another ernbodiment, the ophthalmological composition comprises:
aceclidine at a concentration of about 1.75%w/v;

tropicamide at a conceniration of about 0.02% wiv;

manpiiol af a concentration of about 2.5% wiv;

polysorbate 80 at a concentration of about 0.1% w/iv;

NaCl at a concentration of about 0.1% wiv;

boric acid at a concentration of about §.12% w/v;

Carbopol® 940 at a concentration of about 0.95% wiv;

BAK at a concentration of about .01% w/v; and

phosphate buffer at a concentration of about 3 mM.

wherein the pH is about 5.

{11911 In another embodiment, the ophthalmological composition comprises:
acechidine at & concentration of about 1.75% wiv;

tropicamide at a concentration of about 0.040% wiv;

polyoxyl 40 stearate at a concentration of about 5.0% w/v;

mannitol at cemration of about 2.5% w/v;

acetate or phosphate buffer at a concentration of about 3.0 mb; and

BAK at a concentration of about §0.01% wiv,

wherein said composition has a pH of about 4.75.

161921 In another embodiment, the oph'thainmlogicai COmMPOSition comprises:

accclidine at a concentration of about 1.55% w

46



WO 2020/076769 : PCT/US2019/055116

tropicamide at a concentration of about $.040% wiv;

polyoxyl 40 stearate at a concentration of about 5.0% w/v;

citric acid monchydrate at a concentration of about 8.1% w/v,

mannitol at a concentration of about 4.0% w/v;

Carbopol® 940 at a concentration of 0.09% w/v; and

acetate or phosphate buffer at a concentration of about 3.0 mM;

wherein said composition has a pH of about 5.0

[0193] In another embodiment, the ophthalmological composition comprises:
aceclidine at a concentration of about 1.50% w/v;

tropicamide at a concentration of about 0.042% wiv;

polyoxyl 40 stearate at a concentration of about 5.5% wiv;

mannitol at a concentration of about 2.5% wiv;

phosphate buffer at a concentration of about 3.0 mM;

Carbopol® 940 at a concentration of about 0.85% w/v; and

BAK at a concentration of about 8.01% wiv,

wherein said composition has a pH of about 4.75.

(0194} In another embodiment, the ophthalmological composition comprises:
aceclidine at a concentration of about 1.45% wiv;

tropicamide at a concentration of about .042% wiv;

polyoxyl 40 stearate at a concentration of about 5.5% w/v;

citric acid monchydrate at a concentration of about 0.1% w/v;

acetate buffer at a concentration of about 3.0 mM; and

Carbopol® 940 at a concentration of about 0.75% wiv,

wherein said composition has a pH of about 4.75.

{8195} In another embodiment, the ophthalmological composition comprises:
aceclidine at a concentration of about 1.45% wiv;

tropicarnide at a concentration of about $.042% w/v;

/
/

polyoxyl 40 stearate at a concentration of about 5.5% wiv,
manuitol at a concentration of about 2.0% wiv;
citric acid monohydrate at a conceniration of about 8.1% w/v;

phosphate buffer at a concentration of about 3.0 mM; and
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Carbopol® 940 at a concentration of about 1.0% wiv,

wherein said composition has a pH of about 4.75.

(0196} In another embodiment, the ophthalmological composition comprises:
about 1.75% w/v aceclidine;

about 2.5% w/v mannitol;

about 2.75% wiv polysorbate 80; and

about 1.25%:; 1.0% - 1.80% w/v hydroxypropylmethyl cellulose {depending on its melecular
weight).

101971 In another embodiment, the ophthalmological composition comprises:
about 1.75% w/v aceclidine;

about 0.003% to about 0.011% tropicamude;

about 2.5% w/v mannitol;

abont 2.75% wiv polysorbate 80; and

about 1.25%; 1.0% -~ 1.80% w/v hydroxypropylmethyl cellulose (depending on is molecular
weight),

[¢198] In another embodiment, the ophthalmological composition comprises:
about 1,75% w/v acecliding;

about 0.010% w/v tropicamide;

about 2.5% w/v mannitol;

about 5.0% w/v polysorbate 80;

about 1.40% w/v carboxymethy! cellulose high viscosity;

about 3 mM phosphate buffer; and

about 0.010% BAK = as preservative,

with a pH of about 5.0.

{6199} In another embodiment, the ophthalmological composition comprises:
about 1.75% w/v aceclidine;

about .006% w/v tropicamide;

about 2.3% w/v mannitol;

about 2.5% w/v polysorbate 80;

about 1.25%; 1.0% - 1.80% w/v hydroxypropylmethyl cellulose {depending on its molecular

weight};
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about 3 mM phosphate buffer; and

about $.020% BAK = as preservative,

with a pH of about 5.0.

(02067 In another embodiment, the ophthalmological cornposition comprises:

about 1.75% w/v aceclidine;

about 0.006% w/v tropicaraide;

avout 2.5% w/v mannitol;

about 2.5% w/v polysorbate 80;

about 1.25%; 1.0% - 1.80% w/v hydroxypropyimethyl cellulose (depending on its molecular

weight);

about 3 mM phosphate buffer;

about §.50% w/iv Nall; and

abont 0.020% BAK = as preservative,

with a pH of about 5.0

{6261} In another embodiment, the ophthalmological composition cotnprises:

about 1.75% wiv acecliding;

about 2.5% w/v mannitol

about 3.5% w/v polysorbate 80;

about 1.25%; 1.0% - 1.80% w/v hydroxypropyimethyl cellulose (depending on its molecular

weight);

about 3 mM phosphate butier;

about 0.530% w/v NaCl; and

about 0.020% BAX or 0.15% sorbic acid as preservative,

with a pH of about 5.0,

13202 In another embodiment, the ophthalmological composition comprises:

about 1.75% w/v aceclidine;

about 2.53% wiv manniich

about 3.5% wiv polysorbate §80; and

about 1.25%: 1.0% - 1.80% w/v hydroxypropyimethy] cellulose {depending on its molecular
veight);

In another embodiment, the ophthalmological cornpostiion comprises:
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about 1.75% w/v aceclidine;
about 2.5% w/v mannitol;
about 3.5% w/v polysorbate 80;
about 1.25%; 1.0% - 1.80% w/v hydroxypropyvimethyl cellulose (depending on its molecular
weight); and

one or more excipient selected from the group consisting of about 8.50 % w/v sodium chioride,
about 0.02% w/v benzalkonium chloride, about 0.10% w/v sorbate, about 0.01% w/v
ethylenediaminetetraacetic actd (EDTA) and 0.10% wiv cifric acid.

10263} In another embodiment, the ophthalmological composition comprises:

about 1.75% w/v aceclidine;

about 2.5% w/v mannitol;

about 0.01% w/v tropicamide;

about 0.1% w/v sodium citrate, anhydrous;

about 0.02% wiv benzalkoniom chloride;

about 0.12% w/v sorbic acid; /

about 0.1% w/v disodium edetate dihydrate;

about 4.0% w/v polysorbate 80; and

about 1.25% w/v hydroxypropyhmethyl cellulose,

wherein the pH s about 5.0,

{(204] In another embodiment, the ophthalmological composition comprises:

about 1.75% w/v aceclidine:

about 2.5% w/v mannitol;

about 0.01% w/v tropicamide;

about 0.1% w/v sodium citrate, anhydrous;

about 0.02% w/v benzalkonium chloride;

about (.1% w/v sorbic acid;

about 0.1% w/v EDTA;

about 3.5% w/v polysorbate &(; and

about 1.25%; 1.0% - 2.25% w/v hydroxypropyimethyl cellnlose {depending on its molecular
weight),

wherein the pH is about 5.0,
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[8205] In another exnbodiment, the ophthalmological compostition comprises:
about 1.75% w/v aceclidine;

about 2.5% w/v mannitol;

about 0.01% w/v tropicamide;

about 3mM phosphate buffer;

about 0.02% w/v benzalkonium chlonde;

about $.1% w/v sorbic acid;

about 0.1% w/v citrate;

about 3.5% w/v polysorbate §0; and

about 1.25%; 0.25% - 2.25% w/v hydroxypropyimethyl cellulose {depending on its molecular
weight):

wherein the pH is about 5.0,

[0206] In another embodiment, the ophthalmological composition comprises:
aceclidine at a concentration of 1.5% w/v, manntiol af a concentration of 2.5% wiv.

LY
[6287] In another embodiment, the ophthalmological composition comprises:

aceclidine at a concentration of 1.55% w/v, mamnito] at a concemtration of 2.5% wiv.

{8208] In another embodiment, the ophthalmological composition comprises:

acechidine at a concentration of 1.6% w/v, manntiol at a concentration of 2.5% w/iv.

{6209] In another embodiment, the ophthalmological composition comprises:

aceclidine at a concentration of 1.65% w/v, mannitol at a conceniration of 2.5% w/iv,

{8218} In another embodiment, the ophthalmological composition comprises:

acechdine at a concentration of 1.7% w/v, mannitol at a concentration of 2.5% wiv.

16211} In another embodiment, the ophthalmological composition coruprises:

aceclidine at a concentration of 1.75% w/v, mannito] at a concentration of 2.5% wiv.

{6212} In another embodiment, the ophthalmological composition comprises:

aceclidine at a concentration of 1.80% w/v, mannitol at a concentration of 2.75% w/v and
Carbopol® 940 at a concentration of 0.09% w/v.

{8213} In another embodiment, the ophthalmological composition comprises:

aceclidine at a conceniration of 1.48% w/v, mannitol at a concentration of 1.5% w/v and
Carbopol® 940 at a concentration of 0.50% w/v.

