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METHODS OF TREATING AND/OR PREVENTING NAIL DISORDERS ANINOR
IMPROVING THE APPEARANCE OF A NAIL

Field
001 The present invention generally refates to a system and/or method of treating

and/or preveniing nail disorders andf/or a system and/or method of improving the gppearance

of g nail.

Backeround
{08682} Mail disorders are medical conditions that can often be an embarrassment for an
individual duoe to the appearance of the natl and may malke the individual self-conscious.
Treatments for nail disorders may include Hmiting external factors, such as activitics that may
cause or exacerbate the condition, which may not be suitable for the individual, Other
treatments may include treating a possible underlying disease, but such treatments may be
stow and mmay oot be useful in improving the appearance of the nail.
{6803} The present invention may address previous shortcomings in the art by providing
sysierns and/or methods of freating and/or preventing nall disorders and/or by providing

systems and/or methods of improving the appearance of a nail,

Sunmsary
{8604] A first aspect of the present invention comprises 4 method of treating and/or
preventing a nail disorder in a subject comprising topically applying a compostiion
comprising a poly(urea-ursthane) polymer and/or a poly{urea-urethane} pre-polymer to a nail
of said subject, thereby treating andfor preveating said nail disorder.
[B085] A second aspect of the present invention comprises a method of improving the
appearance of a nail of a subject comprising topically applving a composition comprising a
polv(urea-urethane) polymer and/or g poly(urea~-urecthane} pre-polymuer i said nail of said
subject, thereby improving the appearance of said nail.
{8066] The foregoing and other aspects of the present invention will now be described in

wmore detail herein.
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Brief Deserintion of Drawings

160671 Figure 1 shows a graph illustrating the release of compaosition comprising a
hydrocortisone medicament through 2 nylon membrane sccording to ernbodiments of the
invention,

D088} Figure 2 shows a graph illustrating the release rate of a formulation comprising a

hydrocortisone medicament according to embodiments of the invention.

Detatled Descrintion

HHLEA The present invention will now be described more fully hereinafier. This
invention may, however, be embodied in different forms and should not be construed as
iimited to the embodiments set forth herein. Rather, these embodiments are provided so that
thds disclosure will be thorough and compleie, and will fully convey the scope of the
invention to those skilled in the art

{0018]  The terminology used In the description of the invention herein is for the purpose
of describing particular embodiments only and is pot intended o be lIimiting of the fnvention.
As used in the description of the invention and the appended clalms, the singular forms "a",
"an” and "the" are intended {0 inchude the plural formns as well, unless the context clearly
indicates otherwise.

[9011]  Unless otherwise defined, all terms (inchuding technical and scientific terms) used
herein have the same meaning as comumonty understeod by one of ordinary skill inthe art fo
which this invention belongs. It will be further understood that terms, such as those defined
in commonly used dictionaries, should be interpreted as having a meaning that is consistent
with their meaning in the context of the present application and relevant art and should not be
interpreted in an idealized or overly formal sense unless expressly so defined herein. The
terminoiogy used in the description of the invention herein s for the purpose of describing
particular embodiments only and {s not intended to be limiting of the invention. All
publications, patent applicalions, patents and other references mentioned hersin are
incorporated by reference in their entirety. In case of a conflict in termdnology, the present
specification is confrolling.

18012]  Also as used hereln, "andfor” refers 1o and encompasses any and all possible
combinations of one or more of the associated listed jtems, as well as the lack of
cornbinations when interpreted in the alternative (Mor™).

100131 Unless the context indicates otherwise, i is specifically intended that the various

features of the byvention described herein can be used in any combination, Moreover, the
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.1

present invention also conternplates that in some embodiments of the invention, any feahure
or combination of features set forth herein can be excluded or omitted. To illustrate, if the
specification states that a complex comprizes components A, B and £, 1 s specifically
intended that any of A, B or €, or 2 combination thereof, can be omitted and disclaimed.
16014} As used herein, the transitional phrase "consisting essentially of" (and
grammatical variants) is to be interpreted as encompasaing the recited materials or steps "and
those that do not materially affect the basic and novel characteristic(s)” of the claimed
invention. See, fn re Herz, 337 F.24 549, 551-532, 190 U.S.P.Q. 461, 463 (CCPA 1976}
{emphasis in the original); see also MPEP §2111.03. Thus, the term "consisting essentially
of" as nsed herein should not be nterpreted as equivalent to "corprising.”

B815] The term "about," as used herein when referring 1o a measurable value such as an
amount or concentration and the like, is meant to encompass vartations of np to = 10%, =
5%, = 1%, & 0.5%, or even & (.1% of the specified value as well as the specified value, For
example, "about X" where X is the measurable value, i3 meant to include X as well as
variations of up to £ 10%, £ 3%, = 1%, £ 0.5%, oreven 0.1% of X, A range provided
herein for a micasurable value may include any other range and/or individual value thersin,
{68161 Embodiments of the present invention deseribe systems and/or methods that may
be used to {reat and/or prevent a nail disorder in a nail of a subject. In some embodiments, a
systermn and/or method of treating and/or preventing a nail disorder in g subject may comprise
topically applying a composition described hevein to a nail of the subject, therehy treating
and/or preventing the nail disorder. In some embodiments, the composition may comprise a
poly(urea-urethans} polvimer and/or a polv{urea-urethane) pre-polymer, In certain
embodiments, the composition may comprise a primary dismine optionally comprising a
polyether segment; a secondary aromatic diamine; a polyisocyanate; and optionally, a pelyol,
and/or a resction product thereof.

