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COMPOSITIONS AND METHODS FOR TREATMENT OF INFLAMMATION OR
INFECTION OF THE EYE

BACKGROUND OF THE INVENTION

(0001} Topical corticostercids are routinely used 1o control ocular inflammation. Their
mechanism of action involves the inhibition of the immune response and the subsequent tissue
destruction that exuberant inflarnmation may cause. Corticosteroid has the undesirable side
effect of limiting the body's intrinsic ability to fight infection. In fact, inopportune steroids
usage can worsen the course of an infection secondary {o bacteria, mycobacteria, virus, or

fungus.

(0002} Thus, the use of a combined antimicrobial-steroid medication in ocular infections is
recommmended only under careful observation of a trained ophthalmologist because of these
significant risks. In fact, TOBRADEX (Alcon), the most commonly prescribed combination
ophthalmic antimicrobial-steroid drug, specifically lists “viral disease of the comea and
conjunctiva, mycobacteria infection, and fungal infection’ as absolute contramdications to its

use.

0003} Povidone-iodine (PVP-1) is a well-known antiseptic. There 15 no known antibiotic,
fungal or viral resistance to PVP-I and no known species of yeast or fungus that cannot be
eliminated with PVP-1. PVP-Thas also been shown to inhibii the formation of biofilms and to

eliminate biofilms that have already formed.

(0004} In U8 Pat. No. 7,767.217, it is shown that under certain specific conditions,
dexamethasone can be combined with povidone-iodine (PVP-I) to form an effective
antimicrobial-steroid pharmaceutical solution. However, i 1s also shown that most preparations
which combine PYP-I (or iodine) with a steroid suffer frominstability due, 10 part, to reactivity
of the iodine with the steroid. In fact, U.S. Pat. No. 3,886,268 demonsirates the well-known
mstability of sieroid-iodine combinations. The ‘217 patent, and its progeny, donot disclose the
use of DMSO as a solvent in any of the described compositions, and do not disclose a topical
gel formulation comprising povidone-iodine and a corticosteroid with DMSO and a gelling

agent.
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10005} 1t 1s widely taught that large molecules like povidone-iodine can only act on surfaces
and cannot be used to penetrate skin and/or skin structures. Certain organic solvents are known
1o enhance the percutaneous absorption of medicaments, including dimethyl sulfoxide
(DMSO). However, DMSO has, in the past, been used and described only as a transportation
enhancer for small molecules and low molecular weight (LMW) drugs. It has been widely
taught for decades that large, charged molecules, high-molecular weight (HMW) substances
and polvmers could not be effectively transported across membranes by using DMSO as a
penetration enhancer. One skilled in the art would not normally employ DMSO to enhance
skin penetration of large molecules, polymers or charged, high-molecular weight substances,

such as povidone-iodine.

[0006] Topical formulations comprising DMSO as a penetration enhancer for small molecules
are known. For example US Pat No. 7,462,362 to Kepka, and US Pat. No. 6,391,879 to
Reeves, describe antifungal compositions comprising a conventional antifungal active
mgredient, such as the squalene epoxidase inhibitors, terbinatine (an allvlamine) or tolnafiate
{(a thiocarbamate), for topical admunistration and treatment of skin or nail fungal infection. The
subject composition is free of conventional antifungal active ingredients such as the squalene

epoxidase inhibitors.

{0007} Tarrand, in US Pat. No. 8,512,724 describes a topical skin antiseptic compostiion, but
is intended to not penetrate the skin and requires less than about 25% DMSO in the
formulations. Although povidone-iodine is mentioned as a potential antiseptic m the
formulations, there is no mention of anti-inflammatories, such as a corticosteroid. The subject
composition comprises povidone-iodine, a corticosteroid, and DMSO in a topical gel

formulation.

{0008} A foam formulation has also been described by Friedman in Publication No. US
2007/0292359, which requires the presence of polypropvliene glveol alkvl ether. The subject
composifion 15 a stable, topical gel formulation which s not a foam and does not include
palvpropviene glycol alkyvl ether. Yet a further composition comprising DMSO and povidone
todine is an injectable, oil-in-water dispersion described in US Pub. No. US 2003/0049320 to
Bhagwatwar, et al. The current composition is not an injectable composition, and comprises

povidone-iodine and corticosteroid dissolved in DMSO; 1t 1s not an oil-in~water dispersion.

[0009] More recently, the mventors of the subject invention have described topical

compositions comprising povidone-iodine in DMSQO. See for example, US Publication Nos.
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2014/0205559 and 2015/0335676. However, these compositions are steroid-tree and therefore
do not include an anti-inflammatory agent useful for treating inflammation associated with
ophthalmic nfections. Accordingly, the stability disadvantages for the sieroid in the presence

of povidone~iodine or DMSO are not contemplated or addressed by these forroulations.

[00010] 1t is surprisingly shown for the first time that DMSO can be used to enhance the
efficacy and skin penetration of a large molecule like povidone-todine, as well as a
corticosteroid, when used to treat vival, fungal, or bacterial skin infections and demodex
infections of the eye and evelid, and wherein said formulation is highly stable at room

teraperature.

(3
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SUMMARY OF THE INVENTION

160011} The imvention relates to stable topical gel formulations useful in the treatment
of mflaramation or infection of the eve, including but not limited to viral nfection, fungal
imfection, demodex infection and bacterial infection of the evelid, skin or tissue surrounding
the eye, and ocular or corneal tissue. The invention further concerns a method of treating
inflammation or infection of the eye, including but not limited to viral infection, fungal
mfection, demodex infection and bacienial infection of the evelid, skin or fissue swrrounding
the eve, and ocular or comeal tissue. In particular, the subject nvention includes gel
compositions comprising povidone-iodine and a corticosteroid in DMS(O, wherein the
composifions can be useful for treatrment of viral or bacterial conjunctivitis, blephantis, or

mfectious comeal ulcers.

[00012] This mvention discloses the surprising discovery of a novel and highly stable
gel composition comprising povidone-todine, at least one corticosteroid, and DMSO for

treating infection of the eye or tissue swrrounding the eye, including the eyelid.

[00013] it is surpnisingly shown that the composition of the subject invention is highly
stable at room temperature. The subject composition is further advantageous in that the
therapeutically effective amount of steroid can be lower than typically used for ophthalmic
compositions indicated for the same treatment. A gel formulation comprising, for example,
0.25% PVP-I and from 0.25% to 1.0% predmsolone which can be dissolved within the gel
forraulation 1s highly stable at room temperature for extended periods of time, comparatively
fonger than other corticosteroid compositions comprising higher concentrations of the steroid
end higher concentrations of the povidone-iodine.  Although not tied to anv particular theory,
the gel formulation comprising DMSO 15 believed to (1) increase the solubility of the salt-free
steroid components in the gel formulation, or (2) prevent or reduce reactions between the
steroid and povidone-iodine such that stability of both components is increased, especially the

stability of the composilion at room termperature,

[60014] The gel composition of the invention can advantageously be stored in HDPE or

LDPE containers sven at low concentration.

[00015] The DMSO in the composttion of the subject invention has no known toxicity

on the ocular surface when admunistered as part of the subject gel composition.
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[00016] In addition, the gel formulation of the subject composition is non-irntating to

the ocular tissue or tissue suirounding the eye.

{00017} In addition, the low-dose PVP-I (ie, about 025% w/w} and sieroid
combinations are stable at a relatively more neuiral pH {(about 3.5-6) than corresponding
aqueous preparations of low-dose PVP-1 which require significantly more acidic (pH ranges of

2-3 .4} conditions in order to preserve stability.

{0001 8] The present invention employs a combination of a} an antiseptic, which is
povidone 1odine; b) a non-ionic form of a steroid anti-mflammatory, which in one non-hmiting
exarmple 1s prednisolone and/ or the salt form of a steroid anti~inflaromatory, which in one non-
limiting example is prednisolone acetate and ¢) dimethyl sulfoxide (DMSO). This previously
unknown combination can advantageously deliver an effective therapeutic dose of a
medicament to the eve for treatment of inflamnmation or infection of the eve, including but not
limited to demodex infection and bacterial infection of the evelid, skin or tissue swrounding
the eve, and ocular or cormneal tissue. In particular, the subject invention includes gel
compositions comprising povidone-iodine and a corticosteroid 1 DMSO, wherein the
compositions can be usefil for treatment of viral or bacterial comjunctivitis, blepharitis, or

mnfectious corneal ulcers.

[00019] In an embodiment, disclosed herein is an ophthalmic gel composition suitable
for topical administration fo an eye, effective for treatment and/or prophylaxis of a
microorganism infection or a disorder of at least one tissue of the eve, comprising povidone-
iodine in a concentration between 0.019% and 10%, or (.1%-5%, or 0.153%-0.75%, or {.25%-
(.60% and asteroid, e.g., a corticosteroid or its salt or ester, selected from the group consisting
of prednisolone or prednisolong acetlate, loteprednol etabonate, diftuprednate, and
combinations thereof. In an embodiment, the povidone-iodine is between 0.1% and 2.5% by
weight. In an embodiment, the povidone-iodine is between 0.5% and 2% by weight. In an
embodiment, the total weight of the povidone-~iodine and the steroid is between 0.1% and 4.5%
in the solution. In an embodiment, the stercid is at a concentraiion of between 0.01 and 2%. In
an embodiment, the steroid is at a conceniration of between 0.05 and 1%. A preferred
embodiment of the formulation can be a gel composition comprising greater than 30% DMSQ;
0.25% povidone-todine; and a corticosteroid selected from 1.0 % preduisolone or a salt or ester

thereof: 0.50 % difluprednate, or a sali or ester thereof, and 0.5% loteprednol or a salt or ester

o
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thereof: an optional co-solvent, and a gelling agent, wherein the co-solvent and gelling agent

malke up the balance of the composition.

{00020} In an embodiment, disclosed herein is a pharmaceutical composition comprising
povidone-iodine in a concentration between 0.01% and 10%, and a stercid selected from the
group consisting of prednisolone acetate, loteprednol etabonate, difluprednate, and
combinations thereof, wherein the steroid 1s at a concentration of between 0.05 and 1%. In an
embodiment, the PVP-T1s at a concentration of about (.25%. In an embodiment, the steroid is
at a concentration selected from the group consisting of about 1.0%, about 0.50%, about 0.25

%. 0.1%, about 0.05% and about 0.005%.

100021} In an embodiment, an ophthalmic composition further comprises a composition
that 1s free of a topical anesthetic because, advaniageocusly, the subject composition is non-

burning and non-uritating to the ocular surface and skin surrounding the eve.