{3214} In another embodiment, the ophthalmological composition comprises:
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aceclidine at a concentration of 1.830% wiv, manniol at a conceniration of 2.5% wiv and
Carbopol® 940 at a concentration of 0.9% wiv.
{3215} The following Examples are provided solely for illustrative purposes and are not meant io
HEmit the invention i any way,

EXAMPLES
Example I Effect of aceclidine on vision of subjecis aged 47 to 67 years
[3216] Table 1 demonstrates the effect on the near focus ability of presbyopic subjects before
and after ophthalmeological administration of g composition containing aceclidine. Each
cornposition included aceclidine in the concentrations indicated and 5.5% wiv HPBCD, 0.75%
wiv CMC, 3.25% wiv NaCl and 0.01% wiv BAK. Additionally compositions administered to
subjects 4 and § included 0.125% w/v fropicamide. As aceclidine 18 an enartiomer, the chinical
effectiveness may vary with different ratios. For the present studies a nearly exact 50:50 ratio of

sterecisomers was measured as best determined by polarimetry.

187 L5 2020 2030 1S
252 15 0.3 030 20.20 €.00
f3 a1 15 2047 20.20 20.15 .00
4 s i1 W WIS < 03E 200
5053 11 0.20° 20.26 wmesd 20.25 7.00
Y B 47 L5 0.25 20.25 20,360 2015 .00
758 L5 W wasl anaea 20.30 W30 B £.00

{8217} As seen in Table T all subjects had less than perfect near vision {20.20) in both the left
and right eye {obiject 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 hours.
Surprisingly, the majority of subjects also experienced iuprovement of their distance vision for
the same time period. Still more surprisingly the improvement in near point was much closer
than 16" typically required for comfortable reading, m some cases to about 8.5 ruore commonly
seen in individuals 30 or less. The addition of tropicannide, a cycloplegic agent, had no additive
or deleterious effect on vision correction.

Exampie 2 Effect of concentration of concerdration of aceclidine and tropicamide

Table 2: Effect of concentration of concentration of aceclidine and tropicamide.
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§1 2 B B4 HS(OD) HS(OD | He N1
RBomesdne | B03% | 003% | GOB% | 0.09% | GO3% | 8.09% | GE%
Pokwaawr 407 5 5%, R P _
HEBCD 5.5% 5 5%, 5% | 5% | 5% | 35% | S5%
Acseliine 15% 1 15% | 07%% | Li% | L% | 11% | 11% | LI%
Propeamide | B0 | DOTI% | DURSS | 6040 | ooy
O Ma3 BI5% | DI | 025% | 0.25% | B5% | B25% | 825% | 825%
LA G% | GOS% | D75% | GUTG | 075% | 0ITH | aTY% | 07%
BAE 01% | 1% | 61% | 01% | 81% | 0% | 81% | 81%
 Bobess{iSm) | 3 11 85 8.3 @ 8 K B
_ Redeess(m) | 18 a5 225 625 g | 8 8 2
Prow Ache (60 m) 2 24 2 8.5 85 a8 68 a0
Stinging (10 m) 2 2 85 8 g ) 8 8
BO-OD U 2no0 | 2028 | GMI% L GO0 | 20 | 202 | 2090 | M
B0 ECHECRECEECRAE R AR AN
TN 8 gt Bt Spt | &g Bg¢ | 8@ g | Eg
BRO8 Tt T ot gt | Im Tt Tt 7 gt Tot
DR alntnpe Tmem | 3w Imem | Joen | Jown | 3w | Jmm | Jmam
Bt aussop Smex | Swem | Spen | Swes | Sown | Sown | Sown | Smm
Riosis stact {m} 15 0 15 0 15 EEIE A L 15 1 15
Mok O R | 16w 160 mm 2005 mm| 153 mm | 163w | L6 men | L6 men | 1.0 e
INvarce fOIN{Mm)] 2020 | 2070 | 7020 | 2030 | I8 | 2020 | 2638 | Wi
Dt (0D (ihed | 200592 I 2005921 2020 | 200543 | 203597 | 200542 | F01542 | JRI54Y
Thonere (OSI {1k} | 200542 1201542 1 2000 | 2B1%42 | 200542 | ISR | 20090 | 20aS
Disasce {OU) (e} | 26103 | 26163 | 2035 | 20303 | 20103 | 0163 | 30103 | 20183 |
Pear (O {28 m) dgt | 4p gt 4pt | 4 498 dgt | 4pt
" Tane () 125 125 65 A W 18 |

[0218] Abbreviations: () indicates corrected vision, (m) indicates mimutes, (hr) indicates hour,

mum indicates millimeters, BD indicaies baseline distance vision; BN indicates baseline near

vision, BP indicates baseline pupil size, OD indicates right eye; OS indicates left eve and OU

indicates both eves.

[3219] Al percentages are w/iv. "pt" reflects size of print materials, 4 being equivalent to 2020

viston and 3 1o 20/15 vision.

{3228] "Time" refers to duration of the effect.

32211 As seen in Table 2 acechidine at a concentration of at least 1.1% w/v was able to reduce

the size of the pupil to 1.63 mm | hour after topical instillation resulting in corrected near and

Jistance vision for at Jeast 10 hours. Lowering of the concentration of aceclidine to §.753% wiv

{foromula #3) reduced the miotic effect 1o 2.0-2.5 yom 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

W
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without brimonidine, not shown) to 1.5 out of 4 within 30 minutes after topical instillation which
was maintained for the enfire time vision was corrected. Switching the nondonic surfactant io
HPBCD (formulas #2-6) further reduced the redness of the eye. Lowering of the concentration of
aceclidine to 0.75% wiv (formula #3) further reduced eye redness but as mention above also
reduced the vision correction duration of the formula.

(62221 A brow ache and stinging in the eye were noticeable in fornoudas #1-3 with a 2 out of 4
level of pain which was also associated with feelings of slight nausea, upset stomach and fatigue.
Surprisingly, the addition of a cycloplegic agent, tropicamidq reduced brow ache and stinging to
0.5 out of 4 and 0 out of 4 respectively with brow ache dissipating afier 60 minutes (formula #
4). Further, the raising of the concervration of aceclidine to 1.1% w/v restored the longer
duration of corrected vision seen in formulas #1-2 without increasing eve redness. However,
opon re-topical instiflation of formula #4 at the end of the 10 hours noticeable brow ache
occurred. Topical instillation of formula #5 (0D} 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 #5, re-
topical nstitlation of formula #5 again led to considerable brow ache. Ounce again, in formula
#6, raising the concentration of tropicamide was able to overcome the brow ache. Additionally
and unexpectedly, tropicamide, deapite being a cycloplegic agent, had no effect on pupil nuosis
or vision correction. Surprisingly, the addition of tropicamide resuited in a prolonged duration of
optimal pupil size counstriction.

(4223] To determine the effect of brimonidine on pupil ruiosis, formula #7, was administered.
Administration of formula #7 resulted in only a slight decrease in pupil miosis to 1.70 rom with
identical distance and near vision improvement to that of formula #5. A 2-3+ conjunctival
mjection was noted.

102241 All baseline vision data was based on vision correcled with distance contact lenses. Near
vision was noted by subject as puistanding from 8 inches 1o the horizon at 1.5 howrs after
installation. A Marco Autorefractor with infrared camera and superiraposed pupil calibration
scale was used for all pupil size measurements. Onee an image was selected it remained on
screen allowing accurate calibration.

Example 3 Effect of concentravion of aceclidine, brimonidine, guanfocine, jadolmidine,

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

and additives.

AB2T! AB4TI ABST! ABIIT | ABL2T {PROPHIS.

Acechdine 155 1 155§ 155 1 1,55 | 1.8% 1.35
Brimoridioe | 0.03710.037 10037 0037 |
Fadnlnidine - b amr
s - . s v
JHPBCD 4 55155 155 | 55 | 5§ | 5
Tropicamide 1004310043 10043 ) 0043 | 0042 | o4
CMC® 10075 0875100751 0075 | 0075 | 6075
Nall 0025 D025 100251 0025 | 0025 | 0028
RAK 01| 0811 001 o8l 0.0 8.01
Ghycerin 0.1 N 0
Poloxamer 188 | 0.1 | 005 | ‘
Polyoxy! 40 stearate 405 ¢
' i 65 1 75 1 75 | 15 001 715
sasaloongesdon | ¢ 1 0 1 0 VI 0
inghgdtial [ @730 @ 1151 33 1 o1 L5
stinging, 3 min 85 1 0 0 lwashowt] O &
rednessimnal | @ O 1 D 3 1
edness 1S min & 0 R 0
whiesing | 0 {1 0 | 0 | D | 13 L5
 pun 10 & g | DiC o g

“ision mear | 120301 2015 12045 | DAC | 2045 | 2015
vision distance | 20201 2020 1 20.30 | D/C_ | 2020 | 20.20

onset {min) 20 L 12 116 | DI 2 18
duration(rs) | 5.5 | 75 1 75 | DIC | 13 75
oodor clear {yvellow _y‘eﬁaﬁv yelow ,,,Yﬂ?@?? “““ _y&ﬁg;xf_
OVERALL | 25 | 3% (381 0 | 4 3.5
[B225] *1% = 2,500 ¢cps

02261 All percentages are w/v, Scores for nasal congestion, stinging initial, stinging, 3 win,
redness inttial, redness 15 min, whitening, pain and overall are out of 4.

{3227} "pt" reflects size of print materials, 4 being equivalent to Z20/20 vision and 3 to 20/15
Visign.

[6228] Baseline vision was 20.20 both eyes for distance; 20.70 right eve unaided for near; 20.80
left eye for near (best @) 167},

[6229] D/C stands for discontinued after eye washing due to iniolerable stinging.