80171 Exemplary nail disorders that may be treated and/or prevented using a system
and/or method described herein tnclude, but are not limited to, nail psoriasis, psoriatic nail
dystrophy, onyehia, onychiagrvposis, onychia trophia, oaychocryptosis, onychodystrophy,
onychomycosis, onychogryvposis, onycholysis, onychomadesis, onychauxis, onychorrhexis,
onychoschizia, tinea unguinm, onychophosis, onychoptosis, paronychia, pseudomonas,
ptervgium and pterygium inversum wiyguis, kollonyehia, subungual hematoma or other
trauma to the nail, folic acid deficiency, subungual hyperkeratosis, leukonyclda, vail patelia
syndrome, roelanonycehia, protein deficieney, brittle and peeling natls, methyl methscrylate

damaged nails, vitamin C deficiency, vitamin deficiency, tinea unguis, thinning nails
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associated with lichen planus, Raynaud's discase, nail dystrophy associated with rheumatoid
arthritis, beau's Hnes, Mee's Hines associated with certain kinds of poisoning, discoloration,
lamellar splitting, longitudinal grooves and/or ridges, transverse grooves, pitting, sofi nails,
brittle nail syndrome, any combination thereof. In some embodireents, the nail disorder is
not onychomycosis and/or the nail disorder is not indyced and/or eaused by onychomycosis.
In certain embodiments, onychomycosis is not treated using a system and/or method
described herein.

1018} In ceriain erabodiments, & systermn and/or method disclosed herein may be used to
reat and/or prevent nail dystrophy (Le., enychodystrophy) in 2 nail of a subject, "Nail
dystrophy™ and "oaychodystrophy” as used herein refer to a nail that is poorly formed,
misshapen, damaged, sndfor discolored. Mail dystrophy may be caused by an endogenous
and/or exogenous factor and/or may be a secondary presentation from complete or partial
disruption of the nail matrix, proximal nail fold, nail bed, hyponichium, and/or underlying
bony phalanx. In some embodiments, nail dystrophy is not induced and/or caused by
onychomycosis. In certain embodiments, one or wore sigus and/or symptoms of nail
dystrophy may be treated and/or prevented according to a system and/or methoed of the
present invention. In some embodiments, nail splitting and/or nail fragility may be treated
andfor prevented according to a system and/or wethod of the present fnvention.

{019 According to some embodiments, the natl disorder may be selected from the
group consisting of onycholysis (e g, distal separation of the nail plate), psoriatic nail,
pnychorrhexis {e. g, longitudinal grooves and/or ridging of the nail plate), subungnal
hyperkeratosis {e. g, excessive skin cell growth under nail plate), discoloration,
onychoschizia (e.g., peeling of the pei] plate surface), lamellar splitting, onychomadesis {e.g.,
proximal separation of natl plate), brittle nail syndrome, fransverse grooves, onychauxis {e.g.,
nail plate thickening), nail pitting, soft nails, nail dystrophy, nail fragility of intact or
damaged nails, and any conbination thereof. In certain embodiments, a system and/or
method of the present invention may treat and/or prevent nail splitting and/or nail fragility.
In some embodiments, a system and/or method of the present invention may prevent direct
abrasion and/or friction on a nail surface and/or may provide protection against moisture
and/or the effects of moisturs, Iny some embodiments, a system and/or method of the present
invention may protect a nail from a subseguent infection ({.e., reinfection) by a fungal
disease,

{30267 It some embodiments, the nail disorder, such as, but not lmited {o, nail

dvstrophy, may or may not be induced and/or caused by an infectious pathogen, such as
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bacteria, fungi, virnses, parasites, and/or protozoa. In certain smbodiments the nai! diserder,
such as, but not limited to, nail dystrophy, may or may not be induced and/or caused by a
fungus. According to some embodiments, a system and/or method of the present invention
may prevent a nail disorder induced and/or caused by an infectious pathogen.

5821} Also disclosed herein are systems and/or methods of improving the appearance of
a nail compared to the appearance of a natl in the absence of a system and/or method of the
present invention. In some embodiments, a system and/or method of improving the
appearance of a nail of a subject may comprise toplcally applying a composition described
hierein 1o the nail of the subject, thereby improving the appearance of the nail. In some
embodiments, the composition may comprise a poly{urea-urethane) polymer and/or a
poly{urea-urethane) pre-polymer, In certain embodiments, the composition roay comprise a
primary diamine optionally coroprising a polyether segment; a secondary aromatic diamine; a
polvisocyanate; and optionally, 2 polyol, andior a reaction product thereof. In certain
embodiments, a system and/or method of the present invention may improve nail growth,
color, surface smoothness, shape, and/or thickness of said nsil.

{06221 In some embodiments, a systern andfor method of the present invention may
improve the appearance of a nail by increasmg or improving nail health compared to natl
health in the absence of a methed of the present imvention, Mail health may be evaluated by
how the nail grows, the nail color, the smoothness of the nail, the shape of the nail, and/or the
thickness of the nail.  For example, the system and/or method may increase or improve nail
health by decreasing vellowing and/or discoloration of a nail; decreasing nail dulingss;

decreasing nail ridges {e. g, longitudinal and/or borizontal ridges}, pits, and/or the like;

CH N
decreasing nail peeling, splitting, cracking, and/or the like; increasing proper nail growth;
decreasing nail thickness; decreasing onycholysis; decressing subnngual hyperkeratosis;
increasing nail strength; and any combination thereof.