[60022] in an embodiment, an ophthalmic composition 1s further free of an antimicrobial
preservative.
[00023] In an embodiment, an ophthalmic compaosition optionally further comprises a

co-solvent, surfactant, emulsifier or wetting agent. In an embodiment comprising a co-solvent,
surfactant, emulsifier or wetting agent, the agent can be selected from the group consisting of
polysorbate 20, polysorbate 60, polysorbate &0, Pluronic F-68, Pluronic F-84, Pluronic P-103,
cyvclodexinn, tyloxapol and the like, and combinations thereof. In an embodiment compnsing
co-solvent, surfactant, emulsifier or welting agent, the agent can be provided at a concentration

of about 0.01% to 2% by weight m satd composition,

[00024] In an embodiment, an ophthalnuc composition further comprises viscosity
increasing, or gelling agent. In an embodiment, the viscosity increasing agent is selected from
the group consisting of polvvinyl alcohol, polyvinylpvrrolidone, or a celiulosic gelling agent
such as methyl cellulose, hydroxypropyl methylcellulose, hyvdroxyethyl  cellulose,
carboxymethylcellulose, hydroxy propvl cellulose, or the like, and a combination thereof In
an embodiment, the viscosity increasing agent is at a concentration of about (¢.01% to 5% by

weight in said solution.

[00025] In an embodiment, an ophthalmic composttion is in the form of a solution,

suspension, emulsion, ointment, cream, gel, or a controlled-release/sustain-release vehicle.

6
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[00026] in an embodiment, a microorganism treated or prevented by prophyvlaxis using
a composition encompassed herein 1s selected from the group consisting of bacieria, viruses,

fungt, and amoebae. In an aspect, bacieria 1s mycobacteria.

[60027] In an embodiment, a disorder treated using an ophthalmic composition
encompassed herein is selected from the group consisting of a microorganism infection of at
feast one tissue of the eve, including bui not limited to viral or bacterial comjunctivitis,
blepharitis, conical abrasion, comneal ulcer, vlcerative infectious keratitis, epithelial keratitis,

stromal keratitis and herpesvirus-related keratitis.

[00028] In an embodiment, an ophthalmic composition 1s used for prophylaxis of

infaction following corneal abrasion or ocular surgery.

100029 in an embodiment, an ophthalmic composition comprises:
0.1 to 1% (w/w) polyvinvipyrrolidone-iodine;
0.05 10 2% (w/w) steroid;
greater than 30% DMSO; and
0.1 1o 5.0% (w/w} hydroxyethylcellulose;
wherein the steroid is selected from the group consisting of predmsolone acetate, loteprednol

etabonate, difluprednate, and combinations thereof,

00030} In an embodiment, an ophthalmic composition comprises:
0.25 % (w/w} polyvinylpyrrolidone-iodine;
0,05 to 1 % (w/w) steroid;
greater than 30% DMSO; and
0.1 to 5.0% (w/w} hydroxvethylcellulose;
wherein the steroid is selected from the group consisting of prednisclone acetate, loteprednol

etabonate, difluprednate, , and combimations thereof.

{0003 1] in an embodiment, an ophthalmic composition comprises:
0.25 % (w/w} polyvinylpyrrolidone-iodine;
1 % (w/w) prednisolone or salt or ester thereof;
greater than 30% DMSO; and

0.1 to 5.0% (w/w) hvdroxyethvlcellulose.

00032 In an embodiment, an ophthalmic composition comprises:
)
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0.25 % (w/w} polyvinylpyrrolidone-iodine;
0.05 % (w/w} difluprednate or a salt or ester thereof,
greater than 30% DMSO; and

0.1 to 5.0% (w/w) hvdroxyethvlcellulose.

[00033] In an embodiment, an ophthalmic composition comprises:
0.25 % (w/w) polyvinvipyrrolidone-iodine;
0.50 % {w/w) loleprednol or a salt or ester thereof]
greater than 30% DMSO; and

0.1 10 5.0% (w/w) hvdroxyethylcellulose.

00034 In an embodiment, an ophthalmic composition retaing 95% of iis
polyvinylpyrrolidone-iodine and 95% of its steroid after a period of 1 month. In an
embodiment, an ophthalmic composition retains 90% of s polvvinvipvrrolidone-iodine and
9% of 1is steroid after a period of 3 months. In an embodiment, an ophthalmic composition

retains 90% of iis polyvinyipyrrolidone-iodine and 90% of its steroid after a period of 1 month.

[00035] In an  embodiment, an  ophthalmic  composition  comprising
polyvinyvipyrrolidone-iodine (PVP-1) and at Jeast one steroid retains about 89% of its PVP-I
after a period of 1 month, about 90% of its PVP-I after a period of 1 month, about 91% of iis
PVP-1 atter a period of 1 month, about 92% of its PVP-1 after a period of 1 month, about 93%
of its PVP-I after a period of 1 month, about 94% of its PVP-I after a period of 1 month, about
94% of its PV P-1 after a period of 1 month, about 95% of 1ts PVP-1 after a pertod of 1 month,
about 96% of its PVP- after a period of 1 month, about 97% of its PVP-I after a period of 1
month, about 98% of its PVP-I after a period of 1 month, or about 99% of its PVP-1 after a

period of 1 month.

00036} In  an  embodiment, an  ophthalmic  composition  comprising
polyvinyipyrrolidone-iodine (PVP-1) and at feast one steroid retains about 89% of its PYP-{
after a period of 3 months, about 90% of its PVP-I after a period of 3 months, about 91% of its
PVYP-I after a period of 3 months, about 92% of s PVP-1 after a period of 3 months, about
93% of its PV P-I after a pertod of 3 months, about 94% of its PVP-1 after a period of 3 months,
about 94% of 1ts PV P-1 after a period of 3 months, about 95% of its PVP-1 after a period of 3
months, about 96% of its PVP-I after a pertod of 3 months, about 97% of its PVP-I after a
period of 3 months, about 98% of its PVP-I afier a period of 3 months, or about 99% of its

PYP-1 atter a period of 3 months.
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[00037] In an embodiment, an ophthalmic composition comprising PYP-I and at least
one steroid retains about 89% of its at least one steroid after a period of 1 month, about 90%
of its at least one steroid after a period of 1 month, about 91% of its at least one steroid after a
period of 1 month, about 92% of 15 at least one steroid after a period of 1 month, about 93%
of its at least one steroid after a period of 1 month, about 94% of its at least one steroid afier a
period of 1 month, about 94% of its at least one steroid after a pertod of 1 month, about 95%
of its at least one steroid after a period of 1 month, about 96% of its at least one steroid afier a
period of 1 month, about 97% of its at least one steroid after a period of 1 month, about 98%
of its at feast one steroid after a period of 1 month, or about 99% of its at least one steroid after

a period of 1 month,

[00038] in an embodiment, an ophthalmic composition comprising PVP-1 and at least
one steroid retains about 89% of 1t at least one steroid after a period of 3 months, about 90%
of its at least one steroid after a period of 3 months, about 91% of its at least one steroid after
a period of 3 months, aboul 92% of its at least one steroid afier a period of 3 months, about
93% of 1ts at least one steroid after a period of 3 months, about 94% of its at least one steroid
after a period of 3 months, about 94% of its at least one stercid after a period of 3 months,
about 95% of its at least one steroid after a period of 3 months, about 96% of iis at least one
steroid after a period of 3 months, about 97% of its at least one steroid after a period of 3
months, about 9% of its at least one steroid after a period of 3 months, or about 999% of its at

feast one steroid after a period of 3 months.

[00039] In an embodiment, an ophthalmic composition is a homogeneous gel and the
active ingredients, namely the povidone-iodine and steroid, are dissolved in the compostition

and are not an oil-in-water dispersion.

{00040} In an embodiment, a method is provided for treating and/or prophyiaxis of an
eve disorder or a microorganism infection of at least one tissue of the eve comprising the step
of admunistering one of more doses of an ophthalmic composition encompassed herein to the
eve. In an embodiment, the prophylaxis 1s prophylaxis of infection following comeal abrasion
or ocular surgery. In an embodiment, the eve disorder is selected from the group consisting of
a microorganism infection of at least one tissue of the eve, viral of bacterial comjunctivitis,
blepharitis, comeal abrasion, corneal ulcer, ulcerative infectious keratitis, epithelial keratitis,
stromal keratitis and herpesvirus-related keratitis. In an embodiment, the microorganism is a

bacteria, virus, fungi, or amoebae. In an embodiment, the bacteria is mvcobacteria.

9
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100041} In an embodiment, in a method of treatment, the sum of the povidone-iodine
and the steroid is between 0.001 mg to 5 mg per dose. In an embodiment, in a method of
treatment, each dose 13 between 10 mucroliters to 200 mucroliters, In an embodiment, in 2
method of treatment, each dose 1s between 50 microliters to 80 microliters. In an embodiment,
in a method of treatment, the administening step comprises administering a composiiion
encompassed herein to an eye one {o four times a day. In an embodiment, in a method of
treatment, the admunistering step comprises administering a cornposition encompassed herein
to an eve one to twenty-four times a day. In an embodiment. in a2 method of treatment, the
method includes storing the composition for at least one month, at least three months, at least

six months, or at feast 1 vear before the admimistration step.

X0



WO 2017/193060 PCT/US2017/031390

BETAILED DESCRIPTION OF THE INVENTION

100042] The present invention incorporates an anhydrous penetration enhancer, eg.,
BMSQ, and an 1odophor, preferably povidone-todine (PVP-1}, and a steroid. The invention is
surprisingly useful for the treatment of conditions afflicting the eye or tissue surrounding the
eve, such as viral or bacterial conjunctivitis, biepharitis, and infectious corneal ulcers, demodex

infection and infection of the skin surrounding the eve or evelids.

{00043 A specific but non-limiting example of a formulation that leads to a useful
pharmaceutical preparation consists of solid PVP-I and a steroid, e.g., a corticosteroid,
dissolved in DMSO, and formulated using a gelling agent to provide a gel composition having

a high degree of stability at room temperature.

{00044} In another embodiment, DMSO can be added to agueous sohitions of PVP-1. In
an example DMSO can be present as a co-solvent with water n the range of 10%-99%. One
embodiment of such a formulation could include a range of excipients such as sodium chloride,
sodium dihvdrogen phosphate monohvdrate, disodium hydrogen phosphate anhvdrous and

water, as well as others known to those skilled in the art.

[00045] Percentages set forth herein are weight/weight (w/w), with respect to the
specified component in the overall composition, unless otherwise indicated. For example, a
composition comprising 0.25 % PVP-I and 45% DMSO has 0.25 % PVP-I by weight, with

respect to the total weight of the composition.

{00046} In an embodiment, a composition comprises povidone-ioding in the range of
about 0.01% to about 15%. In another embodiment, a composition comprises povidone-iodine
in the range between 0.05% and 12.5%. In another embodiment, a composition comprises
povidone-iodine in the range between 0.05% and 10.0%. In another embodiment, a
composition comprises povidone-iodine in the range between 0.1% and 10.0%. In another
embodiment, a composition comprises povidone-iodine in the range between 0.1% and 5.0%.
In another embodiment, a composition comprises povidone-iodine in the range between 0.25%
and 9.0%. In another embodiment, a composition comprises povidone-iodine in the range
between 0.2% and 2.5%. In another embodiment, a composition comprises povidone-iodine in
the range between 0.5% and 7.5%. %. In another embodiment, a composition comprises
povidone-iodine in the range between 0.5% and 1.0%. In another embodiment, a composition

comprises povidone-ioding in the range between 0.75% and 5.0%, and in yel another

(B
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embodiment, between 1.0% and 4.0%. In an embodiment, a composition comprises povidone-
todine 1 the range of about (.1% to about 2.5%, about 0.2% to about 2.0%, about 0.3% to

about 1.0%, and about 0.4% to about 0.75%.