(¥4
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192301 Aceclidine at a concentration 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
ta 20.20 or better for at least 6 hours, with noticeable affect lasting about 7.5 hours as seen in
Table 3. Lowering of the concentration of acechidine to 1.25% w/v {not shown} resulted in
useful near vision improverent to about 20.25 ~ 2030, but not as effective as at the higher dose
range alkaline pH resulted in quicker onset, longer duration, and greater effect, The addition of
0.037% wiv brimonidine reduced redness of the eve (4 out of 4 without brimonidine, not shown)
to baseline within 15 minutes after topical instillation which was maintained for the about the
enfire time vision was corrected. Adding glyeerin 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% w/v at a pH of 6.5 was noticeably reduced in onset, 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 rigation
immediately after topical instillation. Substitution of guanfacine 0.037% w/v 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 though requining slightly
higher aceclidine concentration for optimal effect.
{32317 All baseline vision data was based on vision corrected with distance contact lenses. Near
vision was noted by subject as outstanding from 8 to 10 inches to the horizon at 30 minutes after
insiallation for AB4T and AB6T.
[0232] AB4T and ABAT were repeated both monocularly and binocularly. Substantial
improvement in depth perception, near point acuity 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 treated eye
FExample 4 Effect of concentration of aceclidine, brimonidine, tropicamide, and additives

Table 4;: Effect of concentration of aceclidine, brimonidine, tropicamide, and additives.
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a0
SLU0

Syl

J A v a
sdness D4 1.8

Y watery

Overall &5

{6233] As seen in Table 4, forraulas #8-9, an increase in brimsonidine to .42% w/v resulted in
redness reduction to 0.5, while 8.75% w/v CMC resulted in a watery consistency. Unexpectedly,
increasing CMC from 0.75% wiv to a range of 0.80% wiv to 0.87% w/v and increasing NaCl
from 0.25% w/v 1o .75% w/v in formulas #10-11 resulted in a thicker consistency and an
increased residence time from 7 hours to 10-12 hours and decreased the arvount of drug that
drained into the nasolacrimal duct. This decreased drug delivery to the nasal passages results in
less nasal congestion.

{0234} In formulas #13-18 a decrease in the amount of aceclidine from 1.61% to 1.53% wiv
resulted in a pupil size range from 1.8-2.0 mm. Dimming as a result of the resiriction of the
pupil decreased linearly from 1.5 to 0.5 with the decreased amouunt of acechidine. Specifically,
the 1.8 to 2.0 mm pupil created 41% more light than the 1.5 to 1.7 mm pupil. Surprisingly, the
1.8 to 2.0 mm pupil had a near depth increase of 1.75 D. This is only a 0.25 D loss from the
beneficial 2.00 I seen with the 1.5-1.7 mm range. Thus, the 1.80 to 2.0 min range produces
41% wore light while still allowing the full benefit of increased near vision in individuals under
60 years of age; whereas, individuals 60 years of age and over still experience total computer
benefit and some increased near benefit.

{0235] The increase in tropicamide concentration from 0.042% wiv (formulas #8-#11) to
$.044% w/v (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 45, an increase of tropicamide concentration 1o a range from 0.046% to 0.060%

w/v may be preferred.

(9]
~-
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13236] Further, Table 4 shows an anexpected result seen in formulas #13 and #17 where the
increase of NaCl from 0.25% w/v to a range ot 8.50 to $.75% w/v resulted in an acceptable
redness score of only 1.0 even without the addition of the redness reducing agent brimonidine.
{32371 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 amournt of light produced
without siguificantly affecting the near vision benefits seen in formudas #8 - #12; (2) increased
WaCl concentrations resulting in a further reduction in redness even in the absence of
brimonidine; and (3) increased CMC concentrations resuliing in longer residency time on the
£ye,

[3238] Formula #19 1s an excelient alternative for the minority of individuals that are high
responders to formulas #15- #17 and get noticeable dimming with 1.53% wiv aceclidine.
Formula #20 i3 an excellent alternative for the minonty of individuals that are low responders o
formuia #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 Polyoxy! 40 Stearate, HPHCD and Poloxamer 407

Table 5. C omparnan of Effects of Polyoxyl 40 Stearate, HPBCD and Poloxamer 407,

=22 1 &2 ] &3
Acechdne 14581 14591 145%

Tropicamide 8. (449 10,0445 1 0.044%,
Brimomdine S040%5 1 0.040% | 0.040%
Polvoxyl 40 Stearate | 3.5%

HPRCD IR
Boloamer 407 5.5%
CNEC 0.80% | 0.80% | 0.80%
Nall D.037% L0370 .037% |
EDTA 0.015% 1 0.015%)] .015% |
BAK 00079 10.007%5] 0.007% |
o} 001 700 4 700

phosphate buffer | SmM | SmM & S mM
Wasal Can@&sﬁm 000 | 830 1.50

3 025 | 625 | 023
Wemng | 400 | 400 | 400
Redness | 0.25 | 050 | 0.50
Visual Blar (< 13 secy| 030 | 050 | 150
 Duration 68 ks | 6.8 hrs | 68 trs |
Overall 0-4 100 | 400 | 4

S8
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Clinical Protocol

[8239] 20 presbyopic patients with full distance correction were each given one of the above
formulas (#22 - 823y, All patients received pre- and post-drop distance and near acuity
measurement, Zeiss Visante® (Visante is a registered trademark of Carl Zeiss Meditec AG)
optical adherence tomography, axial length and contrast acuity testing (1.e. Colenbrander-
Michelson 10% Lum target) with the following results;

all patient achieved a misotic pupil of 1.5 to 2.20 muy;

no patient experienced ciliary ache, ciliary spasm, or induced accommodation;

all patients achieved 20/30+ visual acuity or better at 147 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 asted 6 -8 hrs in all cases;

binocular vision afforded all patients 1 — 1.5 additional lines of near acuity over monocular testing;
the last 10 patients were tested at 207 (1.e. computer distance, cell phone distance} and all achieved
20/25 or betier near visual acuity;

moderately hyperopic (approx. +2.25 sphere} uncorrected presbyopes were very satisfied with
digtance 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 error.

[1240] 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-
jonic surfactant and formula #24 requires 15-20% higher concentrations of the non-ionic
surfactant. HPRCD induced a color change over time, possibly indicative of oxidation. Captisol®
(sulfobutylether B-cyclodextrin} was substituted with similar findings.

FExample 6 Modulation of Aceclidine Concentrarions in a Freferred Embodiment,

{6241} Preferred embodiment:

Acechidine 1.35% - 1.55% w/v;

Polyoxyl 40 stearate 5.5% wiv;

NaCi 0.037% wiv;
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a viscosity agent, preferably CMC 0.80% w/v or an amount of Carbopoi® 934 or 940 sufficient to
achieve a viscosity of from about 5 to about 35 cps upon topical instillation, such as Carbopol®
Q40 at a concentration from about 0.09% to about 1.0% wiv;

BAK 0.015% w/v; and

a phosphate, citrate, citrophosphate, or acetate buffer from about 3 to about 10 mb,

wherein the pH is from about 4.75 to about 6.0,

242} For 1.35% wiv aceclidine —

\

[0243)
{0244
102
!
{

Cﬁ

tinging on topical instillation 0.28 / 4.0 (lasting about 2-5 seconds);
44} Induced rednesse at 10 minutes: 1.0t 1.5/ 4.0;

43} Induced redness at 30 minutes: 0.0 1o .25 /4.0

$#246] Comtfort: very high.

§247] Wetting: very high, the eve maintaining sensation of improved wetting for most of a 24
hour period after a single topical nstillation.

[8248] Depth of Focus distance: excellent,

{6249} Depth of Focus near: exceilent.

10250} 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 aceclidine, where 1.35% - 1.55%
wiv aceclidine is preferred, but for which 1.35% wiv and 1.45% wiv confer the desired benefits
on most subjects,

[0251] Further, it is discovered that the clinical effect of 1.35% w/v acecliding can be improved
when instilled as follows:

1} baseline effect: 1 drop to each eve.

2} enhanced effect: 2 drops to each eye

3) greater effect; after 2) above repeat 1) above.

4y maximum effect: afier 23 above repeat 2} above.

Example 7 Use of a preferred embodiment {6 prolong contact lens wear.

{8252 Preferred embodiment:

Aceciidine 1.45% wiv,

Polyoxyl 40 stearate 5.5% wiv;

NaCl 0.037% wiv;
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a viscosity agent, 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 instillation, such as Carbopol®
G40 at a concentration from about §.09% to about 1.0% w/v;

BAK 0.02% wiv: and

a phosphate, citrate, citrophosphate, or acetate buffer froro about 3 to about 10 mM,

wherein the pH is from about 4.75 to about 6.0, ‘

(2531 Asg a baseline, the subject, who normally wore extended wear lenses (Alr Optix™; Alr
Optin is a registered trademark of Novartis AG) for daily wear only, slept in these lenses
overnight. 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 overnight. Average vision
om arising at distance: 20.60; average vision at near on a Michelson contrast acuity chart: 20,80,
(8254} Then, for seven consecutive days the above formulation was instilied between 7 am and
10 amn 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 al near 20.40 unaided {consistent with subject’s haseline 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 Steavate and Captizol® (sulfobutviether f-
cyelodextrin

Table 6. Comparison of Effects of Polyoxyl 40 Stearate and Captisol® (sulfobutylether B-

cyclodextiring.
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b oErs b osxe |osn 432 #33
Scechdine 1 133951 1.3%% | 138% 133% © 1.39%
Tropicamide | 0.044% 10 04495 10.044% 0.044% | 0.044%

Pobvoxyl 40 stearate | 559 1 33% | S9% : % | SS% 1 3G L

Captisol® j 3 35% | $5%

Cocamidopropyt betaine L 1 0.10%
_ EDTA, D.01S%610.615% 1 0.005%5 1 0.005%  0.005% | 0.005% | 0.0159%
CME 194=2,500 cps | 0.30% | 0.80% | 0.50% | 0.80% | 0.80% | 0.30% | 0.80% | 0.80% | 0.30%

NaCl L0037 IG03MAI0 03705100370 [0.03 7% 003754 0.037% | 0.037% | 00373
 Naoshol _ 4% | 4%
. BAK 000795 10,0075 0.00700 0. 00T 10 00784 10,0094 T 00075 | 000798 | D00