023} According to some embodiments, a system and/or method of the present invention
comprises topically applying a composition described herein to form a coating and/or film,
The coating and/or filny may adhere 10 and cover the area of the nail 1o which it {s applied and
may prevent or reduce direot abrasion and/or friction on the nail surface, Aliernatively orin
addition, the coating andfor filmy may profect the nail from moisture. The coating and/or film
may commrise a poly{urea~urethane} polymer and/or a poly{uwres-urethane) pre~-polymer.
0024} "Mail" as used hereln may refer to any part of a fingeral and/or g toenatl of a
subject. A nail may be a full or partially intact nail. A nail may be a healthy nail, & diseased

aail, andfor adamaged nail. A system and/or method disclosed herain may treat a nail

L
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disorder i 3 nail of a subject. In other embodiments a system andfor method disclosed
herein may prevent a nail disorder in a nail of a subject. In certain embodiments, a system
and/or method disclosed herein may treat and prevent a pail disorder in a nail of a sublect, A
composition described herein may be applied to all or any portion of a subjects nail. In
certain embodiments, a system and/or method may comprise applying a composition
described herein to a nail and optionally to the skin surrounding the nail such as, but not
limited to, the cuticle
{0025] The present inventicn finds use in both veterinary and medical applications.
Subjects suitable to be treated with a system andfor method of the invention include, buf are
not Himited to, avian and mammalian subjects. Mammals of the present invention include,
but are not lmied to, canines, felines, bovines, caprines, equines, ovines, porcines, rodents
{e.g rats and mice}, lagomorphs, primates (.., simians), nen-human primates (e.z.,
mounkeys, baboons, chimpanzees, gorillas), and the like. Any mammalian subject in need of
being treated aceording to the present invention is suitable. Human subjects of both genders
and at any stage of development (f. e, neonate, infant, juvenile, adolescent, adult) may be
treated according to the present invention, In soree embodiments of the present invention, the
nbiect s a mammal and in certain envbodiments the subject is a human, Human subjects
include both males and females of all ages including neonatal, infant, juvenile, adolescent,

.

adult, and geriatric subjects as well as prognant subjects. In particular embodiments of the
present invention, the subject is a human adolescent and/or adult.

[3626] Hlustrative avians according to the present invention include chickens, ducks,
turkeys, geese, quall, pheasant, ratites (e.g., ostrich) and domesticated birds (e.g., parrots and
canaries). The systems and/or methods of the present invention may also be carried out on
animal subjects, parficularly meammalian subjects such as mice, rats, dogs, cats, Hvestock and
horses for veterinary purposes and/or for research and development purposes.

{66274 In particular embodiments of the present invention, the subject 18 "Mnneed of ' &
system and/or reethod of the present invention, e ., the subject has been diagnosed with, is at
risk for, and/or 1s believed 1o have a nail disease or disorder that may be freated using &
systery and/or method of the present tnvention. In some embodimernts, the subject hag 4 nail
disorder, such as, but not limited to, nail dystrophy.

10281 "Treat,” "treating” or "reatment of” (and grammatical variations thereof) as used
herein refer fo any type of treatment that imparts & benefit to a subject and may mean that the
severity of the subject’s condition is veduced, at least partially improved or stabilized and/or

that some alleviation, mitigation or decrease in at least one clinical symptom is achieved
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and/or there is a delay m the progression of the nail disease or disorder. In particular
ernbadimnents, the severity of a nail disorder may be reduced in a subiest compared to the
severity of the nail disorder in the absence of a method of the present invention. In certain
embodiments, 8 method and/or systern ofthe present invention may treat a subject by
improving the appearance of a nail, Improvement in the appearance of a nail may be
determined by a visual assessment of the nail, such as by visually assessing the color, surface
stpcothness, shape, and/or thickness. In some embodumnents, a system and/or method of the
present invention may improve nail strength compared to the strength of a nail in the absence
of a system and/or method of the present invention.

0291 The terms "prevent,” "preventing” and "prevention” (and grammatical variations
thereof) refer to avoidance, reduction and/or delay of the onset of a nail disease, disorder
and/or & chnieal symptomis) in a subject andfor & reduction in the severity of the onset of the
nail disease, disorder and/or clinical symptom(s) relative to what would ocowr in the sbsence
of the systems and/or metheds of the invention. The prevention can be complete, e.g., the
total absence of the nail disease, disorder and/or clinical symptom(s). The prevention can
also be partial, such that the vceurrence of the pail disease, disorder and/or clinical
symptom(s) in the subject and/or the severity of onset is less than what would ocour in the
ahsence of the present invention,

{8038} According to some embodiments, a syster and/or method of the present invention
may comprise applving an effective amount of a composition described herein to anail, An
"effective amount” as used herein, refers to an amount that imparts a desired effect, which
may optionally be a therapeutic or prophylactic effect. The effective amount may be a
treatment effective amount and/or g prevention effective amount.

160311 A treatment effective” amount as used berein is an amount that is sufficient to
treat (as defined herein) the subject. Those sidiled m the art will appreciate that the
therapeutic effects need not be compleie or curative, as long as some benefit is provided fo
the subject.

{08321 A prevention effective” amount as used herein is an amount that is sufficient o
prevent (as defined herein) the nail disease, disorder and/or clinical symptom in the subject,
Those skilled in the art will appreciate that the level of prevention need not be complete, as
long as some benefit is provided 1o the subject.

60331 Incertain embodiments, a subject may be in need of a system and/or method of
the present invention, The terms "in need of and "in need thereof.” when used in the context

of a composition described herein being applied to a subject, generally refer to a subject who

"h..:z
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may beneflit from a system and/or method of the present invention. A subjectinneed of a
method and/or system of the present invention may be determined by an appropriaie
healthoare provider. Such judgments may be made based on a variety of factors that are in
the realm of expertise of healthcare providers, bul include knowledge that the subject has a
nail disorder, will develop 8 nail disorder, or is at risk of developing a nail disorder,

[08034] The phrase "therapeutically effective amount” or the ike means an amount of a
composition described herein that is sufficient to improve the condition, disease, or disorder
being treated. Determination of a therapeuntically effective amount, as well as other {actors
related o effective administration of a composition of the present invention 1o a subject in
need of wreatment, including frequency of dosing, may depend upon the particulars of the nail
disorder that is encountered, including the subject and nail disorder being {reated, the severity
of the nail disorder in a particular subject, and the frequency of dosing, Determination of a
therapeutically effective treatment regimen for a subject is within the level of ordinary skill in
the medical or veterinarian arts. In clinical use, an effective amount may be the amount that
is recommended by the 1.8, Food and Drug Administration, or an squivalent foreign agency,
{80335} A system and/or roethod of the present invention may be carried owt for any
suftable length of time. In some embodiments, 8 method and/or systern may be carvied out
until improvement and/or alleviation of at least one sign and/or symptom is observed, In
certain gmbodiments, a system and/or method comprises applying & composition described
herein, such as by topical application.  The composition may be applied one, two, three or
more times per day or may be applied one, two, three, four, five, six, seven or more times per
week. In certaln embodiments, the composition may be topically applied at least once per
week. In other embodiments, the composition may be topically applied at least once per day.
In some embodiments, the coroposition may be topically applied on an as needed basis, The
composition may be topically applied at any time of the day. In some embodiments, the
composition may be topically applied at bedtime.