{00047} In an embodiment, a composition comprises povidone-ioding, or PVP-L1in the
range of about 0.01% to about 15%. In another embodiment, a composition compiises PVP-1
int the range between 0.05% and 12.5%. In another embodiment, a composition comprises PVP-
I in the range between 0.05% and 10.0%. In another embodiment, a composition comprises
PVP-1in the range between 0.1% and 10.0%. In another embodiment, a composition comprises
PYP-1in the range between 0.1% and 5 0%. In another embodiment, a composition comprises
PVYP-lin the range between 0.25% and 9.0%. In another embodiment, a composition comprises
PVP-1in the range between 0.2% and 2.5%. In another embodiment, a composition comprises
PVP-I in the range between 0.5% and 7.5%. %. In ancther embodiment, a composition
comprises PVP-I in the range between 0.5% and 1.0%. In another embodiment, a composition
comprises PVP-I in the range between 0.75% and 5.0%, and in yet another embodiment,
between 1.0% and 4.0%. In an embodiment, a composition comprises PV P-I in the range of
about 0.1% to about 2.5%, about 0.2% to about 2.0%, about 0.3% to about 1.0%, and about

0.4% to about 0.75%

{00048} Compositions disclosaed herein may comprise one or more steroids. Steroids
include, but are not limited o, dexamethasone, dexamethasone alcohol, dexamethasone sodium
phosphate, fluromethalone acetate, fluormethalone acetate, fluromethalone alcohol,
fotoprednol etabonate, medrvsone, prednisolone acetate, predmisolone sodium phosphate,
difluprednate, rimexolone, hvdrocortisone, hydrocortisone acetate, lodoxamide tromethamine,
and any combinations thereof. In an embodiment, a steroid s present in the composition at a
level of about ¢.001% to about 10%. In an embodiment, a steroid is present in the composition
or preparation at a level of 0.001%, 0.002%, 0.003%, ¢.004%, 0.005%, 0.006%, 0.007%
(.008%, 0.009%, 0.01%, 0.02%, 0.03%, 0.04%. 0.05%, 0.06%, 0.07%., 0.08%, 0.09%, 0.1%,
0.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9%, 1.0%, 1.1%, 1.2%, 1.3%, 1.4%, 1.5%,
1.6%, 1.7%, 1.8%, 1.9%, or 2.0%. In an embodiment, a stercid is present in the composition
or preparation at a level of about $.001%, about 0.002%, about 0.003%, about 0.004%, about
(.005%, about 0.006%, about 0.007%, about 0.008%, about 0.009%, about 0.01%, about
0.02%, about 0.03%, about 0.04%, about 0.05%, about 0.06%, about 0.07%, about $.08%,
about 0.09%, about 0.1%, about 0.2%, about 0.3%, about .4%, about 0.5%, about 0.6%, about

(0.7%, about {.8%, about 0.9%. about 1.0%, about 1.1%, about 1.2%. about 1.3%, about 1 4%,

iz
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about 1.5%, about 1.6%. about 1.7%. about 1.8%, about 1.9%, or about 2.0%. In an
embodiment, a steroid is present in the composition or preparation at a level of about 0.001%
or less, about 0.002% or less, about 6.003% or less, about 0.004% or less, about 0.005% or
less, about 0.006% or less, about 0.007% or less, about 0.008% or less, about 0.009% or less,
about 0.01% or less, about 0.02% or less, about 0.03% or lass, about (.04% or less, about
(0.05% or less, about 0.06% or less, about 0.07% or less, about 0.08% or less, about 0.09% or
less, about 0.1% or less, about 0.2% or less, about 0.3% or less, about $.4% or less, about 0.5%
or less, about 0.6% or less, aboui 0.7% or less, about 0.8% or less, about 0.9% or less, about
1.0% or less, about 1.1% or less, about 1.29% or less, about 1.3% or less, about 1.4% or less,
about 1.5% or less, about 1.6% or less, about 1.7% or fess, about 1.8% or less, about 1.9% or
less, or about 2.0% or less. In an embodiment, a steroid is present in the composition or
preparation at a tevel of about 0.001% or more, about 0.002% or more, about 0.003% or more,
about 0.004% or more, about 0.005% or more, about €.006% or more, about 0.007% or more,
about 8.008% or more, about 0.009% or more, about 0.01% or more, about 0.02% or more,
about 0.03% or more, about 0.04% or more, about 0.05% or more, about .06% or more, about
0.07% or more, about 0.08% or more, about 0.09% or more, about 0.1% or more, about 0.2%
or more, about 0.3% or more, about 0.4% or more, about 0.3% or more, about 0.6% or more,
about 0.7% or more, about $.8% or more, about 0.9% or more, about 1.0% or more, about 1.19

or more, about 1.2% or more, about 1.3% or more, about 1.4% or more, aboul 1.5% or more,
about 1.6% or more, about 1.7% or more, about 1.8% or more, about 1.9% or more, or about

2.0% or more,

[00049] In another embodiment, a composition comprises PVP-{ at about 1%, about 2%,
about 3%, about 4%, about 5%, about 6%. about 7%, about 8%, about 9%. about 10%. In
angther embodiment, a composition comprises PYP-I at about 0.1% or less, about 0.5% or less,
about 19 or less, about 2% or less, about 3% or less, about 4% or less, about 5% or less, about
6% or less, about 7% or less, about 8% or less, about 9% or less or about 10% or less. In another
embodiment, a composition comprises PVP-I at about 0.01% or more, about 0.05% or more,
about 0.075% or more, about 0.1% or more, about 0.2% or more, aboui 0.3% or more, about
(.4% or more, about $.5% or more, about $.6% or more, about 0.7% or more, about 0.8% or
more, about 0.9% or more, about 1% or more, about 2% or more, about 3% or more, about 4%
or more, about 5% or moreg, about 6% or more, about 7% or more, about 8% or more, aboul
9% or more or about 10% or more. In another embodiment, a composition comprises PVP-I at

(.001%, 0.6 , 0.01%, 0.05%, 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.6%, 0.7%, 0.8%, 0.9%,
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1.0%, 1.25%, 1.5%, 1.75%, 2.0%, 2.25%, 2.5%, 2.75%, 3.0%, 3.5%, 4.0%, 4.5%, 5.0%, 6.0%
7.0%, 8.0%, 9.0% or 10.0%.
[00G50] In an embodiment, a composition comprnises DMSGO and PVP-L In an

embodiment, a composition consists essentially of DMSO and PVP-L In an embodiment, a
compaosition consists of DMSO and PVP-L In an embodiment, a composition is anhydrous. In
an embodiment, a composition is substantially anhydrous. In an embodiment, a composition

comprises a measurable amount of water.

(000511 In an embodiment, anhydrous DMSO is used in a composition. In an
embodiment, substantially anhydrous DMSO 1s used in a composifion. It will be understood
by one of skiil in the art that DMSO can be produced and/or obtained in differing grades, and
that one of the variables among DMSO preparations of different grades is the waler content.
By way of example, DMSO may be completely anhvdrous (also referred to herein simply as
"anhydrous”}, substantially anhvdrous, or may contain water to a measurable degree. It will be
wunderstood that the amount of measurable water in a DMSO preparation may vary based on
timitations of the instrumentation and techniques used to make such measurements. Tn an
embodiment, DMSO that is not completely anhvdrous may be substantially anhydrous and
contain water at a level below levels of detectability. In an embodiment, DMSO that is not
completely anhydrous may contain water, wherein the water content is about at least 4.01%,
about at least 0.02%, about at least 0.03%, about at least 0.04%, about at least 0.05%, about at
least 0.06%, about at least 0.07%, about at least 0.08%, about at least 0.09%, about at least
0.1%, about at least 0.2%. about at least 0.3%, about at least 0.4%, about at feast 0.5%, about
at feast 0.6%, about at least 0.7%, about at least 0.8%, about at least $.9%, aboui at least 1.0%,
about at least 1.5%, about at least 2.0%, about at least 2.5%, about at least 5%, about at least
7.5%, about at least 10%, about at least 12.5%, or greater. In an embodiment, DMSO that 1s
not completely anhvdrous may contain waler, wherein the water content 1s about less than
0.01%. about less than 0.02%, about less than 0.03%, about less than 0.049%. about less than
(0.05%, about less than 0.06%, about less than 0.07%, about less than 0.08%. about less than
(0.09%, about less than $.1%, about less than 0.2%, about less than 0.3%, about less than 0.4%,
about legs than 0.5%, about legs than 0.6%, about less than 0.7%, about less than 0.3%, about
fess than 0.9%, about less than 1.0%, about less than 1.53%. about less than 2.0%. about less
than 2.5%. about less than 5%, about less than 7.5%, about less than 10%, about less than
12.5%, or greater. It will be understood that DMS{ may contain one or more other impurities

it addition to water.
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100052] In an embodiment, a composition comprises povidone-iodine, a penetrant, and
further comprises water. In an embodiment, a composition comprises an anvhydrous iodophor
and/or an anvhydrous penetrant, and further comprises water. In an embodiment, a composition
comprises PVP-I, DMSO, and further comprises water. In an embodiment, a composition
comprises povidone-iodine and a penetrant, and further comprises water, wherein the water
content 1s about at least 0.01%, about at least 0.02%, about at least 0.03%, about at least 0.04%,
about at least 0.05%, about at least 0.06%, about at least 0.07%. about at least 0.08%, about at
least 0.09%, about at least 0.1%, about at least 0.2%, about at least 0.3%, about at least 0.4%,
about at least 0.5%, about at least 0.6%, about at least 0.7%, about at least 0.8%, about at least
0.9%, about at Teast 1.0%. about at least 1.5%, about at least 2.0%, aboui at feast 2.5%, aboul
at least 5%, about at least 7.5%, about at least 10%, about at least 12.5%. or greater. In an
embodiment, a composition comprises povidone-iodine and a penetrant, and further comprises
waler, wherein the waler content is about less than 0.01%, about lese than 0.02%., about less
than ©.03%, about less than $.04%, about less than 0.03%, about less than 0.06%, about less
than 0.07%, about less than (.08%, about less than 0.09%, about less than (.1%, about less
than 0.2%, about less than $.3%, abowt less than 0.4%, about less than 0.5%, about less than
0.6%, about fess than 0.7%, about less than ©.8%, about less than 0.9%, about less than 1.0%,
about less than 1.5%, about less than 2.0%. about less than 2.5%, about less than 5%, about
fess than 7.5%, about less than 10%, about less than 12.5%, or greater. In an embodiment, a
composition comprises povidone-iodine and a penetrant, and further comprises water, wherein
the water content is about 0.01% to about 12.5%, about 0.02% to about 10.0%, about 0.03% 1o
about 7.5%. about 0.04% to about 59, about 0.05% to about 2.5%. about 0.06% to about 2%,
about 0.07% to about 1.5%. about 0.08% to about 1%, about 0.09% to about 0.9%, about 0.1%
to about ©.8%, or about 0.2% to about 0.7%. In an aspect, the water may be derived from a
component of the composition. In another aspect, the water may be specifically added to the

composiion,

{00053 In an embodiment, a composition comprises at leasi one of United States
Pharmacopeial Convention {USP) grade DMSO, Active Pharmaceutical Ingredient (API) grade
DMSQ, analviical grade DMSO, and American Chemical Society {ACS) Spectrophotometric
grade DMSO. in an embodiment, a composition comprises DMSO having <0.1% water by KF

fifration and >99.9% determined on an anhydrous basis.
00054} As set forth above, the percent amount of BMSG in a composition is deseribad
i a weight-to-weight (w/w) ratio with respect to one or more other components of the