Borate buffer (mdy | 4 4 RERERE R ENRE 4
Phosphate buffer b} | 4 4 ' | 5
W A 3 i 3 P d 7 7
Redness, (Dema  § 135 | 128 | 2 3 L3S L LIS 8 g g
Redness, 3Bmin | © | 8 | 15 ES O 1S 1oLas 0 & o
Dopll, 30 min fmm} | <2 < L2 <3 | w2 <3 <2 <3 <3
Blronhstl(seed | 10 | 1@ | 1@ | 16 | 18 19 10 10 10
Ache 10 A 0 T I
Rating 1 400 ] 400 1 200 1 200 | 250 1 250 0 100 ¢ 5S40 | TRD

[0235] As seen in Table 6, when using polyoxyl 40 stearate as the surfactant the exclusion of
EIYTA results in reduced redness and best overall rating among polyoxyl 40 stearate
compositions (Formulas #25 and #26). The addition of cocavmdopropyl betaine (“CAPB”)
further reduces redness however results in significant ache (Formula #31). Replacing polyoxyl
40 stearate with Captisol® (sulfobutylether B-cyclodextrin} and adding wannitol achieves similar
resulis in redness reduction as the addition of CAPB to polyoxyl 40 stearate but withowt the
attendant ache resulting in the highest overall rating among aceclidine cornpositions (Formula
#32). After several weeks formmulations with Captisol® (sulfobutylether B-cyclodextrin) had an
orange hue, possibly indicative of oxidation.

Example 9 Preferred Cold Chain Composition

(8236} Composition

aceclidine at a conceniration of about 1.40%-1.80% wiv; and

tropicamide at about 0.42% wiv,

polyoxyi 40 stearate at about 5.5% wiv;

manitel at g conceniration of about 2.5% 10 4.5% wiv;

carbomer 940 at a concentration of about $.09% to about 2.8% wiv;

optionally, a preservative such as BAK at a concentration of about 8.2% wiv;
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optionally citrate at a concentration of about 0.1%;

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

wherein sald composition has a pH of about 4.50 to about 5.0; and preferably, about 4.75 1o
about 5.0; and

wherein w/v denotes weight by volume

{2871 A compaosition as described sbove was administered 1o a 62 year old subject. It vesulted

in pupils of 1.8-1.9 mm oy, 20.20 + reading vision, and 20.20 + distance vision; whereas withont

carbomer 240 reduced effectiveness resulted at 2.5% mannitol, and no near vision effect resulted

at 4.0% mannitol. No ciliary spasm or loss of distance vision resulied. Ouset was within about

15 minutes. Transient redness of about 14 /out of 4 was noted for about 28 minutes without

alpha agonist vasoconstrictor. The presence or absence of BAX had no clinical effect, and was

used to provide an optional preservaiive,

Example 10 Stabile Aceclidine Formulations

Composition Tested:

aceclidine al a concentration of about 1.50% wiv;

tropicamide at a concentration of about 0.042% w/v;

polyoxyl 40 stearate at a concentration of about 5.5% w/v;

mannitol at a concentration of about 2.5% wiv;

citrate at & concentration of about 3 mM;

wherein said composition has a pH of about 4.75.

{3258 20 samples of the above composition were divided evenly and storved at 25 °C and 4 °C.

Prior to storage, initial concentrations of aceclidine were measured using high-pass Hguid

chromatography (“HPLC™). The amount of aceclidine in each solution was calculated by the

area under the principal peak compared o a reference solution of aceclidine. Samples were then

subject 1o storage for 3 months. Aceclidine measurernents were faken at 1, 2 and 3 months.

Resuits of the stability test are shown in Table 7.

Table 7. Stability of Aceclidine in Cold Chain Storage

25 °C , 4°C

Tritial 0% 100%

1 month G2% Q3%
2 months 75% Q2%
3 months 509 R8%
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[0259] As seen in Table 7 “cold chain storage” or storage of the aceclidine composition at from
2 °C 1o 8 °C resulted in a significant increase in stability of aceclidine at all 3 time points.
Example 11 Use of compositions cortaining litile or no cycloplegic agent

102660} Aceclidine alone causes incidence migraine-~like severe ciliary spasm (brow ache) and
myopic blur. These effects are inversely correlated 1o age with subjects age 40 reporting the
highest incidence and subject age 60+ reporting the lowest incidence. The addition of a
cycloplegic agent reduces ciliary spasms and atiendaut brow ache, migramous headache,
squeezing pressure around eyes or other symptoms of ciliary spasms. The addition of the
cycloplegic agent, surprisingly, does not reduce the myopic etfect of aceclidine. The addition of
2.5% wiv mannitol however does reduce the myopic effect of acechidine. Increasing the
aceclidine concentration overcormes this reduction in myopic effect seen with the addition of
mannitol. Surprisingly, however, the increase in aceclidine 18 not coineident with an increase in
ciliary spasm. Even more surprising, the concentration of the cycloplegic agent can be reduced
or even eliminated in the presence of mannitol without an increase in ciliary spasm. Thus,
cornbining a higher concentration of acechidine with little to no cycloplegic agent in the presence
of mannitol resulis in an improvement of near vision acuity without attendant side etfects on par
with lower concentrations of aceclidine and higher concentrations of the cycloplegic agent in the
absence of a cycloplegic agent.

[0261] Further and unexpectedly, the addition of a nonionic surfactant increases both the
quantitative measure of near vision improversent and the duration. This effect is concentration
sensitive. In a preferred embodiment the non-ionic surfactant is al least 1%, preferably af least
2%, more preferably from about 1% to about 3%, and most preferably about 5%. For exanple,
polysorbate 80 or polyoxyl 40 stearate at a concentration from about 1% to about 5% wiv results
intabout 1.5 to about 2.0 lines of improvement and a duration from about 4 to about 5 hours.
(6262} Not to be held to particular theory, the increase in concentration of a surfactant may
crowd the surface of the cornea, and at an optimal conceniration this crowding result in small
and probably nanometer diameters, which given the dual polarity of surfactants, where nonioric
are most preferred, enhances corneal absorption of the entrapped highly polar acechdine
molecules.

10263] The further addition of a viscosity agent by itself does not enhance duration.

Surprisingly, the addition of a viscosity agent in a formulation with optimal ratios of aceclidine,
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tropicamide and a non-ionic surfactant dramatically improves duration. For example, a
formulation of the present invention comprising 1.75% aceclidine, 2.5% mannitol, 8.01%
tropicamide, 5% polysorbate &0 improves near vision 1n a presbyopic patient by up to 3 lines of
vision acuity for about 4 to about 5 hours. The addition of 1.4% CMC further increases the vear
vision improvement to from about 7 to about 10 hours. Not to be held to a particular theory, a
threshold above the critical micellar threshold greatly enhances permeation through the cornea
by reducing micelle size from micrometers to nanometers. See Figure 2.

{82647 Examples of compositions containing little or no cycloplegic agent are shown in Table 8
below.

Table & Compositions containing little or no cycloplegic agent

L #12 w3 | #4 1o#Ls L6 #1,7 418 Lo | HL19
VVVVVV Aceshdine | 1.75% | 1.75% | 1.73% | 1.75% 1.0.75% | 1.75% 1. 0.75% 1 1.75% 1 1.75% ] 1.75%
Tropicamide | 0.02% | 0.02% | 0.02% | 0.02% | 0.028 - - - - -
Mannitol 25% 1 25% 1opss | o2sm fo2a% | o2a% 1 25% 1 25% | 2.3% | 25%
Polvsorhate 86 | 0.75% | 0.25% | 0.25% | 0.0% | 00% | 0.5% | 0.25% | 0.25% | G.1% | 01%
Carbopoi® 940 | "
or CMO 0.95% 1 0.95% 1 0.95% 1 09% | 0.95% 1 023% 1 0.95%% | 0.95%5 1 0.9% |0.85%¢
Gi‘,’a)ﬂ}"ine - - e e s -
Phosphate buffer | 3mM o~ A ImbMoL 3mM MM 1 - imM 3mM L 3mM
wall L 0.5% 1 01%. 1 0.05% L 01% 1 05w L ooa% 1 o008% 1~ 1 0.1%
Boric acid - 0.12% + 02% | D.I% | 0.12% 0.12% 1 02% | 02% i 0.12%)
- BAK 0.015% | 0.01% | 0.61% | 0.05% | 0.01% | 0.015% } 0.01% | 0.01% | 0.05% | 0.01%
pH 5.0 5.0 5.0 54 3.0 30 . S8 L 3.0 SR 50

Table 8. {continued)

U ELD #L13

Acecliding ] 1.65% | 1.63% 1.75%
Tropamide 03.61% o o
Mansite! 2,5% | 2.5% | 25%
Polysorbate &) 2% 2%% 1% 8,10%
Carbopol® 940
or MO 0.75% ¢ 0.75% | 0.75% | 0075% U 0.75% 1 878 | TS
Giveering 0.10% | 010% | 0.00% 1 0.00% | 0.10% | 0.10% | 0.10% | 0.010% 1 0.20% 0.20%  0.20%
Phasphaie buffer JmM | 3mM ImM ImM U 3mM 3 aM 3 mdd ImM i 3mM 3mM E 3mM
MWall e st s S PO
Borie acid - = I - - - oo
BAK 0.01% 1 G019 0.00% & 0.01% 1V0.013% ¢ G.015% LTSS L 015G TO BRI L
o 5.8 5.4 5.0 5.0 5.25 5.25 5.25 525 5.25 5.23 S.25
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#1258 #LIR #1225 HE30
1.75% A WA I N
Tropicamide 2.015% 7 0.0275% [ 0.0275%610.025%
Mannitol 59 3.5% 2.5% 2.5% 2.5%, 2.5% 1 2.5%
Poivsorbate §0 5% 3% 5% : 5% 5% 3% 3% 3%
N SI® 940
or OO 1.25% & 1,459 1 14539 1 1.45% 1 1.45% § 1.253% | 140% b 140% 15000 1 LA0% L 1.50%