{0536} A composition described herelny may be topically applied by any means. For
exaraple, a composition described hereln may be topically applied 10 a nail by painting,
coating, dipping, seaking, spraying, and/or the like.

(08371 The composition ruay be configured o form 2 couting and/or flm on the nail affer
topical application. The coating and/or film may be flexible, waterproof, and/or permeable to
water vapor. In some embodiments, the coating and/or film may be colorless and/or
transparent. In certain embodiments, the composition may comprise a pigmeni, colorant,

and/or dye and thus the coating and/or film may be colored similar to g fingernail and toenail
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polish/paint. Exemplary pigments, dyes, andfor colorants inchude, but are not limited to,
those manufactured by HULS AMERICA, INC., known as the 844 Colorant Systern. Thus, in
sreating and/or preventing a nail disorder deseribed herein and/or for frmproving the
appearance of a nail, the compositions described herein may be comprise a pigment, dye,
and/or colorant and may be used in Heu of a fingernail and toe nail paint.

{0638} In some embodiments, a composition of the present invention may comprise at least
one antibacterial, antiviral and/or antifungal agent Exemplary antibacterial agents include,
but are not Hdied to, penicifling and related drugs, carbapenems, cephalosporing and related
drugs, srythromycin, amineglycosides, bacitracin, gramicidin, mupiroein, chloramphenicol,
thiamphenicol, fusidate sodium, Hncomyein, clindamycin, macrolides, novobiocin,
polymyxing, rifamveins, specinemysing, letracyclines, vanomyein, teicoplanin,
sireptograming, anti-folate agents including sulfonamides, wimethoprim and its combinations
and pyrimethamine, synthetic antibacterials including nitrofurans, methenamine mandelate
and methenamine hippurate, nitroimidazoles, guinolones, fluoroguinelones, sordazid,
ethamnbutol, pyrazinamide, para-aminosalicylic acld (PAS), cyeloserine, capreomycin,
ethionamide, prothionamide, thiacetazone, viomyein, eveminomycin, glycopepide,
glyelyelveline, ketolides, oxazolidinone; imipenen, amikacin, netilmicin, fosfomyein,
gentamycin, cefiriaxone, Ziracin, LY 333328, CL 331002, HMHE 3647, Linezolid, Synercid,
Azireonam, and Metronidazole, Epivoprim, OCA~9983, GV-143253, Sanfetrinem sodiom,
{8834, Biapenem, A-89058.1, A-165600, A-172796, KA 159, Dynemicin A, DXR73%, DU
6681, Cefluprenam, ER 35786, Cefoselis, Sanfetrinem celexetil, HGP-3 1, Cefpirome, HMR-~
3647, RU-39863, Mersacidin, KP 736, Rifalazil, Kosan, AM 1732, MEN 10700, Lenapenam,
BO2502A, NE-1530, PR 39, K130, OPC 20000, OPC 20435, Veneprim, PD 138312, PD
140248, CP111903, Sulopenem, ritipenam acoxyl, RO-63-3788, Cyclothialidine, Sch-40832,
SEP-132613, micacocidin A, SB-273833, SR-158402, SUN AB026, TOC 39, carumonarm,
Cefozopran, Cefetamet pivoxil and T 3811

j3339] Embodiments of the present invention may comprise cleaning the nail prior to
and/or after the step of applying the composition described herein o the nail. The nail may
be cleaned by washing, soaking, wiping, and/or the like the nail with water, soap and water,
and/or a nail polish remover such as, but not limited fo, a schution comprising an organic
solvent such as acetone.  The nail may be cleaned one, two, three or more times per day or
one, two, three, four, five, six, seven or more times per week. In certain embodiments, the

nail may be cleancd once por week or as needed, The nail may optionally be dred after it s

g
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cleaned.  In certsin embodiments, the nail may be cleaned and optionally dried prior to
appiication with a composition described herein.

80481 Embodiments of the present invention may comprise cleaning a nail prior fo
application of a composition of the present invention, optionally drying the nadl, topically
applying a composition of the present invention, and drying the composition to forma
costing and/or film. After the coating or film has been formed and is dry, the coating and/or
film mav be cleaned as needed to remove debris build-up on the nail. The cleaning, however,
may not remove the coating and/or film, which may allow for the nail to be protected fora
longer duration of time,

{08411 In some embodiments, a system andfor method of the present invention may
comprise part of @ multi-treatment regime. For example, a medicament may be used
concurrently with a system and/or method of the present invention to treal an underlying
disease and a composition of the present invention may be used to improve the appearance of
a nail and/or protect the nail.