{5
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composition, unless otherwise indicated. In an embodiment, the weight percent DMSO is the
balance of the weight percent after addition of PVP-1. By wav of a non-limiting example, a
composifion may comprise I weight percent (1%) PVP-1 and 99 weight percent (99%) DMSQO.
It will be understood that in the foregoing exarople, the DMSO component of the composition
may be completely anhvdrous, substantially anhydrous, or may contain water to a measurable

degree. In an ernbodiment, the weight percent DMSG 13 the balance of the weight percent after
addition of PVP-I and any other components {e.g., co-solvent, water, additional active
ingredient, etc.). In an embodiment, the weight percent DMSO 15 the balance of the weight
percent afier addition of iodophor and other components, if any. In an embodiment, the weight
percent penefrant in a composition 1s the balance of the weight percent after addition of

todophor and other components, if any.

[00055] In an embodiment, a composition comprises DMSQO in the range of 50% to
99.99%. In an embodiment, a composition comprises DMS( in the range of 19 t0 99.99%. In
another embodiment, a composition comprises DMSO in the range of 3% and 99.9%. In
another embodiment, a composition comprises DMSO in the range of 10% and 99.9%. In
another embodiment, a composition comprises DMSO in the range of 15% and 99.9%. In
angther embodiment, a composition comprises DMSO in the range of 20% and 99.9%. In
another embodiment, a composition comprises DMSO in the range of 25% and 99.9%. In
another embodiment., a composttion comprises DMSO in the range of 30% and 99.9%. In
enother embodiment, a composition comprises DMSQO in the range of 35% and 99.9%. In
another embodiment, a composttion comprises DMSO in the range of 40% and 99.9%. In
another ernbodiruent, a composition comprises DMSO in the range of 44% and 99.9%. In
another embodiment, a composition comprises DMSO in the range of 45% and 99.9%. In
angther embodiment, a composition comprises DMSO in the range of 50% and 99.9%. In
another embodiment, a composition comprises DMSO 1n the range of 55% and 99.9%. In
another embodiment, a composition coraprises DMSO in the range of 60% and 99.9%. In
enother embodiment, a composition comprises DMSQO in the range of 65% and 99.9%. In
another embodiment, a composttion comprises DMSO in the range of 70% and 99.9%. In
another ernbodiruent, a composition comprises DMSO in the range of 75% and 99.9%. In
another embodiment, a composition comprises DMSO in the range of 80% and 99.9%. In
another embodiment, a composition comprises DMSO in the range of 83% and 99.9%. In
another embodiment, a composition comprises DMSQ in the range of 90% and 99.9%. , and in

vet another embodiment, between 95% and 99.9%.
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[00056] In an embodiment, a composition comprises DMSG in weight percent of about
at feast about 25%, about 25.5%. about 26%., about 26.5%, about 27%, about 27.5%, about
28%, about 28.53%, about 29%, abowut 29.5%, about 30%, about 30.5%, abowt 31%, about
31.59%, about 32%. about 32.5%. about 33%, about 33.5%., about 34%, about 34 5%, about
35

42%. about 42.5%, about 43%, about 43.5%, about 44%, about 44.5%, about 45%, about

%, about 35.5%, about 36%, about 36.5%, about 37%, about 37.5%. about 38%. about

5%, about 39%, about 39 5%, about 40%, about 40.5%, about 419, about 41.5%, about

45 5%, about 46%. about 46.5%, about 47%, about 47.5%, about 48%, about 48.5%, about
49%, about 49.5%, about 50%, about 50.5%, about 51%, about 51.5%, abowt 52%, abouwt

52.5%, about 53%., about 53.5%, aboul 54%, about 54.5%, about 55%, about 53.5%, about

¥4

6%, about 56.5%, about 579%, about 57.5%, about 58%, about 58.3%, about 39%, about

2

9.5%. about 60%, about 60.5%. about 61%, about 61.5%. about 62%, about 62.5%. about
63%, about 63.5%, about 64%, about 64.5%, about 65%, about 65.5%, about 66%, about
66.5%, about 67%, about 67.5%, about 68%, about 68.5%, about 69%, about 69.5%, about
70%. about 70.5%, about 71%, about 71.3%. about 72%. about 72.5%, about 73%, about
73.5%, about 74%. about 74.5%, about 75%, about 75.5%, about 76%, about 76.5%, about
T1%, about 77.5%, about 78%, abowt 78.5%, about 79%, about 79.5%, about 80%, about
R(.5%, about 81%, about 81.5%. about 82%, about 82.5%, about 83%, about 83.5%. about
849%, abowt 84.5%, about 85%, about 85.5%, abowt 86%, about 86.5%. about 87%, about
87.5%, about 88%, about 88.5%, about 9%, about 89.5%, about 90%, aboul 90.5%, about
919, about 21.5%, about 92%, about 92.5%, about 23%, about 93.5%, about 94%, about
94 5%, about 95%., about 95.5%, about 96%, about 96.5%, about 97%, about 97.5%, about
98%, about 98.5%, about 99%, about 99.5%, about 99.9%, or any range determinable from the

preceding amounts {for example, about 1% to about 45.5% or about 30.0% to about 49.0%).

(00057} In an embodiment, a composition comprises DMSO in weight percent of about
30%0-30%: about 31%-30%; about 32%-50%:; about 33%-350%; about 34%-30%%; about 35%-
5-9%; about 36%-50%:; about 37%-50%, about 38%-50%: about 39%-5(1%: about 40% to about
509, about 41% to about 50%, about 42% to about 50%, about 43% {0 about 50%., about 44%
to about 30%., about 45% to about 50%, about 46% to about 30%, about 47% to about 50%,
about 48% to about 50%. about 499 to about 50%, 40% to about 49%. about 41% to about
49%, about 42% 1o about 49%, about 43% to about 49%, about 44% 1o about 49%, about 45%
1o about 49%, about 46% to aboutl 49%. about 47% to about 49%, about 48% to aboul 49%,

about 40% to about 48%, about 41% to about 48%, about 42% to about 48%, about 43% to
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about 48%, about 44% to about 48%, about 45% to about 48%, about 46% to about 48%, about
47% to about 48%, 40% 1o about 47%, about 41% to about 47%, about 42% 1o about 47%

about 43% to about 47%., about 44% to abowut 47%. abowt 45% to about 47%. about 46% to
about 47%, 40% to about 46%, about 41% to about 46%, about 42% fo about 46%, about 43%

to about 46%, about 44% to about 46%, about 45% to about 46%, 40% to about 45%, about
41% to about 45%, about 42% (o about 459, about 43% (o about 459, about 449 {0 about
45%, 40% to about 44%., about 41% to about 44%, about 42% to about 44%, about 43% fo
about 44%, 40% to about 43%, about 41% to about 43%, about 42% to about 43%. about 40%
to about 42%, about 419% to about 429, or about 40% to about 41%. In one embodiment, a
composifion comprises DMSGO in weight percent of about 30% to about 50% or about 35% to
about 49%, or about 40% to about 48%, or about 41% to about 45%. or about 44%. In one
embodiment, a composition comprises up to 63% DMSO in weight percent. In one
embodiment, a compostiion comprises up to 60% DMSO in weight percent. In one
embodiment, a corposition comprises up to 35% DMSO in weight percent In one
embodiment, a composition comprises up to 50% DMSO in weight percent. In one
embodiment, a composition comprises up to 49% DMSQ in weight percent. In one
embodiment, a composition comprises up to 45% DMSO in weight percent. In one

embodiment, a composition comprises up to 44% DMSO in weight percent.

[00058] In an embodiment, a composition comprises DMSO but does not comprise any
additional solvent (e.g., co-solvent} or penetrant. In another embodiment, a composition
comprises DMSO i the range of about 0.01% to 99.99% and further comprises at least one
co-solvent i the range of 0.01% to about 99.99%. In an embodiment, a composition comprises
DMSQO and further comprises at least one co-solvent in the range of about 0.1% to about 50%
In another embodiment, a composition comprises DMSO and further comprises at least one
co-solvent in the range between about 5% and about 50%. In ancther embodiment, a
composition comprises DMSO and further comprises at least one co-solvent in the range
between about 10% and about 99%. In another embodiment, a composition comprises DMSO
and further comprises at least one co-solvent in the range between about 20% and about 95%.
In an embodiruent, a composition coraprises DMSO and further comprises at least one co-
solvent in the range of about 50% to about 60%, about 60% to about 80%, about 70% to about
90%, and about 80% to about 95%. In an aspect, water 18 a co-solvent. In an embodiment, a
composifion comprises DMSO, water, and at least one additional co-solvent. In an

embodiment, a composition comprises DMSO, water, and at east two additional co-solvents.



WO 2017/193060 PCT/US2017/031390

In an embodiment, a composition is substantially anhvdrous and comprises DMSO and atf least

one additional co-solvent.

{00059} In an embodiment, a composition comprises a co-solvent in the range of 1% to
99.99%. In ancther embodiment, a composition comprises a co-solvent in the range of 5% and
99.9%. In another embodiment, a composition comprises a co-solvent in the range of 10% and
99.9%. In another embodiment, a composition comprises a co-solvent in the range of 20% and
99.9%. In another embodiment, a composition comprises a co-solvent in the range of 30% and
99 9%. In another embodiment, a composition comprises a co~-solvent in the range of 40% and
99 9%, In another embodiment, a composition comprises a co-solvent in the range of 50% and
99.9%. In another embodiment, a composition comprises a co-solvent in the range of 60% and
99.9%. In another embodiment, a composition comprises a co-solvent in the range of 70% and
99.9%. In another embodiment, a composition comprises a co-solvent in the range of 80% and

99.9%, and in vet another embodiment, between 90% and 99.9%.