Giveerine

Phosphate bufler

smM

3 mM

3 mM

3 mM

NaCl — — - - - . - -
Boric acid e i = o = - e
BAR 0.01% L 0.01% 1 G.01% | 0.01% | 0.01% 1 0.01% | 0.01% | 0.01% i 001% | G.01% F 0.01%
5.0 5.0 5.0 5.8 6.0 5.0 hRY 3.0 3.0 5.8 540
3+ 3 3+ 3+ 3 3t 3+ 3 I+

Duration (hours)

1+

I TR o SR
Cibary Spastng

1.8

Stinging

0.5

Bler {min}

Distance Blur

Omset {win)

Tedness thr {{4)

Kedness 4hr {0-4)

Overall Comfort

s sticky

si aticky |

read® dur

OVERALL (1-5}

best

bast

best

best

best
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341 HL3S | 9136 UOMRY UHL3R ] w4 oM AS L OELEG L OELST
""" sechidine [ AGY 1409 | 125% | 145% | 1.459% | 145% | 155% § 1.65% § 1.75% | i
Tropicamide - - - 3, ) 0200%
Brimenidine - - - - ~ ~
Manniol . . . - . . 2.5% | 4.0%
- \ - - - - - 5.009%
o b ; 558 1 55% | 55% | S.9% | 5.5% . 5.5%
: 0.30% U 030% | 0109 | 0.10% | 0.10% | 040% | 0.10% | 0.10% < | 010%
Glyoerine . 030% | 000% | 010% | 0.00% | 0.00% | G108 | 0.00% § 010% | 010% | 010%
e : 1A5% 1 075% |+ ] ORS% 1 0.79% | 0.75% 675% | 679% | 67T
e : : : . e LB e : :
Carbopol® 840 X - B - ~
Nad] B75%) 0.75%) 0.50% | 0.50% | 0.50% | 0.50% | 0.50% | 0.50% | D.50% | 0309
__Boric _Acic’- - - - = - - - - -
3 3 < 3 3 3 3 3 3
5.0 5.0 .0 | 30 3,4 56 | 58 1 a0 5.4 5.8
001595 1 0.015% § 0.015% | 0.015% | 0.019% | 0.015% | G.0E5% | 0.015% | 0.015% | 0.019% | 0.013%

Reading vs.

OVERALL (15}

Baseling 40 cm 3 328 3 2 3 2.3 [ 0.5 1.5 1.5 }
Dharation (hours) 4 7 4.5 8.3 & 3 2
Ciliary Spasms 4 4 3 Z 3 2 .3 3.5 {.5
St 1.0 1.0 L0 10 ] i 05 1
Blur {min) ) .
Distance blur  rnone none none none } none none none noue hivies htests none
Onset {nyin) 20-11 2012 20-13 20-14 | 20-15 1 2016 | 2025 | 2025 | 2035 | 2035 1 20-28
Redness i (0-4 2.0 1.5 3.3 .3 3.5 0.5 4.5 4.5
Redpess e {4y | 4 v
Overall comiort pOOT BOOT POGE £y pOLY BOOS pood good
olarity hi hi h hi hi hi ki hi i
read*dur 2 21 1 14 8 20 h) 5 : & & 2
= N * w~ R B ¥ = * kS
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1Y A
02

i3

34

HLSO

Aceclidine

F.65%

1.65%

1.65%

L73%

Troplcamide |0.0100% 1 0.02509 1 0.0000% | 6 0.0400% 15.0250% [ 6.0300%
Brimonidine L. - A b
Mannitol 2.5% 2.3% | 2.5% 2.5%% 2.5% 2.5% 2,5% 2.5% 2.5% 2.5% b 2.5%
Polvsorbale $0 | 2.00% | 2.50% | 200% | 1.0O0% 0.30% 1 200% | 250% 1§ Z50% | 350% | 2 50% L 3.50%
Polvoxyl 40 Sicarate | - = - - & “
Chtrate : - 0, 10% - - ~ - ~ ~ b
Glycerine 00% | 000% | 0305 | 0.00% | 0.00% 1 0.00% 1 010% | 0.30% | 0.00% | 008 | 0.16%
CMC 0.75% | 0.85% | 0.35% | 0.85% | 0.85% ) 0.85% | 0.8%% | 0.75% | 0.60% 1 1.80% | 0.60%
HPME . " - . X . . S - -
Carbopoli 940 - - 0.75% | 3.60% 0.80%
NaC} Gsoge | 0s0% | T T
Boric Acid - - ' “ - ~ - - L. - -
Fostagsium Borate ~ ~ - - = -
Phoaphate nffer 3 3 3 3 3 3 3 3 3 3 3
Acginie - # + - = - © < .
pH S8 138 159 5.3 3.3 5.3 5.00 5.00 {3 .00 5.80
BAK 0.015% | 8.015% | 0.015% | G.015% | 0.015% 1 0.015% | 0.015% | 0.015% § G.018% { (01556 | 0313%
Pupi Size () '
Reading vs.
Hasclne 40 em 2.5 3 2 13 2.5 3 2 1.5 2.5 L3
Praestion (hours) & 3 & 4 4 6 5.5 7 3 7 7
Ciliary Spasms 0.5 8.5 2 2 {3 G ¢ 0.5 9 .5 {5
Stinging ! 8.5 11 63 0.3 85 | 85 | 035 1 025 | 623§ 028
Blu {min 1.3 ] y;
Distance blur TORS NOKE NOTIE nong nong NOTE 100ES HOne none nong nong
Queet (rmd 20-25 2625 26-35 § 20-25 1 2023 f 2098 o 20-25 | 2075 o 095 b 28-93 1 28-33

Redness The {343

(.3

R

(.3

.3

3.3

Bedness 4y {343

Ohverall comdfont DOOY poor 200 zoad gonid gond oo 200d
Dsmolarity hi 8l nl 3 ni ail nl al

ificany ndex:

OVERALL (1-3)

readdur is i3 18 8 & {3 iy i4 3 18 18
o PENSY RN

gyl
o
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Table 8. {continued}

o

P73% | Le3% ¢ LT% b LTS% L BTE% 1 L7A% 1 178% | 1T

HLes | 66 | HLET | ALR FLTR L RLTL L ELT
- i A

3% 1 1L75% | LTSN

Aseclidine 1.65% 73 G
Tropicamide 0.0750% | 0.0250% [0.6250% 10.0275% 10.0275% 0.0275%1 0. 0250% 1001809 0.0160% 1 0.0160% 10.0150%
 Brimonidine - - L - - ~ “ - - = -
Mannitol 2.5%, 2.5% 2.5% 2.5% 1.5% 2.5% 2.5% 2.5% 2.5% 1 2.5%
Polysorbate §0 Y S 1 3.30% 5.00% | 5.00% § 2.00% { 2.00% § 200% | 223 1 4.00% | 400%
Folvoxyl 40 Stearate N - - < B s x <
Cirate -~ - - = oo . »
Glycerneg Q0% 1 G10% 1 0.10% = . - “ “ & & &
UM 0.75% | £.50% | 0.75% 1.35% L35% 1 04%% 1 1A 1 1as 1A%
HPMC . N - - N - N : 5
Carbopeil 940 ] ean% | 135% -1 L4sY% . Lo -
WNall N . - . - . - . - -
Barke acid - g SN SR A ST SURPVIL. ST FURPVUPOPONEY SN BECOINN SV o
_ Postagsium Borate = > - ~ - - - - -
_Phesphate buffer 3 3 3L 3 3 3 3 3 3 3 3
Aceite ; - . - " s N -
pH L 500 54 5.08 3.0 5.0 5.0 5.8 5.4 hXS 5.0 3.0
1% 1 0.01%

BAK C0.015% | 0.013% | 0.015% | 0.013% § 6.015% 1 0.015% 1 0.015% | 0.615% | 0.01% | G

Pugil Se (ryn}
Reading vs.

Bas L3 2.5 2 275 2.73 275 2.7% 2.73% 275 2.75 3
' Druration {hours) 4 h 7 7 3.5 6 i 7 7 (]
Ciliary Spasms .5 (.5 ) .3 1.5 0.5 0.5 .5 (8.5 (.3 1.3
.5 0.5 0.5 3.3 0.5

__ Stinging . 0.3
Bluc(miy |
Digtance blur o nong TIOHE
Onaet (ydng 20-25 20-25
Redness e (00 | 03 6.3
Redness 4by {0-4)
Overall comfort gnad gond 2004 zood goed §.. good
Poob b b onl i

HOne none novie none nong Hone Hone HOne
20-25 1 20-25 b 20-25 1 20225 1 30-25 4 Z0.2S ¢ 2025 © 20.235
4.5 ] 8.5 :

good good good good
i ol al nf

Crsmolatity. 1l nl ni
Efficacy ndex:
read¥dur 8 U

#
%
p2

PR

]
e
-
G
-
O
st
L
—
—
)
-
L
-
o
2
U

OVERALL ¢1-5) poor ? 4
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Table 8. {contined)

L83 G dLd

'

#L78 | #L77 | #L7R
L75% | 173% | 175% |
0.0120% | 0.1 15% | 0.010036 ¢

1.65%

Acechding
0000006 H0.0000% |

Tropicamide

Br dine - - ~ < - - .
Mamntol 1.5% 2.5% 2.5% 2.5% 2 2.5%
5.00% 1 5.00% 5.00% | 5.0{(% 3.00%