{6042} In some embodiments, a system and/or reethod of the present invention may
comprise topically applying 8 composition of the present invention in an amount of about 1
il to about 15 pl, or any range and/or individual valne therein, to a nail and/or the
surrounding skin of the nall. In some embodiments, about 1,72, 3,4, 5,6, 7,8, 9, 10, 11, 12,
13, 14, or 15 pL of the composition may be topically applied o a nail and/or the swrounding
skin of the nail. The composition may be topically applied to the nail and/or the surrounding
skin of the nail at least once dailv. The composition may be topically applied as a thin layer
and/or may cover at least a portion of the nail andfor surrounding skin of the nail. In some
embodiments, the composition covers the eotire nail. The cornpesition may be applied as a
thin layer that substantially evenly covers a nail. The composition may be allowed to dry,
such as, for example, the composition may be allowed to dry for about 2 to about 3 minutes.
{4431 in certain embodiments, the composition may be topically applied to a naill and/or
the swrrounding skin of the nail in an arecunt having & weight of about 1 mig to about 10 mg,
or any range and/or individual value therein, In some embodiments, about 1,2, 3,4, 5,6, 7,
8,9, or 10 mg of the composition may be topieally applied to 2 nail and/or the surrounding
skin of the nail. Onoee dry, this may provide a coating and/or film on the nail andfor the
surreunding skin of the nail having a weight of about 0.1 mg to about 2 mg, or any range
and/or individual value therein, such ag, but not Hmited to, gbout 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,

0.7,08,09 1.0, 1.1, 1.2, 1.3, 14, 15,16, 1.7, 1.8, 1.9, or 2.0 mg.
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{0044} In some embodiments, the composition may be topically applied o 4 nail and/or
the swrrounding skin of the nail at least once daily for at legst five consecutive days. An
exemplary treatment regime may include: topically applying the composition once daily for
five consecutive days; on the sixth day cleardng the nail and/or the surrounding skin of the
nail, such as, but not limited to, cleaning with a nail polish remover {e.g., an acetone
solution); and on the sixth and seventh days the composition is not applied. Another
exemplary treatment regime may comprise topically applying the compostiion once datly to
the nail and/or the surrounding skin of the nail and cleaning the nail and/or the surrounding
skin of the nail ai least once a week, Either exeraplary trestroent regime may be repeated for
a defined time period {e.g., 2 weeks, a month, ¢ic.) or until Iimprovement and/or alleviation of
at least one sign and/or symptom is observed.

{00451 Prior 1o topically applying the composition, loose debris and/or nail material may
be removed from the nail and/or the surrounding skin of the natl, Nail clippers and/or a nail
file may be used to remove the loose debris and/or nail material,

{8846}  According to some embodiments of the invention, compositions that may be
useful in the systems and/or maethods described hereln may comprise a poly(urea-ursthane}
polymer and/or a poly{urea-urcthang) pre-polymer, In some embodiments, the composition
is a pharmaceutical composition, The term "poly{ureg-urethane} polymex” is meant to refer
to {1y poly{urea) polymers and (i) polyrers that inclade both urea (WNRO(=0INR’-) and
wrethane (MR C{=0Y0-) linkages, wherein R, R’ and R” are each independently hydrogen;
alkyl, as defined herein; or aryl, as defined herein. All polymers herein are described
according to the monomer units that react to form the polymer, such as, e g, polyamines,
poiyvols, polyisocyanates, and the like. The term "polymer” will be understoed o Inchude
polymers, copolymers (e.g., polvmers formed using two or more different monomers),
oligomers and combinations thereof, as well as polymers, oligomers, or copolymers that can
be formed in a miscible blend,

{86471 The ferm "pre-polymer” refers to a monomer or system of wonomers that bave
been reacied to an intermediate molecular weight state. This material is capable of Rurther
polvmerization by reactive groups to & fully cured high molecular weight state. As such,
mixtures of reactive polymers with nnreacted monomers may also be referred o as pre-
polvmers. Typically such pre-polymers are polymers of relatively low molecular weight,
nsually between that of the monomer and the film polymer or resin. As such, one of skill in
the art will appreciate thal movomers react to form the poly{urea-orethane) such that the

monemer 13 no longer present once the polymer is formed. However, in some compositions
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deseribed herein, both monomer and polvmer may be present in the formulstion prior o
curing, and after curing, residual monomer may remain in the cured polymer.

[048]  The term "alkyt” refers to a straight, branched or eyulic hiydrocarbon,
Representative examples of aliovl juclude, but are not himited to, ymethyl, ethyl, n-propyl, iso-
propyl, n-bulyl, sec-butyl, iso-butyl, tert-butyl, n-pentyl, isopentyl, neopentyl, n-hexyl, 3+
methylhexyl, 2,2-dimethylpentyl, 2,3-dimethylpentyl, n-heptyl, nroctyl, n-nonyl, n-decyl, and
the like. "Lower alkyl” is a subset of alkyl and refers to 2 hydrocarbogn group containing from
1 to 4 carbon atoms. Representative exampiles of lower alkyl include, but are not Hmited to,
methyl, ethyl, n-propyl, so-propyl, n-butyl, iso-butyl, tert-butyl, and the like, The torm
“alkyl" is intended 10 include both substituted and unsubstiinted alky! unless otherwise
indicated. Substituted alkyl may be substituted with one or more {e.g., one, two or three)
suitable functional groups Includiog, e g, halo, sikyl, alkoxy, haloalkyl, amino, hydroxyl,
arvl, isocyanate, and the like,

j8849] The term "alkoxy™ refers fo the functional group ~OR, wherein R is an alkyl, as
defined herein.

{6050 The terms "aryl” and "arylensg” refer to a monovalent or divalent, respectively,
monocyche carbocyelic ring system or a hicyclic carboeyclic fused ring system having one or
more  aromalic viugs. Represenistive examples of aryl{ens) include, azulenyl{ens),
indanyi{ene), indenyl{ene), naphthyl{idene), phenyl{ene), tetrahydronaphthyl{idene), and the
like. The term "arvi{ene)" is imtended to include both substituted and unsubstituied arvl unless
otherwise ndicated. Bubstituted aryi{ene} may be substituted with one or more suitdble
functional groups {e.g., one, two or three), including, e g., alkyl and those groups set forth in
conmection with alkyl above,

{3051} The term "polyamine” is meant to refer to compounds having at least two (primary
and/or secondary} amine functional groups per molecule.