[00060] in an embodiment, a composition comprises a co-solvent at about 1%. In other
embodiments, a composition comprises a co~solvent at about 2%, about 3%, aboul 4%, about

-
I
i

5%, about 6%, about 7%, about 8%. about 9%, about 10%. about 1196, about 12%, about 13%,
about 14%, about 15%. about 16%, about 17%, about 18%, about 19%, about 20%. about 21%,
about 21%, about 22%. about 23%, about 24%. about 25%, about 26%, about 27%, about 28%,
about 29%, about 30%, about 31 %, about 32%. about 33%. about 34%, about 35%, about 36%,
about 37%. about 38%, about 39%, about 40%. about 41%. about 42%,. about 43%, about 44%,
about 45%, about 46%, about 47%, about 48%. about 49%, about 50%, about 51%, about 52%,
about 53%, about 54%, about 53%, about 56%. about 57%, about 58%, about 59%, about 60%,
about 61%,. about 62%. about 63%, about 64%, about 65%, about 56%. about 67%. about 68%,
about 9%, about 70%. about 71%, about 72%, about 73%, about 74%, about 75%. about 76%,
about 77%, aboui 78%, about 79%, about 8(%. about 81 %, about 82%, aboui 83%, about 84%,
about 83%, about 86%, about 87%, about 88%. about 89%. about 90%, about 919%, about 92%,

about 23%. about 94%, about 95%, about 96%, about 97%. about 98%. or about 99%.

[00061] Examples of co-solvents include, but are not limited to, water, alcohols,
silicones, polyethylene glycol, propyviens glveol, glvcerin, petrolatum,
hydroxymethyleetiulose, methylcellulose, and combinations thereof. Tn an embodiment, a co-

solvent is propvlene glycol. In another embodiment, a cosolvent is polypropylene glycol.
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[00062] In an embodiment, a composition comprises DMSQO in the range of about 0.01%
0 99.99% and further comprises at least one penetrant in the range of 0.01% to about 99.99%%.
In an embodiment, a composition comprises DMSO and further comprises al least one
penetrant in the range of about 0.1% to about 50%. In another embodiment, a composition
comprises DMSG and further comprises at least one penetrant in the range between about 5%
and about 50%. In another embodiment, a composition comprises DMS(O and further
comprises at least one penetrant in the range between about 10% and about 99%. Tn an
embodiment, a composition comprises DMSQO, at least one co-solvent, and at least one

penetrant. In an embodiment, a co-solvent is also a penetrant.

{00063} In an embodiment, where possible, compositions may include pharmaceutically
acceptable salts of compounds mn the composition. In an ernbodirent, compositions comprise
acid addition salts of the present compounds. In an embodiment, compositions comprise base
addition salts of the present compounds. As used herein, the term pharmaceutically acceptable
salts or complexes refers to salts or complexes {e.g.. solvates, polymorphs) that retain the
desired biological activity of the parent compound and exhibit miimal, if any, undesired

toxicological effects.

00064 In various embodiments, the compositions encompassed herein comprise
pharmaceutically accepiable excipients such as those listed in REMINGTON: THE SCIENCE
AND PRACTICE OF PHARMACY 866-885 {Alfonso R. Gennaro ed. 19th ed. 1995; Ghosh,
T. K.; et al. TRANSDERMAL AND TOPICAL DRUG DELIVERY SYSTEMS (1997},
herebyv incorporated herein by reference, including, but not limited to, protectives, adsorbents,
demulcents, emollienis, preservatives, antioxidants, wmwoisturizers, buffering agents,

solubilizing agents, skin-penetration agents, and surfactants.

[000635] Protectives and adsorbents include, but are not limited to, dusting powders, zinc
sterate, collodion, dimethicone, silicones, zinc carbonate, aloe vera gel and other aloe products,

vitarain E oil, allanioin, glyvcerin, petrolatum, and zinc oxide.

[00066] Demuleents inclade, but are not limited (o, benzom, hydroxypropyl cellulose,

hydroxvpropyl methyicellulose, and polyvinyl alcohol.

[00067] Emollients include, but are not hmited to, animal and vegetable fats and oils,

myristy] alcohol, alum, and aluminum acetate.

20



WO 2017/193060 PCT/US2017/031390

00068 Preservatives include, but are not limited to, chlonne dioxide, quaternary
ammonium compounds, such as benzalkonium chlonde, benzethonium chloride, cetrimide,
dequabinium chlonde, and cetvlpyridinium chloride; mercunal agents, such as phenylmercuric
nitrate, phenvlmercuric acetate, and thimerosal; alcoholic agents, for example, chlorobutanol,
phenyiethvl alcohol, and benzyl alcohol, aniibacterial esters, for example, esters of
parahvdroxvbenzoic acid; and other anti-microbial agents such as chlorhexidine, chlorocresol,
benzoic acid and polymyxin.  Preferably, the subject composition 1s free of additional

preservative.

[00069] Suitable antioxidants include, but are not limited to. ascorbic acid and its esters,
sodivm bisulfite, buiylated hydroxytoluene, butvlated hyvdroxyamisole, tocopherols, and
chelating agents like EDTA and citric acid. Preferably, the subject composition 15 free of

additional antioxidant.

[00070] Suttable moisturizers include, but are not himited to, glycerin, sorbitol,

polyethylene glycols, urea, and propylene glvcol.

{00071 Suitable solubilizing agents include, but are not limited to, quaternary

ammonium chlorides, cyclodextrins, benzyl benzoate, lecithin, and polysorbates.

[00072] Suitable skin-penetration agents include, but are not limited to, ethyl alcohol,
isopropyvl alcohol, octviphenvipolyethvlene glveol, oleic acid. polvethylene glycol 400,
propvlene glveol, N-decylmethvisulfoxide, fatty acid esters {e.g.. 1sopropyl myristate, methvi

laurate, glveerol monooleate, and propylene glveol monooleate), and N-methvipyrrolidone.

{00073} In an embodiment, a composition comprises PVP-I, DMSQO, a steroid, and
palvpropyvlene glycol. In an embodiment, a composition comprises 0.25% PVP-1, 44% DMSO,
1.75% HEC as a gelling agent, and 10% propylene glycol as cosolvent. In an embodiment, the
composition s substantially anhydrous. In an embodiment, a composition comprises PVP-L,
DMSO, hydroxyvmethvlcellulose, propylene glveol and glvcerine. o an embodiment, a
composition comprises 0.1%-1.0% PVP-1, about 40%-45% DMSO, and 10-33% propylene

glveol and at least one additional mactive ingredient.

{00074} In one embodiment, the composition includes 0.1-3% PVP-1, 40-49% DMSQO,
8-15% alcohol, 18-25% propyvlene glyeol, 0-2% gelling agents, and 0-3% water. In one

embodiment, the composition includes aprotic solvents. In one embodiment, the composition
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includes 0.15-3% PVP-1, 30-50% DMSO, 10-35% propylene glveol, 0-2% gelling agents, and

0-3% water. In one embodiment, the composition includes aprotic solvents.

[00075] In one embodiment, the inveniion comprises DMSO 40-50% {w/w), 0.25%-5%
PVP-I {(w/w) and hydroxypropyl methylcellalose or hydroxymethyl cellulose or hydroxyvethyl

eliulose. A preferred concentration of cellulosic gelling agent is between about 1% and 3%,
more preferably between about 1.5% and 2.5%, and most preferred about 1.75%. In an
embodiment of the invention, a gelling agent can be provided between about 0.5% to 3.0%,
between about 1.0 t0 2.5%, between about 1.25 10 2.25%. between gbout 1.5-2.0%, or between
about 1.7 to 1.8%. A preferred amount of gelling agent can be 1.75% of the total composition.
A preferred gelling agent is a cellulosic gelling agent. A more preferred gelling agent is

hydroxvethyleellulose (HEC).

[00075] In one embodiment, the composition is a solution; semi-solid, eg, a gel,
suspension, ointment or cream; tincture, foam, aerosol or another common pharmaceutical
dosage form. In one embodiment, the composition is a 0.25% PVP-1/44% DMSO solution. In
one embodiment, the composition is a 1% PVP-1/45% DMSO solution. Tn one embodiment,
the composttion 15 a 1.5% PVP-1/46% DMSO solution. In one embodiment, the composition
1522 5% PVP-1/43% DMSG solution. In one embodiment, the composition is a 1% PVP-1/99%
DMSQ solution. In one embodiment, the composition 1s a 2% PVP-1/65% DMSO solution. In

one embodiment, the composition is a 2% PVP-1/63% DMSO/10-25% propylene glycol

solution,
STABILITY
A Measured as Avatlable Iodine Remaining
(00077} In ong embodiment, the formulations can be stable at room lemperature 25°

degrees C. for at least 1 month, 3 months, 6 months, 12 months, 18 months and 24 months.
Stability 1s defined as where the final PVP-I concentration, measured by sodium thiosulfate
fifration {o deternine available 1odineg, is at least 90% of the labeled concentration (e.g. if the
label 1s 2% PVP-I providing for 0.2% available 1odine, therefore 90% would be 0.18 elemental
toding).  In another embodiment, the stability as determined bv sodium thiosulfate titration to
determine available iodine is at feast 80% at 1 month, 3 months, 6 months, 12 months, 18

months and 24 months afler storage at 25 degrees C.
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{0007 8] In one embodiment, the formulations can be stable at room temperature 2-¥
degrees C. for at least 1 month, 3 months, 6 months, 12 months, 18 months and 24 months.
Stability is defined as where the final PVP-I concentration s at least 90% of the labeled
concentration {e.g. if the label 15 2% PVP-1 providing for 0.2% 1odine, therefore 90% would be
(.18 elemental iodine.}  In another embodiment, the siability as determined by sodium
thiosulfate titration to determune avatlable iodine 15 at least 80% at 1 month, 3 months, 6

maonths, 12 months, 18 months and 24 months after storage at 2-8 degrees C.

1000G79] In one embodiment, the formulations can be stable at room temperature -10 to
<25 degrees C. for at least 1 month, 3 months, 6 months, 12 months, 18 months and 24 months.
Stability is defined as where the final PVP-1 concentration is at least 90% of the labeled
concentration (e.g. if the label 13 2% PVP-1 providing for 0.2% iodine, therefore 90% would be
(.18 elemental iodine). In another embodiment, the stability as determuned by sodium
thiosulfate titration to determine available iodine 15 at least 80% at 1 month, 3 months, 6

months, 12 months, 18 months and 24 months after storage at -10 to -25 degrees C.

{00080} In one embodiment, the formulations can be stable at room temperature 15-30
degrees C. for at least 1 month, 3 months, 6 months, 12 months, 18 months and 24 months.
Stability i1s defined as where the final PVP-I concentration s at least 90% of the labeled
concentration {e.g. if the label 1s 2% PVP-I providing for 0.2% iodine, therefore 90% would be
(.18 elemental iodine). fn another embodiment, the stability as determined by sodium
thiosulfate titration to determine available iodine is at least 80% at 1 month, 3 months, 6

months, 12 months, 18 months and 24 months after storage at 15-30 degrees C.

[O0081] In one embodiment, the formulations can be stable at room temperature 40
degreas C. for at least 1 months, 3 months, 6 months, 12 months, 18 months and 24 months.
Stability 1s defined as where the final PVP-I concentration is at least 90% of the labeled
concentration {e.g. if the label 1s 2% PVP- providing for 0.2% iodine, therefore 90% would be
0.1% elemental iodine}. In another embodiment, the stability as determined by sodium
thiosulfate titration to determine available iodine is at least 80% at 1 month, 3 months, 6
months, 12 months, 18 months and 24 months after storage at 40 degrees C.