143% 1 1.40% | 14390 | 1.40% | 140% | 1.40% ! 1409 | 1.40% | 1.40% | 0.00% | 0.7%%
Carbopol® 8 < ~ - - - > < = -
Mall - - < - - > IR 0.30% - -
Boric Acid = - - - - - - -

iasshum Borate - - - ~ - - -

Phosphiate bufisr

oS - — - i i e e i ey
pH Ry 3, L 50 5.0 5.0 50 3.0 3.0 5.0

BAK. 6.01% | 0.01% | G01% | 5.01% | 0.01% § 001% L~ | 0.01% | 6.01% | 5010% | 0.010%

T
<
(¥4

Pupil Size {mm)
Reading va.
Baseline 47 cm 3.25 3 375 2.5

Druration thours) 7.5 7.5
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Phstancs blur DO aone | onone O nong nohe none | noue note | nons nons

Onset (i 20-25 | 20-25 | 3025 | 2035 1 20:25 1 2928 1 2025 | 2035 1 2025 | 2025 | 20-25

: 20
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] goed-exe fpood-ered  €xC ONE fair  §  faw
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Table 8. {continued)

aiss | #Lg6 | BLe7 | #Les | #L8% | 410 | HLO) | #L9r | #L93 | #L94 |

Acectidine L7S% | 175% 1 L75% | L79% | 175% 1 175% | 1L75% | 1.75% | L75% | 1.75%
Tropicamides | 0.0000% | 6.0100%] 0,6900%| £.0060%| 0.0060%6.0100% {0.0060% | 0.0660% | 0.0060% | 0.0060%
Brimonidioe - i < ' & ¢ s = -
Mannitc] aShs 1 25% | 245% | 25% | 2.5% | 2.5% | 25% | 25% | 2.5%
Polysorbate 80 | 5.00% | 2.5% | 25% | 25% | 5% | 250% | 2.50% | 2.75% | 275% | 3.50%
Polyoxyl 40 Stearate - - - e ¥ L o > ~
T Chrate N - . . PR I -
Ghycering s « v “ ~ -
CME 1 40% b N - . .
HEMC e luTss | ou7s% | L7s% | LTE% - . .
Carbopol® 940 . . L 175% | LR L LAGY% | L80% | 1.80%
Nall 8.00% | 030% - G30%] - | 0.50% | 0D.50% | 0.50% { 0.50% | 0.50%
Baric Acid | - -1 035% . - - . A 1 028% 1 -
Postassiura Borale - 0.47% “ o - ~ 8.37% -
Phosphate buffer 3 b3 3 3 4 3 3 3 3 3
Acctate . R N . - “ ~ o

i 56 | 50 50 5.0 60 | 5.8 5.0 56 5.0 50

E;AK 0.010% ¢.020% ¢ 0.020% | 0.020% | 0.620% | G.02% 1 0.02% 0.02% { 0.02% | 0.02%

Pupil Size (mimn)
Feading ve.

Baseline 40 o 3.5 5.5 3.5 375 1 375 3.5 375 1 395 1 375 | 38
Duration (hours) 71 8 (A 9 7 7 g 3 8.5
Ciliary Spasms 2 0.5 8.5 05 L 05 | 05 0.3 0 g 0
Singing___ | 0.5 |
Biur (min} ) I
Distance blur 2.0 nong Hone none | noene | none One none BONS nong
Onmset (miny | 20-23 |\ 2025 | 2025 | 2035 | 20-25 | 2025 | 20:35 | 20-23 | 2025 | 2023

Redness Thr (0-4) | 1.0 1.0 05 05 1 0.5 0.4 8.5 6.5 0.5 0.5

Raduoess dhr {§-4)

Overall comfort good prood good good ' gco&
Camlarity o - nl nl n b
Fificacy index:
read*dur 25 28 25 34 34 25 26 3@ 438 32

OVERALL (1-5) |

All concentration in weight by volume.
mm denotes millimeters,

e denotes centimeters.

min denctes minutes,

%%* denotes groount can optionally vary from about 8.01% to about 1% wiv.
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# denotes formulation can include polysorbate 30 or not include polysorbate 80,

Ciliary spaswis scores C(‘srrespond o the following: Of=n0 disconfort; 0.5=slight sting; I=noticeable
squeeze/discomfort; 2=pain for less than 30 minutes; 3=pain for | hour or more; and d=severe o
intolerable pamn.

{2651 The efficacy index is demonstrated in Figure 3. In briet, the score is calculated by
multiplying the lines of improvement in near visual acuity by the murnber of hours the
improvement lasts. For exarople a score oft 5 is equal to +1 hues of improvement in near visual
acuity for § hours; 10 is equal to +1.5 lines of improvement for 6.7 hours; 15 15 equal to 2 lnes
of mmprovement for 7.5 hours; 20 1s equal to 2.5 lines of improvement for § hours; 25 is equal 1o

3+ lines of improvement for 8.3 howrs and 35 is equal to 3.75+ Hines of improvement for 9 hours.
[3266] As demonstrated by comparing the Reading vs. Baseline at 40 cm and Efficacy Indexes
of formmlas #L33-#1.37, formulas containing 1.40% or more aceclidine are better at correcting
presbyopia than those formulas containing 1.25% aceclidine. Inversely, the lower concentration
of acechidine results in better overall comfort o the user. The additton of 2.5% wanunitol to
formulas with 1.45% aceclidine improves overall comfort but at the expense of reducing the
preshyopic correcting effect {compare #L.37 with #1.47.) This reduction in near vision
improvement is exacerbated with the addition of 4.0% mannitol {compare #1.47 with #1.48.)
Increasing aceclidine concentrations to 1.65% or 1.73% overcome the reduction in pear vision
improvement seen with the addition of mannitol (compare #1.47 with #1.49 and #1.50.

{02671 Farther, formulas containing 1.75% acechdine and 2.5% mannitoel have an increased
efficacy and duration in treating presbyopia that 13 correlated with an ncrease in polysorbate 80
up 1o 5.0% and then jnversely correlated with a decrease in CMC from 1.45% to 1.40%
{compare formulas #L66 1o #L.78) Optimal formulations are demeonstrated by #1777, #L78 and
HLE3-4L.94, which each have the highest improve reading at 40 cm at between 3.5 and 3.75

visual acuity lines and the highest Efficacy Index scores of 25 to 34, and the longest duration
from 7 to 9 hours. The increase in effectiveness and duration of formulas from #1166 to #1.78 are
also inversely correlated with a decrease in fropicamide from 0.0275% to 0.01%. This same
trend is demonstirated by the increase in effectiveness (i.e. Reading vs. Baseline 40 om} when
comparing #L85 through #1L.94.

18268} This data demonstrates that mannitol can effectively reduce ciliary spasms caused by

acechdine, thus reducing the need for a cycloplegic agent such as tropicanude. Further, this data
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demonstrates that the addition of a non-ionic surfactant and viscosity agent can further enhance

the efficacy and duration of compositions containing aceclidine, mannitel and low tropicamide.

This data also demonstrates that the use of a cycloplegic agent in acecliding compositions

containing polysorbate 80 and CMC is most beneficial to presbyopic correction when the

cycloplegic agent is closer to (L006% than 0.025%. Finally, this data demonstrates that

compositions comprising aceclidine and mannitol are sufficient o correct preshyopia with

tolerable pain.

Example 12 Use of further high tropicamide formulations

132691 The following examples are of aceclidine formulations containing more than 0.03%

tropicamide.

Table 9. High tropicamide formulations

OVERALL (35}

4139 | 4140 | HLAL | #1427 | 143 | 4144 | HL45S | HL46
Aceclidine 1.45% | 1.45% | 1A% 1.40% 1.40% | 1.40% 1A0% | 140%
Tropicamide 0.035% | 0.037% | 0.040% | 0.050% | 0.055% | 0.06% | 0.08% | 0.04%
Polvoxyl 40
Stearate 5.5% $.5% 5.5% 5.5% 5.5% 3.5% 5.5% 5.5%
Citrate 0.10% | 0.10% | 0.10% | 010% | 0.10%  €10% 1 0.10% | 0.10%
Glveerine 0.10% | 0.10% | 0.10% | 0.10% | 0.10% | §.10% | 0.10% | 0.10%
CMC 0.75% | 0.75% | 0.75% | 075% 1§ 0.75% . 6.73% 1 0795% & 6.75%
MNaCl 0.50% | 0.50% | 0.50% | 0.50% | 0.50% | 0.50% | 0.50% | 0.50%
Phosphate bufier 3 3 3 3 3 3 3 3
oH 5.0 5.0 5.0 5.25 5.5 5.25 5.6 1 &85
BAK 0.015% | 0.015% | 0.015% | 0.015% | 0.015% | 0.015% 1 0.015% | 0.015%
Reading vs, : 5
Baseline 40 om 3.5 3.5 3.5 2 1 i i 3
Daration (hours) & & 6 2 2 i i 6
Cillary Spasm I 8.5 8.5 8.5 3.5 0.5 3.5 3.5
Stinging 1.0 i.0 1.0 8.5 0,25 8.5 i i
Distance blur nane _none none none none none none none
___Onpset{min} 20-17 20-18 20-18 20-20 2021 20-22 26-23 20-24
Redness Thr {6-4) 8.5 8.5 0.5 0.5 3.5 0.5 0.5 0.5
Overall comfort fair good good goad good gosond giond good
Osmolarity hi v hi bi hi i hi b hi
Efficacy index:
read®dur 21 v 21 21 2 i 18
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Ciliary spasms scores correspond fo the following: O=no discomfort; §.5=slight sting; I=noticeable
squeeze/discomiort; 2=pain for less than 30 minuntes; 3=pain for I hour or more; and 4=severe to
intolerable pain.

{92761 As demonstrated by formulas #L35-#1.41 and compared to formulas #L.74-#1.78 in Table
8, formulas containing about 1.40% to about 1.45% aceclidine, about 0.035% to about 0.04%
tropicamide, about 5.5% polyoxyl 40 stearate and about 0.75% CMC are alroost, bt not guite as
effective at treating preshyopia as formulas contaiming about 1.65% to about 1.75% aceclidine,
about 2.5% mannitol, about 5% polysorbate 80, about 1.40% CMC formulas. This effectiveness
decreases dramatically when tropicamide is increased to about 8.05% to about 0.08%
tropicamide.