[6052] The terrn "polyol” is meant to refer io compounds having at least two hydroxyl
functionsl groups per molecule,

{B0S3] The term "polvisocyanats” and "polyisothiccyanate,” collectively referred {0 as
"nolyiso(thicjcyanate” are meant to refer to compounds having at least two fsocyanate or
izothiocyanate, respectively, functional groups per molecule,

{0054} The terms "pharmaceytical composition” and "medicament” are used
interchangeably herein to refer 1o a composition comprising a therapeutically effective
amount of (i} a poly(urea-urethane) polymer according to an embodiment of the present

invention, a pharmaceutically acceptable salt thereof and/or monomers thereof and/or a
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polv{urea~-urethane) pre-polymer; () a pharmaceutically scceptable carrier; and (1)
optionally, other additives.

{88551 The term "pharmacentically acceptable salt” refers to a salt or salts prepared from
at least one pharmaceutically accepiable non-toxic acid or base including inorganic acids and
bases, and organic acids and bases. Pharmaceutically acceptable salis of compounds
according to embodiments of the Invention include the acid addition and base salts thereof,
ard may be made using technigues known in the art, such as, but not limited to, reacting the
compound with the desired base or acid. Suitable pharmaceutically sceeptable base addition
salis for componnds according to embodiments of the present invention include metallic salls
{z.g., alkali metal salts and/or alkaline earth metal salts) made fom alominum, caleium,
Hitgum, magnesiom, polassium, sodinm, and zine, or organic salts made from fysine, NN
dibenzylethyl- enediamine, chloroprocaine, choline, disthanolamine, ethylenediamine,
meghuning (N- methylglucamine} and procaine, Suitable non-toxic acids include, but are not
limdted to, inorganic and organic acids such ag acetic, alginic, anthranilic, benrenesulfonic,
tenzoic, camphorsulfonie, citrie, cthenesulfonic, formic, fumaric, furcie, galacturonic,
ghiconic, glucuronic, ghutamic, glyeelic, hvdrobromic, hydrochlorie, isethionic, lactic,
maleie, malic, mandelic, wethanesulfonic, mucic, nitric, pamoic, pantothenic, phenyliacetic,
phosphorie, propionie, salieylic, stearie, succinic, sulfanilic, sulfurie, tartaric acid, and p-
toluenesulfonic acid. Specific non-toxic acids include hydrochlorie, hydrobromic,
phosphorie, sulfurie, and methanesulfonic acids. Examples of specific salts thus include
xinofpate, hydrochloride mesylate, zine, potassium, or ivon salts. In certain embodiments,
both water-soluble and water-insoluble salts will be pseful based on the mode of
administration.

{86367  The term "pharmacentically accepiable carrier” is used herein {o refer {o a carrier
medium that does not significantly alter the biological activity of the poly{ures-urethane)
polymer. The one or more substances of which the pharmaceutically accepiable carrter is
comprised typically depends on factors {or desired featres for its intended use) of the
pharmaceutical coraposition such as the intended mode of administration, desired physical
state {e.z., solid, liquid, gel, suspension, gic.}, desired consistency, desired appearance,
desired taste (if any), desired pharmacokinetic properties once administered {e.g., solubility,
stability, biclogical half life), desived release chargoteristics {e.g., (8) immediate release (e.g.,
fast-dissolving, fast-disintegrating), or (b) modified release (e. 2., delayed release, sustained
release, controled release)), and the like. As known 1o those skilled in the art, a suitable

pharmaceutically aceeptable carrier may comprise one or substances, including but not
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limited 1o, a diluent, water, buffered water, saline, 9.3% glycing, agueous alechol, isotonie
agueons buffor; a water-soluble polymer, glyeerol, polyethylene glyeol, glyeerin, oil, salt
{e.g., such as sodivm, potassium, magnesinm and amrmonium}, phosphonate, carbonate ester,
fatty acid, saccharide, polysaccharide, stabilizing agent {e.g., glvcoprotein, and the like for
imparting enhanced stabilifty, as necessary and suitable for manufacture and/or distribution of
the pharmaceutical compostiion), excipient, preservative {e.g., to increase shelf-life, as
necessary and suitable for roanufacture and disiribution of the pharmaceutical composition),
bulking agent {¢.g., microcrystalline cellulose, and the Hke), suspending agent (e g, alginic
acid, sodiom alginate, and the like), viscosity enhancer {e.g., methyleellulose), taste enhancer
{e.5., sweetener, flavoring agent, taste-masking agent), binder (generally, to impart cohesive
quality 1o a tablet or solid formulation; e g, gelatin, natural and/or synthetic pums,
polyvinyipyrrolidone, polyethyiene glycol, and the like), extender, disintegrant {e.g., sodium
starch glycolate, sodivm carboxymethyl celiulose, starch, and the like), dispersant, coating
{oenerally 1o impart a surface active agent 1o 2 tablet or solid formulation; e g, polysorbate,
tale, sificon dioxide, and the like), lubricant {e.g., magnesium stearate, calcium stearsis,
sodium lauryl sulphate, and the like), or colorant. Other suitable additives include those
described elsewhere herein. As known {0 those skilled in the art, an active ingredient may be
formulated into a pharmaceutical composition using methods and one or mote
pharmacentically acceptable carriers well known in the art, taking the desived features of the
pharmaceutical composition, as described above, in mind during foronulation. Depending on
such desired features, typically s pharmaceutical composition may comprise from about 196
by weight to about 809 hy weight of poly{urea-urethane), and from about 10% by weight to
about ¥9% by weight of pharmaceutically acceptable carrier.