B. Measured as Percent Steroid Remaining

{00082} in one embodiment, the siability of the PVP-I/ steroid gel combinations can be

measured by determuning the amount of steroid rematning after a period of tme from | month,
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2 months, 3 months, 6 months, 12 months or 24 months examining the SCF-MS for the
component steroid. SCF-MS of, for example, a gel comprising 0.25% PVP-1, 44% DMSO0 and
1.0% prednisolone acetate shows that after at least 2 months 99.1% of the prednisolone acetate
remams n the formulation and no reaction is seen between the PVP-1 and the prednisclone
acetate. Additionally, there is no iodination of the prednisclone acetate and no detectable

formation of a PVP-I — prednisolone acetate complex.

[00083] In another embodiment, the stability of the PVP-1/ steroid gel combinations can
be measured by determining the amount of steroid remaining after a pertod of time from 1
month, 2 months, 3 months, 6 months, 12 months or 24 months by examining the SCF-MS for
the component steroid. SCF-MS of, for example, a gel comprising 0.25% PVP-1, 44% DMSO
and 0.5% prednisclone acetate shows that after at least 2 months an average of 91% of the
prednisolone acetaie remains in the formulation and no reaction s seen between the PVP-f and
the predmsolone acetate. Additionally, there is no iodination of the preduisolone acetate and

no formation of a PVP-1 — prednisolone acetate complex.

00084} In another ernbodiment, the stability of the PVP-I/ steroid gel combinations can
he measured by deterraining the amount of steroid remaining after a period of time from 1
month, 2 months, 3 months, 6 months, 12 months or 24 months by examining the SCF-MS for
the component steroid. SCF-MS of, for example, a gel comprising 0.25% PVP-1, 44% DMSO
and 0.5% prednisolone shows that after atleast 2 months an average of 93% of the prednisolone
remains in the formulation and no reaction is seen between the PYP-1 and the prednisolone.
Additionally, there is no todination of the prednisolone and no formation of a PVP-I -

prednisolone complex.

Quantitative Analysis of Hydroxyethyl Cellulose Gels Containing Prednisolone and
Prednisolone Acetate

Summary
[G0085] Nineteen samples of hydroxyethyl cellulose gel containing DMSO, povidone

iodine, and a sterowd {either prednisclone or predrnisolone acetate) were analyzed by SFC/MS
after at least 2 months of storage at room temperature, atmospheric pressure and arbient
hunudity to confirm the presence of the steroid in the gel, to quantify the amount of steroid in
the samples and 1o determune if any reaction occurred between the PVP-I component and the

steroid coraponent. The presence of prednisolone or prednisolone acetate was confirmed by
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matching the retention times and the ion exact masses to authentic samples of each steroid.
The quantity of prednisolone or prednisolone acetate was determined from calibration curves
based on standard solutions of known concentrations. The presence or absence of reaction
between steroid and PVP-1 was determuned by quantifving the pure steroid component
remaining after 2 months and by determining the presence or absence of iodinated steroid
products in the SCF/MS.

Matenials

[00086] Test samples were prepared in the following manner:

Povidone lodine 0.25% - Prednisolone 0.5% - DMS{O 44% in Hvdroxvethvicellulose
Gel Formula per 100ce of final composition

1. Weigh out 0.25gm of Povidone lodine, 0.5gm of Prednisolone, 4 grams of HEC
powder (per 100cc of tinal composition).

2. Measure 44mb of DMSO in a graduated cylinder.

In an appropriately sized contaner, place weighed Povidone-Iodine and Prednisolone.

4. Slowly add a few drops of Polysorbate 80 into the powders and nux with a glass

stirring rod uniil a thick paste is produced. Continue to add a few drops at a time until

a loose paste is produced.

Slowly add DMSO while stirring until a uniform muxture is produced. Pour the rest of

the DMSQO into the mixture and stir with a glass stirring rod. Geometric dilution is

very tmportant in this siep. Adding DMSO too fast will result in a non-homogenous

nixture.

6. Qs up to 100cc with purified water.

7. Using a magnetic spin bar and magnetic stirrer, start spinning until a funnel is formed.

8. Quickly sift the HEC nto the mixture until desired consistency 1s achieved.

@

Uy

Povidone fodine §.25% - Predaisolone 1.0% - DMSO 44% in Hyvdroxvethvicellulose
Gel Formula per 100cc of composition

1. Weigh out 0.25gm of Povidone fodine, 1.0gm of Prednisolone, 4 grams of HEC
powder (per 100cc of final composition ).

2. Measure 44mb of DMSQO in a graduated cylinder.

3. Inan appropriately sized container, place weighed Povidone-lodine and Prednisolone.

4. Slowly add a few drops of Polysorbate 80 into the powders and mix with a glass

stirring rod uniil a thick paste is produced. Continue to add a few drops at a time until
a loose paste is produced.

5. Slowly add DMSO while stirring until a uraform mixture is produced. Pour the rest of
the DMSO into the mixture and stir with a glass stirring rod. Geometric dilution is
important in this step. Adding DMSO too quickly will result in a non-homogenous
mixiure.

6. Qs up to 100cc with purified water,

Using a magnetic spin bar and magnetic stirrer, start spinning until a funnel s formed.

& (Quckly sift the HEC into the mixture until desired consistency is achieved.

~
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Povidone lodine 0.25% - Prednisolone Acetate 0.5% - BDMSO 44% in
Hydroxvethvicellulose Gel Formula per 100ce of composition

1. Weigh out 0.25gm of Povidone lodine, 4.5 gm of Predusolone acetate, 4 grams of
HEC powder (per 100ce of final composition }.

2. Measure 44mkb of DMSO in a graduated cvlinder.

3. Inan appropriately sized contmner , place weighed Povidone-Todine and Prednisolone
acetate.

4. Slowly add DMSO while stirring onti] a uniform mixture is produced. Pour the rest of

the DMSO into the mixture and stir with a glass stirring rod..

Qs up to 100¢c with purified water,

6. Using a magnetic spin bar and magnetic stirrer, start spinning until a funnel is formed.

Quickly sift the HEC into the mixture until desired consistency is achieved.

Uy

~J

Povidone fodine §.25% - Predunisolone Acetate §1.0% -~ DMSO 44% in
Bydrexvethvicellulose Gel Formula per 100ce of compogition

1. Weigh out 0.25gm of Povidone lodine, 1.0gm of Prednisolone acetate, 4 grams of
HEC powder (per 100ce of final composition ).

2. Measure 44mbL of DMSO in a graduated cvlinder.

3. Inan appropriately sized container, place weighed Povidone-lodine and Prednisolone
acetate.

4. Slowly add DMSO while stirring onti] a uniform mixture is produced. Pour the rest of
the DMSO into the mixture and stir with g glass stirring rod.

5. Qs up to 100cc with purified water.
Using a magnetic spin bar and magnetic stirrer, start spinning unti a funnel is formed.

7. Guickly sift the HEC into the muxture unti} desired consistency is achieved.

{00087} Test samples of prednisoione and prednisolone acetate gels arrived after af least
2 months to the testing laboratory as, vellow-to-orange gels in capped 10-mL syringes. Test
samples were further stored for up to 10 days in the dark at 4 °C and allowed o warm to room
temperature before preparing quantitation solutions. Prednisolone {USP), prednisolone acetate
{pharmaceutical standard iraceable to USP), and dexamethasone (USP) (internal standard)
were purchased from Sigma-Aldrnich. Hydroxyvethyl cellolose powder was purchased from
Sigma-Aldrich. Hydroxyethyl cellulose gel (3% agueous) was prepared by slow addition of
the powder to LC/MS grade water with stirring. The mixture was stirred overnight at room
temperature to vield a viscous, homogeneous, slightly orange gel. Water, methanol,
isopropanol, and acetic acid (all LC/MS grade) were purchased from Fisher. DMSO
{spectrophotometric grade) was also purchased from Fisher. Waters TruView LCMS certified

vials were used in the quantitation assay.
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SFC/MS Method and Peak Identification

[ GO08S] A method for analyzing the stercid-based samples was developed on a
supercritical fhuid chromatography (SFC) system that uses supercritical carbon dioxide (s¢CG2)
as the main eluent along with a polar additive. SFC methods for separating steroids have been
reported. Mass spectrometry conditions for these and related compounds have also been

reported. Using these reports as a gunde, the following SFC/MS method was developed.

SFC Instrument Waters Acquity UPC

Eluent 919 scCOumethanol at 1.5 mi/min

Column Waters Acquity UPC? Torus 2-PIC, 130 A, 1.7 um,
3x100 mm

Method Length 8.0 min

Temperature 40 °C

ABPR Pressure 2500 psi

Make-up Flow 95:5 isopropanol:water with 0.2% acetic acid at 0.5
mb/min

Injection Volume 0.5 uL

Autosampler 20°C

Temperatare

MS Tnstroment Waters Xevo G2-X5 QToF

lon Source APCI IonSabre I probe with LockSpray (ESD

Corona Pin 1.4 pA

Sampling Cone 40V

Source Temperature 120 °C

Probe Temperature 300 °C

Desolvation Gas 700 L/h (nitrogen)

Cone Gas 30 L/

Collision Energy 6.0V (argon)
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Figure 1. Sample chromatograms for prednisolone (6.6 rnin} with dexamethasone (6.2 oun) as the internal
standard. (a) UV chromatogram at 240 am. (b) Total ion mass chromatograma (100-600 m/7). (¢) Mass
chromatogram for preduisolone at 361.2 w7, (d) Mass chromatopam for dexamethasone at 393.2 nyz.

0089}

As seen in Figures 1 and 2, the retention times of prednisclone and prednisolone

acetate i the mass chromatograms are 6.6 min and 2.6 mun, respectively, matching the

retention times determined {rom authentic samples of prednisolone and prednisolone acetate.

The identity of these peaks was also confirmed by mass spectrometry {MS). By M8, the peak

at 6.6 min showed 361.2 m/z corresponding to [M+H]" for prednisolone, and the peak at 2.6

min showed 403 2 m/z corresponding to [M+H]" for prednisolone acetale,
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Figure 2. Sample chromatograms for prednisolone acetate (2.6 min) with dexanethasoue (6.2 min) as the
internal standard. {a) UV chromatogram at 240 nm. (b) Total fon mass chromatogram (160-600 m/7). (¢)
Mass chromatogram for preduisolone at 403.2 w/z. (d) Mass cliromatogram for dexamethasone at 393.2 my/z.

Standard and Sample Preparation

00090} The method for exiracting prednisclone and prednisolone acetate from the
hydroxvethyl cellulose gels was modeled after a reported method for extracting methanol-

soluble drug compounds from hydroxyethyi celiulose gels.