Example 13. Use of o compound containing mannitol

Forroulation:

aceclidine 1.75% wiv

tropicamide 0.006% wiv

mannitol 2.5% wiv

polysorbate 80 2.75% wiv

MNaCl 0.5% wiv

hydroxypropyvimethyl celiniose 0.5% -1.80% wiv

phosphate buffer 3 mM

pH 5.0, and

BAK 0.020% as preservative,

Method:

(8271 The subject instilled 2 drops of the above formulation in each eye and the excess wiped
from lids and lashes.

Results:

182721 Within 20 minutes, near vision improvement of about 3 lines of visual acuity was noted
with very slight dimming. Throughout the day near vision remained enhanced with no loss of
distance vigion. Further, if the subject previously suffered fromw any mild refractive errors
distance vision was improved. {ver a 5-8 hour period the pupil begins to slightly recover, and

after a few hours the minimal ditoming was no longer noted.  Both excellent vear vision near
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onset, and possibly still slightly improved near vision continued as the puptl shghtly begins to
merease from its minimal size sarlier in the day.

Fxample 14, Use of a preferred embodiment optimizing tropicamide and hydroxypropyl methyl
cellulose

182731 Composition

Aceclidine 1.73% wiv
Tropicarmde (3.010% wiv
Mannitol 2.50% wiv
Polysorbate 80 3.50% wiv
Na(ll 0.50% wiv
HPMC 1.25% wiv
BAK (3.02% wiv
Phosphate butfer 3 M

pH 5.00
Method

{82741 The subject instilled 2 drops of the above formudation in each eye as 1 single drop sach
eye and a second drop affer 5 minntes.

Resulis:

182751 Comdfort, duration and efficacy were assessed. Stinging upon instillation and over the
first hour was minimal with a score of .25 out ol 4. Redness over the first hour was also
minimal with a score of 0.5 out of 4 assessed at 20 minutes. Onset of vision Improvement
occurred with the first 20 to 25 minutes after instillation. Baseline near vision (1.e. 40
centirneters) was improved by 3.5 lines of visual acuity. lmprovement in near vision lasted for
8.5 howurs. Comparing this formula to those in Table 8, the Efficacy Index score was 29.75.
Substituting HPMC 1.80%% w/v with HPMC 1.65% w/v resulted 1o a shght reduction in near
vision improvement 1o 3.25 lines of visual acuity and a slight reduction in duration to just over
about 6 howr, Comparing this formula to those 1in Table 8, the Efficacy Index score was 19.5.
Example 15, Use of a compound containing marwatol with vavious nonionic surfactants

Compositions
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(276} Table 10 lists the active ingredients, excipients and their concentrations for compositions
with both tesied and prophetic exarnples of nontonic surfactants.

Methods

{0277} The subject independently instilled 2 drops of the above compositions in each eye and the
excess wiped from lids and lashes.

Results

{6278} All nonionic surfactants tested demonstrate substantial near vision improvement. Of
those tested only Brij® 35 was marginal due to the significant corneal tritation, hyperemia and
reduced duration that resulted. Polysorbate 80 and poly 35 castor ol were most preferred,
polyoxyl 40 stearate and poloxamer 407 excellent as well. However, polvoxyl 40 stearate caused
a precipitate reaction with cellulose viscosity agents and added other stability issues.

{0279} Comfort and duration for each non-ionic surfactant were also tested and are noted in
Table 10. Stinging and Redness are based on g scale of § to 4 with O being none and 4 being the
most severe, Other than Brig® 35 stinging and redness were wild (o nearly absent. Duration was

excellent for each nonionic surfactant tested.
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Table 10, Comparing efficacy and comfort of various nonionic surfactants

E g
o o o N — &

Aceclidine 1.75% | 1.75% | 1.75% | L.75% | L75% | L.75% | 1.75% | L.73% | 1L.75%
Tropicamide | 0.006% | 0.006% | 0.005% | 0.005% | 0.005% | 0.006% | 0.006% | 0.006% | 0.006% |

Mannito} 25% | 2.5% | 2.5% | 5% | 2.5% | 2.5% | 2.5% | 25% | 2.5%

Nonionic surfactant | 3.5% | 3.5% | 3.5% | 3.5% | 3.5% | 3.5% | 3.5% | 35% | 3.5%

NaCi 0.50% | 0.50% | 0.50% | 0.50% | 0.50% | 0.50% | 0.50% | 0.50% | 0.50%

HPHC 1E0% | 1.80% | 1.80% | 1.80% | L.BO% | 1.80% | 1.80% | 1.30% | 1.80%

BAK 0.02% | 0.02% | 0.02% | 0.02% | 0.02% | 0.02% | 0.02% | 0.02% | 0.02%

Phosphate butfer 3mM | 3mM | dmM | 3wM | 3mM | 3mM | 3mM | 3mM | 3mM
pH 500 5.00 5.00 5.00 5.00 5.00 500 5.00 560
Stinging 0.25 ¢ | 05 05 | 2 | ez 0-2 | 02 | 02

Redness lhr | 0.5 | 025 0,75 i 2.5 8.25- | 025 | 025 | 025

, 2. 2.5 7.5 2.5

Reading vs. 375 3.5 3 3 2 2-3.5 2-35 2-3.5 2-3.5

Baseline (40 cm)}
Duration (hours) 14 G 7 7 4 4.8 4.8 4-8 48
Efficacy Jodex | 37.5 315 21 21 8 8.37.5 | 837.5 | 8375 | 8375
read®dur
Omset (min) 2025 | 2025 | 20-25 | 20:35 | 30-40 | 20-40 | 20-40 | 20-40 | 20-40

Example 16, Use of a compound containing optimizing nonionic swrfaciant and antioxidani
additives and concentrations

Compositions

Acechidine 1.75% wiv

Tropicamide 0.010% wiv

Mannitol 2.50% wiv

Polysorbate 80 4.00% wiv

Na(l 0.00% wiv

HPMC 1.25% wiv {high MW egualing viscosity of about 400 cps units)
BAK 0.02% wiv

e
~}
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Sorbate 0.12
BAX 0.02
EDTA 0.01
Citrate buffer 3 mM
pH 5.00
Method

PCT/US2019/055116

{0280] 7 subjects instilied 2 drops each of the above formmulation in each eve about 5 minutes

apart.

Resnlis:

Comfort, duration and efficacy were assessed. Stinging upon instillation and over the first howr

was minimal for each sulyect with a score of 0.50 out of 4 for about 15 seconds. Redness over the

first hour was also minimal for each subject with a score of 9.25 out of 4 assessed at 20 minutes.

{mset of vision improvement occurred with the first 20 to 25 mimutes after instillation. For subject

! baseline near vision {1.e. 40 centimetersy was improved by 4.0 — 4.25 lines of visual acuity and

fasted for 11.5 hours. For subject 2 baseline near vision was improved by 3.5 Hnes of visual acuity

and lasted for 9.5 hours. The Efficacy Index score was 47.38 and 33.23, among the highest

achieved for any formulation.

Example 17. Aceclidine compositions for Cold Chain Storage (prophetic)

Table 11. Cold Chain Storage Compostiions

Composition CS#1 {842 5#3 C5#4 CS#5 CS#6 CS#7 C5#8
Aceclidine 1.75% | 1.75% | 2.50% | 4.00% | 2.00% | 1.65% | L.75% | 1.75%
Marmitol 2.50% | 2.50% | 2.50% | 2.50% | 2.30% . TE0% | 2.50%
Polysorbate 80 | 4.00% | 4.00% | 4.00% | 4.00% | 4.00% - 4.00% | 4.00%
HEMC 125% | 1.25% | 125% | 1.25% | 1.25% | 0.75% | 1.10% | 1.10%
Sodium Citrate | 0.10% | 0.10% | 0.10% | 0.10% | 0.10% 0.10% | 0.10%
BAK 0.02% | 0.02% | 0.02% | 0.02% - 0.02% | 0.02%
Sorbic Acid | 0.12% | 0.12% | 010% | 0.12% | 0.12% | 0.12% | 0.12% | 0.12%
Disodium o
Fdetate 0.10% | 0.10% | 0.10% | 0.10% - 0.10% | 0.10%
Dihydrate
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Sodium '
- - G.10% ~ . - < ~
Ascorbaie 3
Sediwe | | | 1 i s
- - “ 4.10% . - g = ~
bisulfaie 5
Sodim |
N 0.10% - -
metabisulfite
pH 5.0 6.0 6.0 6.5 6.5 7.0 5.0 6.0
W2 fill/purge Yes Yes Yes Yes Yes No CNo | No

Table 11. Cold Chain Storage Compositions {cont’d}

Composition | (349 | CS#I0 | CSRI1 | CSHIZ | CS#I3 | CSA14 | CRAIS | Cs#ie |
Aeocidine | 400% | 050% | 250% | 3.00% | 400% | 400% | 400% | 4.00% |
Marnnitol ~ ~ = R S “ - -

Polysorbate 80 “ - « - . S - .

HPMC - ~ - 0.75% | 1.25% | 1.25% | 1.25% | 1.25%

Sodign Citrate “ . . - | - 0.10% - .