[0637]  According to some embodiments, a system and/or method of the present invention
may comprise topically applying a composition comprising a poly(ursa-wrethane) polymer.
The poly(urea-urethane} polymer may be present in the composition in a range of about 10%
to about 25% by weight of the composition or any range and/or individual value therein, such
as, bt not limited to, about 10% o about 20%, about 12% {0 about 20%, or about 15% 1o
about 20% by weight of the composition. In certain embodiments, the poly{urea-urethane)
polymer may be present in the composifion in an amount of about 10%, 11%, 12%, 13%,
14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, or 25% by weight of the
composition or any range therein, In some embodiments, the poly{urea-urethane) polymer

ey be present is the composition in an amount of about 16% by weight of the composition.
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{BO58] The term "bacteria,” as used herein, includes any organism from the prokaryotic
kingdom, including gram positive and gram negative bacteria. These organisms include
genera such asg, but not limited 1o, Agrobacterinm, Ansercbacter, Agualbacterium,
Azorhizobiiim, Bacillus, Bradyrhizoblum, Cryobacterium, Escherichia, Enterococous,
Heliobacterium, Klebsiella, Laciobacittus, Methanococeus, Methanothermobacter,
Micrococcus, Mycobacterium, Oceanomonas, Peendomonas, Ridrobium, Staphylococeus,
Streptococens, Streptomyees, Thermusaguaticus, Thermaerobacter, Thermobacillus, and the
like. Exemplary bacteria include those described in United States Patent Application
Publication Mo, 2003/0068808.

{8059] The torm "virus,” as used herein, includes any virus, including double-stranded
DMNA viruses (e g., adenoviruses, herpes viruses, poxvireses), single-stranded (+}-sense DNA,
viruses {e.g., parvoviruses), double stranded RNA viruses {e.g., reoviruses) , single-stranded
{(+isense BRINA viruses (e.g, picornaviruses, fogaviruses), single-stranded {-)sense RNA
viruses {e.2., orthomyxoviruses, thabdoviruses), single stranded {+)senss RNA having a
DMNA Intermediate in the life-cyele (e g, retroviruses), and double stranded DMNA with RNA
jntermediate {e.g., hepadnaviroses). FExemplary viruses include hurnanpapilloma virus,
herpes simplex virus and poxvirns,

[6060] The term "fungus,” as used herein, includes any fungus or mold, including
arbuscular myveorrhiza, conidiophores, chyiridiomycota, blastocladicmycota,
neocallimastigomycota, zygomycota and glomeromycota. The term also includes slime
molds and water molds. Exemplary fungt include candida, malassezia Rurfur, Pityrisporum
ovalae, and dermophytes such as Trichophyton, Microsporum and

Epidermophyton. According 1o some embodiments of the present invention, provided are
poly{urea-urethane} polymers that include (a) a primary and/or secondary polyamine; (b} a
polviso(thiolevanate andfor a derivative thereof; {0} optionally, a polyoel; and {d) optionally,
additional comonomers,

16061 In some embodiments of the present invention, the poly(urea-urcthane) pelymer
inchides an aliphatic primary and/or secondary polyamine. The prirary and/or secondary
polyaming may alse include various other fumetional groups within the pelyamine, including
poiyether, polyester, polvearbonate and/or polypropylene linkages.

[08062] In some embodiments, the polvamine includes & primary diamine that includes at
least one polvoxvalkylenediamine. For example, in some embodiments, the polvamine

includes a diamine encompassed by Forpmlda 1,
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Ry
NHp{_ ~c:°;71 )\
MO
Ry
Formuia 1

»
wherein Ry and R; are each independently hvdrogen or alkyl;

nis 0 or a positive infeger, such as 1, 2, 3 or 4; and

x is & positive integer in a yange of 1 10 100, and in some embodimenis is 1, 2, 3, 4, §, 10, 5¢
or 100, Exemplary primary polyoxyalkylenediamines include Jeffamine® D-2000
polyetheramine, manufactored by Huntsmaen Petrochemieal Corporation and Poly-A® 27+
2000, manufactured by Arch Chemicals.

{66631 in some embodiments, the polyaming includes an aliphatic secondary diamine that
includes an WN-alkyl polyoxyalkylenediamine. For example, in some embodiments, the

polyamine includes an alipbatic secondary amine encorapassed by Formula 2.

Ry
. ‘ R
R/““%r”“?’?’f}v’i\ .
3 R, % H

Formula 2
wherein Ry and R; are cach independently hydrogen or alicyl
Rs and Ry are each independently alkyl or aryl;
1 is { or a positive integer, suchas 1, 2, 3 or 4; and
K 18 & positive integer in a range of { o 100, and in some embodiments 15 1, 2, 3, 4, 5, 10, 50
or 100,
{00641 In some embodiments of the invention, the primary and/or secondary polyamineg
inchuded in the polv{urea~urethans) may include an aryi(ene) functional group, such as
phenvi{ene), naphthyl{idene) and the ke, The primary and/or secondary polyaming may
also inchade various other functional groups, such as polyether, polyester, polycarbonate
andfor polypropylene linkages,
{8065] In somme embodiments, the polyvamine includes an sromatic primary diamine, such as 2

compound encompassed by Formula 3.

Formula 3
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wherein a 18 a positive infeger, such as 1, 2, 3, 4 or 3. In particular embodiments, the primary
aming groups are sach located on their respective phenyl rings at the para position,
{3066} In some embodiments, the polvamine includes an aromatic secondary diamine,