“alibration Standords.
00091 To mimic the steroid extraction method used in sample preparation, the
calibration standards were made from a mixture of the steroid 10 DMSO and hydroxyethyl
cellulose gel. This gel mixture was then extracted using the same method as the test samples.
Prednisolone: to a 5-mbL volumetric flask was added prednisolone (10.0 mg), DMSO (42.0
mg}, and hydroxyethyl cellulose (3% aqueous) gel (HEC, 44.4 mg), which was vortexed to
vield a heterogeneous film contaiming 10.4% prednisolone {(w/w). The volumetric flask was
filled to 5.00 ml. with methanol, and the flask was capped and placed in a sornucating bath for

1 howr to yield a solution that was 2.00 mg/mL predmisolone in methanol.
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{00092} A portion of this solution was passed through a syringe filter (PTFE, 0.45-um
pore size}, from which 1.00 mL was taken and diluted with 3.00 mL methanol to make a stock
solution with 0.500 mg/mL prednisolone in methanol. This stock solution was diluted into a

2-mi, LC/MS vial according to Table | to provide the prednisolone calibration standards.

Table 1. Preparation of calibration standards for predmisolone.

Target Stock Methanol Enternal
Concentration Selution {ui} Standard (ul)®
(ng/mL) (nL)
400 300 170 30.0
300 600 370 30.0
200 460 570 30.0
100 260 770 30.0
80.0 160 810 30.0
60.6 120 830 30.0
30.0 160 370 30.0
40.0 20.0 890 30.0
30.0 60.0 910 30.0
20.0 40.0 930 30.0
10.0 20.0 930 30.0

2 dexamethasone in DMBSO (0.5% wiw)

[00093] Prednisolone acetate: to a 3~-mb volumetnic flask was added predoisolone
acetate {11.4 mg), DMSO (457 mg), and HEC (66.9 mg), which was vortexad 1o vield a
heterogeneous film contaming 10.1% prednisolone acetate (w/w). The volumetric flask was
filled to 5.00 ml. with methanol, and the flask was capped and placed in a sornucating bath for
1 hour to yield a solution that was 2.28 mg/mL predrisolone in methanol. A portion of this
solution was passed through a svringe filter (PTFE, 0.45-um pore size), from which 1.00 mL
was taken and difuted with 3.56 mL methanol to make a stock solution with 0.500 mg/mL
predrusolone acetate in roethanol. This stock solution was diluted into a 2-mL LC/MS vial

according to Table 2 to provide the prednisolone acetate calibration standards.
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Table 2. Preparation of calibration standards for predmisolone acetate.

Target Cone, Stock Methanol Enternal
{1g/mi} So¥n (ul) {ui} Standard (ul)®
400 800 130 30.0
300 600 350 50.0
200 400 350 50.0
100 260 750 50.0
20.0 160 790 50.0
60.0 120 830 50.0
30.0 160 850 50.0
40.0 80.0 870 30.0
30.0 60.0 890 30.0
20.0 40.0 910 30.0
10.6 20.0 930 50.0

¢ dexamethasone in DM3S0 (0.5% w/w)

[00094]

Test Sample Preparation. Approximately 1.0 g of each sample gel was added

to a SO0-mL volumetric flask. The flask was then filled to 50.00 mL with methanol, capped,

and placed in a sonicating bath for 1 hour. An aliquot from each of these stock solutions was

passed through a syringe filter (PTFE, 0.45-um pore size), from which 500.0 ul. was used for

the solutions described 1n Tables 3 and 4 for predmisolone and prednisolone acetate,

respectively.

Tabie 3. Preparation of predrmisolone test saraples.

Sample ID | Sample Wt Stock Methanol Internal Expected Fina;
{2} Sol’a (L) {ul) Std (uLy Conc. {pg/mi)°
Pred 01 1.2473 500.0 476.0 30.00 62.38
Pred 02 1.0729 500.0 476.0 30.00 53.64
Pred 03 1.1036 500.0 476.0 30.00 5518
Pred 04 1.0541 300.0 470.0 30.00 3270
Pred 05 1.0088 300.0 470.0 30.00 50.44
Pred 06 10762 300.0 470.0 30.00 3351
Pred 07 1.0579 500.0 476.0 30.00 52.90
Pred 08 1.0462 300.0 476.0 30.00 1064.62
Pred 09 1.0811 500.0 476.0 30.00 108.11

? dexamethasone in DMSO (0.5% wiw)
 based on 0.5% prednisolone (w/w) sample concentration for Pred 01-07 and 1.0% preduisolone (w/w)
sample concentration for Pred 08-09.
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Table 4. Preparation of prednisolone acetate test samples.
Sample Sample Stock Methanol Internal Expected Final
H1) Wt. (g} Sobn {ul} St (ui)y? Conc.
{nl) (ng/mL)

Pred- 500.0 450.0 50.00

Ac 01 1.1515 57.575
Pred- 500.0 450.0 50.00

Ac 02 1.6523 52,623
Pred-~ 500.0 450.0 50.00

Ac 03 0.9963 49825
Pred- 500.0 450.0 50.00

Ac 04 1.0324 51.62
Pred- 500.0 450.0 50.00

Ac 05 1.0289 51.445
Pred-~ 500.0 450.0 50.00

Ac 06 {.9993 99.93
Pred- 500.0 450.0 50.00

Ac 07 1.1713 117.13
Pred- 560.0 450.0 50.00

Ac 08 0.9778 9778
Pred- 500.0 450.0 50.00

Ac 09 1.0379 103.7
Pred- 500.0 450.0 50.00

Ag 10 1.1347 115.47

2 dexamethasone in DMSO (0.5% w/w)

® based on ©.5% predunisclone acetate (w/w) sample concentration for Pred-Ac 01-03 and 1.0% prednisolone

acetate (w/w) sample concenlration for Pred-Ac 06-10.
Cuantitation
[00095] The presence of prednisolone {Pred} or prednisclone acetate (Pred-Ac) in the
test samples was verified by both SFC/MS retention time and mass spectrometry. To quantify
the amount of Pred or Pred-Ac in the test samples, a calibration curve was generated from
solutions of Pred or Pred-Ac with known concentrations. By comparing the integrated
SFC/MS peaks of the sample solutions to the integrated SFC/MS peaks of the calibration
solutions, the concentrations of the samples can be measured. To mimic the test samples when
preparing the calibration standards, a stock hydroxyethyl cethulose (HEC) gel with a precisely
measured amount (approx. 10% w/w final concentration in the gel) of Pred or Pred-Ac was
made {see Standard and Sample Preparation section for details). This gel was then diluted to a
specific volume in methanol and sontcated to break apart the gel and dissolve the steroid. This
stock solution was filtered fo remove any insoluble HEC, and this was diluted to varving
degreeas and spiked with a known amount of internal standard {dexamethasone) to provide the
calibration solutions. Each calibration solution was measured on the SFC/MS instrument in

triplicaie.
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[00096] The sample solutions were made by the same method: a measured amount of
gel {by weight) was dilufed to a specific volume, sonicated to break apart the gel and dissolve
the steroid, filtered, spiked with a known amount of internal standard, and dituled once more
to reach a concentration within the calibration range. Each sample solution was measured on

the SFC/MS instrument in triplicate.

[G0097] The mass chromatograms were processed using Waters” QuanLynx software to
generate caltbration curves and apply the calibration to the test samples. Unce a sample
concentration was determined, the amount of Pred or Pred-Ac in the gel could be calculated.
In the prepared solutions, a gel sample weighing 1.000 g at 1.0% w/w Pred or Pred-Ac would
have a final concentration of 100 pg/mk; likewise, a gel sample weighing 1.000 g that started
at 0.5% w/w would have a final concentration of 50 pg/mbL. If the gel sample weighed slightly
more or less than 1.000 g, then the measured concentration of the prepared solution would be
slightly more or less, respectively. The measured concentration could be multiplied by the
correction factor (1.000 g + gel sample weight) to provide a weight-corrected concentration
{WC concentration} that can be compared and averaged with W concentrations of other
samples. The average WC concentrations for each lot of samples are given in Table 5 below,

and the raw data are attached to the end of this report.

Table 3. Average Measured WC Concentrations for Each Lot of Samples®

Average/Expected Std Deviatien Y
W Cone. (ng/ml) {pg/ml} Difference
Pred 01-05: Lot#
050220163 56.9/50.0 10.6 1.9
Pred 06-07: Lot#
0425201616 42.0/50.0 6.1 -16.0
Pred 08-09: Lot#
04262016@ 16 86.6/100.0 14.0 -13.4
Pred-Ac 01-05: Lot#
03192016@6 44.1/50.0 6.8 -11.7
Pred-Ac_06-10: Lot#
05192016@)7 99.1 /7 100.0 6.7 0.9

¢ A WC concentration of 30 pg/mL corresponds to 0.5% w/w concentration inthe gel, and a WC concentration
of 100 pg/mL corresponds to 1.0% w/w coucentration in the gel.

Possible Sources of Error

00098} While measures were taken to reduce error in the guantitation assay, some steps
are more likely than others to affect the measurements. One such source is the gel used for the

calibration standards. Without access {0 the exact HEC gels used in formulating the test

L
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samples, a stand-in gel was made and used for the calibration standards. This gel did not
comtain povidone iodine and may have ratios of HEC/water/DMSG that differ from the sample
gels. The stand-in gel may lead to different interactions between the gel and the steroid and
different behavior in the extraction procedure; however, it is not possible to say if this would

likely ead to higher or lower measured values.

[00099] An additional source of error is the extraction of the steroid from the sample
gel. K is possible that some amount of steroid could be trapped in the HEC polymer at the end
of the extraction process, which would lead to lower than expected concentrations. While the
sonication method is reporied for extracting methanol-soluble drugs {rom HEC gels, i was
observed that longer sonication times (1 hour versus the reported 30 min) were needed to
completely disintegrate the gels. After 1 hour, the sample no longer contained visible clumps
of the vellow-orange gel, and instead contained white wisps of insoluble HEC. To correct for
this, the calibration standards were also extracted from HEC gels, but, as mentioned previously,
the formulanon of these stand-1n gels 1s not exactly the same ag that of the sample gels. Inany
instance this would lead to lower than expected concentrations. This is believed o be one
reason that 100% recovery was not achieved in all samples and lots despite there being no

evidence of reaction between steroid and PVP-I or lodine.
Conclusion

[G00100] Samples Pred 01-09 were confirmed to contain prednisolone as the primary
extracted cornponent. Samples Pred-Ac 01-10 were confirmed to contaim prednisolone acetale
as the primary extracted component. Five prednisolone samples from Lot# 030220163 had
an average measured concentration of 0.51% w/w prednisolone. Two prednisolone samples
from Lot# 04252016(@ 16 had an average measured concentration of 0.42% w/w prednisolone.
Two prednisolone samples from Lot# 0426201610 had an average measured concentration
of 0.87% w/w preduisolone. Five prednisolone acetate samples from Lot# 05192016@6 had

/

an average measwred concentration of 0.44% w/w prednisolone acetate. Five predmisclone
acetate samnples from Lot# 05192016(@7 had an average measured starting concentration of
0.99% w/w prednisolone acetate. The concentrations of the measured steroid coroponents at
the conclusion of 2 months” storage in ambient conditions indicates along with the absence of
iodinated steroid products in the SCF/MS data imdicate that no reaction between the steroid

components and the PVP-1 or free todine has occurred.
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METHODS OF PREPARATION AND USE

[000101} It is known to one of skill in the art that PVP-1 agueous solutions are difficult to
stabilize at low PVP-I concentrations over a long period of time. By way of a non-limiting
example, at concentrations of PVP-I less than about 0.7% (w/w, aquecus), PVP-I aqueous
solutions rapidly decay to vield complex mixtures of iodinated and iodine-free constituents. As
described herein, it was surprisingly found that m the aprotic DMS(O scolvent system
encompassed by the disclosure set forth heremn, PVP-1 solutions as low as 0.1% can be easily
prepared and maintained as stable compositions for long periods of time. Also as deseribed
herein, hydrated DMSO solutions prepared from aqueous PVP-1 demonstrate increased

stability as noted for the PVP-1 component.