BAK - - - - - - - -

Sorbic Acid - « - “ . - -

Disodium

Edetate = “ « - - « “ -

Dihydrate

Sodiven |

Ascorbate ) ) ) ) ’ ) )

Sodium ‘ ;

bisulfate ) ) ) - S DA%

T e — ____________ | v o
metabisulfite f

s 5.0 7.0 6060 6.0 6.0 6.6 6.0

NZ fill/purge Mo No Yes Yes Yes Yes Yes Yes

Table 11, Cold Chain Storage Composttions {cont’d)
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Composition | CS#17 | CS#IS | CS#19 | CS#20
Aceclidine | 4.00% | 4.00% | 4.00% | 4.00%
Marnitol | 2.50% | 2.50% | 2.50% | 2.50%
Polysorbate 80 | 4.00% | 4.00% | 4.00% | 4.00%
HPMC 1.25% | 125% | 1.25% | 1.25%
Sodium Citrate ¢ 0.10% - S (.25%
BAK 0.02% | 0.02% | 0.02% | 0.02%

Sorbic Acid | 0.12% | 0.12% | 0.12% | 0.12%

Dhsodinm
Edetate . )

Dihwydrate

Sodium

Ascorbate

Sodium ‘
. N K 0.10% - -
bisuifate

Sodium
- (.10%
metabisulfite

pH 6.0 6.0 6.0 6.

N2 fill/purge Yes Yes Yes

[}

-
[yl
w

AMethods

{281} Acecliding cold chain storage compositions C8#1-5 and 11-20 were filled into vials gach
under a nitrogen overlay followed by a nitrogen purge of remaining headspace, C5#6-10 were
filled into vials each under ambient air and headspace. 1 vial of each composition was stored at
25 degrees Celsius and the other was stored at 5 degrees Celsius,

Results

Table 12. Aceclidineg Cold Chain Storage Composition Stability

Composition | CS#9 | CS#10 | CS#11 | CS#12 | CSH13 | CS#14

20% s - - -

Siability

80
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{wesks)
5 Celsius
0%
L 7 8 12 25 | 15 14
Stability
{months)

Table 12. Aceclidine Cold Chain Storage Compostition Stability {cout’d)

Composition | OS#1S | CS#16 | CS#17 | CS#18 | CSH19 | 8§20
23 Celsius '
B0% Stability ~ - -
{weeks)
5 Celsiug
90% Stability 18 18 26 24 28 22
{months}

{92821 As seen in Figure 4, CS#3-5 contaiing 0.10% sodium ascorbate, $.10% sodiu bisulfate
or 0.10% sodiom metabisulifite were stable for about 2 months at 25 degrees Celsisus and for
about 26 months at 5 degrees Celsius.

[8283] As seen in Table 12, filling vials under a nitrogen overlay and nitrogen purge of the
headspace resulted in a cold storage stability increase of 4-5 months. The addition of HPMC
further increased stability another 3 months; sodiur citrate, sodivm bisulate or sodium
metabisulifite another 3 months: and the further addition of sorbic acid and BAK another 2
months further increased the lengih of stability. C8#20 increased stability up to 22 mounths.

Example 18 Stability in AMviar® lined Pouches
H % 3%

10284] Aceclidine formulations of the present invention were placed in containers that were
subsequently placed in biaxially-oriented polyethylene terephthalate lined pouches at <20, 5 and
25 C forup to 3 months. Aceclidine total related substances was recorded at 1,2, 3 and 6
months, Results of this study can be seen in Table 13, below.

[B285] Mylar® was used as the source of baxially-oriented polyethylene terephthalate. Mylaris
a registered trademark of and available from DuPont Teijin Films US Limited.

Table 13, Aceclidine Total Related Substances after Storage
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Conditlons Theo B Sraand A -
Unpouched {503 : S
Unpnuched (35C

Pouched {ECY
Potchad {25C1 D415
Pouched {-200)
Pouchad {5C

[3286] As seen in Table 13, the use of a Mylar® lined pouches helped maintain aceclidine
potency by reducing degradation rate. Specifically, compare Unpouched at room temperature
(25 () total % change of 4.46% to the -0.05% and 0.041% total % change of Pouched at room

temperature (25 Ch.
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WHAT IS CLAIMED IS:

1. A method of stabilizing a composition comprising aceclidine comprising storing the
composition in a container having a headspace at a temperature from about 2 degrees Celsius to
about § degrees Celsius.

2. The methd of claim 1, wherein the composition is filled into the container under an inert

gas overlay,

3. The method of claim 2, wherein the headspace is purged with an inert gas.
4. The method of claim 1, wherine the container comprises a closure and a vessel wherein a

portion of the closure and g portion of the vessel are sealed with an anti-leaching material
selected from the group consisting of biaxially-oriented polyethylene terephthalate,
polytetrafiuorethylene and aluminum foil.

S. The method of claim 1, wherein the container is disposed in a second container that 18
formed with or lined with an anti-leaching material selected from the group consisting of
biaxially-oriented polyethylene terephthalate, polytetrafluorethylene and aluminum foil.

6. The method of claim 1, wherein aceclidine is at a concentration from showt 0.25% to
about 4.0% w/v aceclidine, wherein w/v denotes weight by total volume of the composition.

7. The method of claim 1, wherein the method provides at least 0% stability of aceclidine
for at least 7 months.

8. The method of claim 5, wherein the method provides at least 90% stability of aceclidine
for at least 12 months.

9, The method of claim 1, wherein the composition further comprises a viscosily agent, a
polysorbate, a cryoprotectant and a preservative.

10, The method of claim 9, wherein the method provides at least 90% stability of aceclidine

for at least 18 months.

it The method of claim 9, wherein the viscosity agent provides a viscosity of at least 50
centipoise.
12. The method of claim 9, wherein the cryoprotectant is selected from the group consisting

of a a polyol, a sugar, an aleohol, a lower alkanol, a ipophihc solvent, a hydrophilic solvent, a
bulking agent, a solubilizer, a surfactant, an antioxidant, a cyclodextrin, a maltodextrin, colioidal

silicon dioxide, polyvinyl alcohol, 2-methyl-2,4-pentanediol, cellobiose, gelatin, polyethyiene

(0]
|78
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glyenl (PEG), dimethyl sulfoxide (BMSOY, formamide, antifreeze protein 752 or a combination
thereof.

13, The method of claim 9, wherein the preservative 1s selected from the group consisting of
henzalkonium chloride, sorbate, an antioxidant and a combination thereof.

14, The method of claim 11, wherein the antioxidant is selected from the group consisting of
sodium ascorbate, sodium bisuifale, soidum metabisuifite, n-acetyl cysteine and a combination
thereof.

15, A method of stabilizing a composition comprising acechidine, g viscosity agent, and a
nonionic surfactant comprising storing the composition n a coniainer having a headspace at a
temperature from about 2 degrees Celsius to about § degrees Celsius, wherein the composition is
filled into the container under a nitrogen overlgy and the headspace 13 purged with nitrogen and
wherein the composition provides a low shear {1/sec) viscosity from about 50 to about 1060
centipoise and a high shear (1:1000/sec} of about 0.5 or less centipoise.

16, A method of stabilizing a compostiion comprising aceclidine, hydroxypropylmethyi
cellnlose, polysorbate 80, mannitol, sorbate and an antioxidant selected from the group
consisting of sodiwm ascorbate, sodium bisulfate, soidum ruetabisulfite, nacetyl cysteine or a
combination thereof comprising storing the composifion in a container having a headspace at a
temperature from about 2 degrees Celsius to about 8 degrees Celsius, wherein the composition is
filled into the container under a nitrogen overlay and the headspace is purged with nitrogen.

17, The method of claim 16, wherein the aceclidine 19 at a concentration from about §.25% o
about 4.00% w/v, the hydroxypropylmethyl cellulose is at 3 concentration from about $.75% 1o
about 1.25% w/v, polysorbate 80 is at a concentration from about 2% to about 4% w/v, mannitol
is at a concentration from about 2% to about 4% w/iv, sorbate 18 at a concentration from about
0.10% to about $.12% w/v and the antioxidant is at a concentration from about .10% to about
0.25% wiv, wherein w/v denotes weight by total volume of the composition.

18, The method of claim 17, wherein the method provides at least 90% stability of aceclidine
for at least 20 months.

9. The method of claim 18, wherein the method provides at least 90% stability of acechidine
for at least 22 mounths.

20, A container comprising aceciidine prepared by the process comprising the steps of!

a} providing a container;
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b} filling the container with a composition comprising aceclidine under an inert gas overlay;

¢} purging a headspace created during the filling step b} with an inert gas;

d} capping the containey.

21 The container of claim 20, wherein the process further comprises the step of storing the
container at a temperature from about 2 to about 8 degrees Celsius,

22, The container of claim 28, wherein the compeosition further comprises a preservative
selected from the group consisting of sorbate, benzalkonim chioride, sodinm ascorbate, sodium
bisulfate, soidum metabisulfite, n-acetyi cysteine and a combination thereof.

23, The container of claim 20, wherein the composition has a viscosity of at least 5¢
centipoise,

24, A composition comprising from about 0.25% to about 4.0% w/v aceclidine and one or
mare means of stabilizing the composition selected from the group consisting of filling the
comuposition nto a container under an inert gasoverlay and purging a headspace created during
filling with an inert gas, having a total viscosity of the composition of at least 50 centipoise or
more, adding g preservative to the composition selected from the group consisting of sorbate,
benzalkonim chloride, sodium ascorbate, sodium bisulfate, soidum metabisulfite, n-acety]
cysteine and a combination thereof,

wherein the coraposition 1s stored at a temperature from about 2 1o about 8 degrees Celsisus and
wherein w/v denotes weight by total volume of the composition.

25, A method of sisbilizing a coroposition coraprising gceclidine comprising sioring the
composition in a container having a headspace at a temperature from about 22 degrees Celsias to
about 25 degrees Celsius, wherein the cortainer comprises g closure and a vessel wherein a portion
of the closure and a portion of the vessel are sealed with an anti-leaching material selected from
the group consisting of bisxially-oriented polyethylene terephthalate, polytetrafluorethylens and
aluminum foil and/or the container is disposed in a second container that is formed with or lined
with biaxially-oriented polyethylene terephthalate, polvietrafluorethviene and shuminum foil,
26. The method of claim 25, wherein the second container comprises a second closure, wherein
the second closure provides an airtight seal.

27. The method of claim 26, wherein the airtight seal 18 resealable.

o0
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