[000102] in an embodiment, a composition comprises dry, solid or powdered PVP-1 and
a steroid or corticosteroid dissolved or suspended in a composition comprising or consisting of
DMS0O. In another embodiment, DMS0 is added to an agueous preparation comprising or
consisting of PVP-I and a steroid. Based on the disclosure herein, one of skill in the art will
understand how to prepare a composition to arnve at the desired amounts of 1odine, 10dophor,
and BMSO, among other possible components of the compositions, such as a steroid as another

active ingredient, encompassed herein.

[000103] In an embodiment, a composition is prepared by adding 10% PVP-1 (w/v,
aqueous) to pure DMSO g.s. to yvield a resulting solution of 1% PVP-I (w/w) with DMSO. In
another embodiment, compositions are prepared by dissolving solid PVP-1 in pure DMSO g.s
to obtain any of 0.1%, 0.2%, 0.3%, 0.4%. 0.5%, 1.0%, 1.25%, 1.5%, 2.0%, or 2.5% PVP-1
(w/w), as well as about 0.1%, about 0.2%, about 0 3%, about 0.4%, about 0.5%, about 1.0%,
about 1.25%, about 1.5%, about 2.0%, or about 2.5% PVP-I (w/w) compositions, with DMSO
as the solvent. In vet another embodiment, compositions are prepared by dissolving solid PV P-
Iin pure BDMSO q.s to obtain any composition set forth, described, and/or encompassed herein,
Simlar compositions comprising agueous PYP-I (with and without excipients commonly used
and/or known in the art) and DMSO can be prepared from a stock 10% PVP-I aqueous solution
and pure DMSO. It will be understood by the skilled artisan, however, that any starting
composition of PVP-L, solid or liquud, may be used when the appropriate dilutions and
adjustments are made to result in the desired final PVP-1 concentration. Simularly, any starting
composition of 1odophor or elemental iodine may be used when the appropriate dilutions and
adjustments are made to result in the desired final iodophor or elemental iodine conceniration,

respectively.
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[000104] In an embodiment, it is particularly usefil for the case of inflammatory
conditions or infections of the eye or surrounding eve tissue ihat stable, anhydrous
compaositions that contain between 0.01%-10% PVP-I can be prepared in pure USP grade
DMSO solvents.

[000105] It will be understood, based on the disclosure set forth herein, i view of the
skill in the art, that specific dosage for compounds and compositions encorapassed herein may
be determined empirically through clinical and/or pharmacokinetic experimentation, and that
such dosages may be adjusted according to pre-specified effectiveness and/or toxicity criferia.
It will also be understood that a specific dosage and treatment regimen for any particular patient
will depend upon a variety of factors, including the activity of the specific compounds
emploved, the characteristics of the patient, drug combination, the judgment of the treating

physician and the nature and severily of the particular disease or condition being freated.

[000106] In an embodiment, a composition set forth, described, and/or encompassed
herein 1s useful for treating one or more of--but not limited to-- demodex or bactenal or viral
evelid skin infections (1.e. “blepharitis™). Tn an embodiment, the composition comprises PVP-
I, a steroid, and DMSO with a gelling or viscosity-enhancing agent. Tn an embodiment, the
composition consisis essentially of PVP-, a stercid, and DMSCO with a gelling or viscosity-
enhancing agent. In an embodiment, the composition consists of PVP-1, a steroid, and DMSO

with a gelling or viscosity-enhancing agent.

[000107] In an embodiment, a therapeutic composition is prepared by optimizing one or
more compounds for use in a dosage form different than that which is typically used for the
compound. In an embodiment, a compound that is not typically adminisiered in a topical
dosage form is developed for use in a topical dosage form. The chemical and biological assays
required for such development are known to one of skill in the art. The disclosure herein
provides the skilled artisan with the guidance as to how fo prepare such compounds and

compositions comprising such compounds.

[000108] In an embodiment, a method of {reating a subject having an an mflammatory
condition or infection of the eve, comea, or eyvelid includes admmistration of a composition set
forth, deseribed, and/or encompassed herein to treat the eye condition or infection, including

corneal ulceration, wherein the treatment can include at least one of preventing or slowing the
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progression of the inflammation or infection, preventing the spread of the infection, eradicating

at feast some of the infection, and eradicating the entire infection.

[000109] In an embodiment, a therapeutic composition is administered on a schedule at
least once per month, at least once per week, two to three times per week, once a day, or
multiple times per day, up to one admunistration per hour or 24 adnunistrations per day. In an
embodiment, a therapeutic composition is administered twice a day. In an embodiment, a
therapeutic compostiion is adminisiered three times a day, four times a day, five times a day,
or more. In an embodiment, a therapeutic composition is admunistered less frequently than once
a day. in an embodiment, a therapeutic composition is adminisiered once every two days, once
every three days, once every four days, once every five days, once every six days, or once every
seven days. In an embodiment, a therapeutic composition is admimstered less frequently than
once a week. In an embodiment, a therapeutic composition is administered once a month. In

an embodiment, a therapeuiic composition is administered twice a month.

[000110] In an embodiment, a therapeutic dosing regimen is continued for at least one
day, at least two days, ai least three days, at least {our days, at least five days, at Teast six days,
or at least seven days. In an embodiment, a therapeutic dosing regimen 15 continued for at least
one week, at least two weeks, at least three weeks, at least four weeks, at least six weeks, at
least eight weeks, at least ten weeks, at least twelve weeks, at least fourteen weeks, or at least
sixteen weeks. In an embodiment, a therapeutic dosing regimen i3 continued for at least one
month, at least two months, at least three months, at least four months, at least five months, at

feast six months, at least nine months, or at least twelve months.

(000111 The invention is further described by the following examples. In an aspect, the
tollowing examples demonstrate effective and/or successtul treatment of the identified
conditions using compositions and methods encorapassed by the present disclosure. It should
be recognized that variations based on the inventive features are within the skill of the ordinary
artisan, and that the scope of the invention should not be himited by the examples. To properly
determine the scope of the invention, an interested party should consider the claims herein, and
any equivalent thereof. All citations herein are incorporated by reference, and unless otherwise

expressly stated, all percentages are by weight/weight.

(000112} it is well described in the art that DMSQ is not an effective agent to enhance the
skin or tissue penetration of large (>300MW) molecules. It is especially surprising in this

invention that povidone-iodine K30 (MW>30,000MW} was able to be transported across the

[re)
2
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heavily keratinized skin barrier through the action of DMSO. There is no chinical trial except
from this current result that has shown the successful penetration of the skin barrier by
povidone-iodine as the leaching has always indicated that povidone-iodine acts only on
surfaces. This is an example of povidone-iodine and DMSO used together to effect skin
penetration and is surprisingly successful despite decades of teaching in the art that suggests

the use of DMSO should have no effect on a large molecule like povidone-~iodine.

[000113] Additional examples of useful compositions described in this invention include
the formulation of creams, petrolatum balms, salves, sprays, and other formulations well

known to those in the art suitable for topical administration,

[000114] In additional embodiments, the PVP-1/ DMSO system can be combinead with a
variety of naturally occurring substances and derivatives includimg, surprisingly, powerful anti-
oxidants. Additionally, it has been found that a vanety of naturopathic ingredients can be
codissolved in these systems without reaction between the complexed or non-complexed
todine. A non-limiting list of such possible naturopathic additives includes Punica Granatum
{Pomegranate) Extract, Camellia Sinensis Leafl (Green Tea) Exiract, Ascorbic Acid {Vitamin-
(). Calendula Officinalis Extract, Glverrtuza Glabra (Licorice) Extract, Allantoin, Cucunus

Sativus (Cucumber) Fruit Extract.

[000115] 1t has been additionally found that the compositions described within and above
can also be combined with keratolviic agents, for example urea, al concentrations below 1%,
and existing anti-viral wart compounds including, for example, salicvlic acid at between 0.05%

and 50%, enabling further synergistic antimicrobial effect.

[000116] While the foregoing writien description enables one who his ordinarily skilled
it the art to reproduce and use what 13 considered presenily to be the best mode thereof, those
of ordinary skill will understand and appreciale the existence of vanations, combinations,
derivatives, analogs and equivalents of the specific embodiments, methods and examples
provided above. The invention should therefore not be limited by the above described
embodiments, examples and methods by instead by all embodiments, examples and methods

within the scope and spirit of the present invention.
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CLAIMS

1. A topical ophthalmic gel composition comprising 0.1%-10% w/w povidone-iodine;
greater than about 30% w/w DMSQG; about 0.05 Y% to about 1.5% w/w steroid; and a gelling

agent.

2. The composition of claim 1, wherein the composition comprises a gelling agent selected
from the group consisting of hvdroxypropyvl methvicellulose; hydroxyethyl cellulose; and

hydroxymethyl cellulose.

3. The composttion of claim 1, wherein the composition comprises a gelling agent selected
from the group consisting of byvdroxypropyl methylcellulose; hvdroxyethvl cellulose; and
hvdroxymethvl cellulose and the gelling agent is present in a concentration between 0.5%

10 3.0%, 1.0102.5%, 1.25t02.25%, 1.5-2.0%, or 1.7 t0 1.8%.
4. The composition of claim 1, wherein the composition comprises a steroid selected from
the group consisting of prednisolone, difluprednate, and loteprednol or a salt or ester

thereof.

5. The composition of claim 4 wherein the predmisolone is present at 1% w/w of the

composition.

6. The composition of claim 4 wherein the prednisolone is present at 0.5% w/w of the

composition.

7. The composition of claim 4 wherein the preduisolone acetate is present at 1% wiw of

the compaosition.

8. The composition of claim 4 wherein the prednisclone acetale 1s present al 0.5% w/w of

the composition.

9. The composition of claim 4 wherein the difluprednate is present at 0.05% w/w of the

corposition.
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10. The composition of claim 4 wherein the loteprednol is present at 0.5% w/w of the

composition.

11. The composition of claim 10 wherein the loteprednol is loteprednol etabonate.

12. The composition of claim 1 wherein the povidone-iodine 13 0.25%-0.5% w/w of the

corposition.

13. A method for treating an infectious or inflammatory eye condition, said method

comprising admunisiering to the eye an effective amount of a composition of clam 1.

14. The method of claim 13 wherein the eve condition is selected from bacterial or viral

conjunctivitis; blepharitis; and comeal ulcer,
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