such as a compound encompassed by Formula 4,

i
N
VS B .
R :/ 7 \ZXNE{/ R
“HE

Formuia 4 ,
wherein a is & positive integer such as 1, 2, 3, 4 or 5, and R and R are cach independently
alkyl or arvl. In particular embodiments, the secondary amine groups are each located on
their respective phenyl rings at the para position. Exemplary aromatic secondary diamines
include Untlink® 4200, manufactored by Dorf Ketal Chemicals.
{80671 As one of ordinary skill in the art will appreciate, mixtures of different types of
polvamines may be used in some embodiments of the invention, nclading mixtures of
primary and secondary amines,
{80681 According to some embodiments of the present invention, a polyiso{thio)cyanate
is included in the poly(urea-urethane} polvmer, Any suitable polyiso{thic)ovanate may be
inchuded in the composition including, for example, aliphatic polyisoovanates, arcmatic
pelyisncyanates, alicyclic polvisocyanates, heterocyclic polyisocyanates and heteraromatic
polyiscevanates. Exemplary polyvisocyanates include polyaryl polvisocyanaies as defined in
ULS. Patent No, 2,683,730, tolylene difsocvanate {(also referred to as "TDH™);
triphenyhmethane-4,4 '4 “-riisocyanate, benzene- 1,3, S-iriisocyanate; toluene-2,4,6-
triisocyanate; diphenyl-2,4,4"-triisocyanate; hexamethylene dilsocyanate; xylylene
diisocyanate; chlorophenylene diisooyanate; diphenyimethane-4,4'-diisocyvanate;
naphthalene-},S-difzocyanate; xylene-alpha, slpha'-diisothicovanate; 3,3 -dimethyl-
4. 4'biphenylene ditsocyanate; 3-3'dimethoxy-4,4 -biphenylene diisocyanate; 27,3,3 -dimethyl-
4.4 biphenylene ditsocyanate; 3,5 “tetramethyi-4,4’ biphenylene dilsocvanate; 2,2°,5,5°-
tetramethyl-4, 4 biphenylene dilsocyanate, 4, 4'methylenctis(phenylisocyanate); 4,4’
sulfonyibis (phenylisoovanate); 4,4%-methyviens di-orthotolvlisocvanate; ethylene
diisocyanate; ethylene ditsothiveyanate; ethylidene diisocyanate; propylene diisocyanate;
butylene diisocyanate; cyclopentviene-1,3-dilsocyanate; cyclohexviene-l 4-ditsocyanate,
cyclohexylene-1,2 diisocyanate, 2,4-tolvlene ditsooyanate; 2.6-tolvlene dilsocyanate; 4,4

diphenvimethane diisocyanate; 2,2-diphenylpropane-4,4'-dilsncyanate; p-phenylene

Fremd
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ditsocyanate; m-phenylens-1,5 diisocvanate; xvlyiene diisecyanate; 1,4-napthylene
diisocyanate; 1,5-naphthylene dilsocyanate; diphenvi-4,4" diisocyanate; azobenzene-4,4'-
ditsooyanate; diphenylsulfone-4,4'-dlisocyanate; dichlorchexamethylene dilsocyanate;
totramethylene ditsocyanate; peptametylene ditsocyanade; hexamethylene diisocyanate; 1~
chlorobenzene-2 4-diisocyanate; furfurvlidene diisocyanate; {ripheny! methane iriisocyanate;
1 4-tetramethylene diisocyanate; 1,.&-hexamethylene diisocyanate; 2,2 d-trimethyi-1.6-
hexamethylene diisocvanate; 1,12-dodecamethylene dilsocyanate; cyclohexane-1,3(and-1,4})-
diisocyanate; 1-isocyanato-2-isocyanatomethyl cyclopentane; 1-isooyanato-3-
isocyanatomethyi-3,3,5- trimethyl-cyciohexane (isophorone ditsocyanate or IPDI); bis-{4-
isocvanatocyclohexvl-methane; 2,4'dicveiohexyi-methane diisocyanate; 1,3+ and 1,4~
bis{isocyanatomethyli-cyelohexane; bis~(4-isocyanato-3-methyl-cyclohexyl)-
methane,0.0,0°,0 -tetramethyl- 1,31 -isooyanato- Lmethyl-4 3 3Hsocyanatomethyl
eyelohexane; 2,4-, 1,3~ and/or 1,4-phenylene ditsocyanate; 2,4~ and/or 2,6-toluylens
diisoovanate; 2,4 and/or 4,4"-diphenyl-methane ditsccyanate; 1.5-dilsocyanato naphthalens;
aromatic polyisocyanates containing 3 or more isocyanate groups such as 4,447
iriphenylmethane diisocyanate, trimethylensdiisocyanate, tetramethylene diisocyanate and
hexamethylene diisocyanate; xylene diisooyanate; | S-napththviene diisocyanate; 1,4+
phenylene ditsocyanate; 4,4-'diphenvimethane diisocyanate (also referred to as "MD"}
{Dow's ISONATE® 125M); 4,44 triphenylmethane triisocyanate; and 3,3 -dimethyl-4.4'-
diphenylmethane diisnoyanate; and the like. Aliphatic ditsocyanales such as the Uy aliphatic
diisocyvanate derived from the dimer of ricinoleie acid can also be suitably exaploved and are
commercially available, for example, gs DDI-1410 (Henkel Corporation, Resin Division,
Minneapolis, Minn), Other examples of polyisocyanates can be found, for exampie, in The
Development and Use of Polvarethane Products, E. N Doyle, McGraw-Hill Book Company,
page 27 (1971 and Polyurethone Handbook, Gunter Certel Hauser, Gardner Press (19943,
[6069] Mixtures of two or more polyise{thio)cyanates nray also be used. Furthermore,
different isomers of the same isocyanate or isothiocyanate may be uged. For example, in
sotoe embodiments, a mixtore {e.g., 80/20 or 65/35 by weight) of 2,4-toluenc diisocyanate
and 2,6 toluene dilsocyanate roay be used.

{88701 In some embodiments of the invention, the polyiso(thiojoyanates are Hauid at
ambient temperatures. Liguid polvisofthiccvanates may facilitate the production of
polymeric products and may obviate the need to melt or dissclve a polyiso{thio)eyanate price
to reacting it Suitable liguid polyisocyanate materials are known o those of ordipary skill in

the art and include, e g., a liguid polyisocyanate disclosed in U.S. Patent No. 3.394,164,

I8
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o711 Prepolymer polyisocyvanates of higher molecular weight (e g, greater than 500
grams per mole} that have been cleanly sivipped of low molecular weight diisocyanate
starting materials may be particularly useful in applications wherein the presence of trace
difsocyanate monomers may be undesirable in end use applications, ¢.g., when trace
dilsocyanaic monomers may causge trritation or sensitization,

[6672] In particular embodiments of the invention, the polyisocyanate is MDlora
derivative thereof. MDI iz 2 solid with a melting point of 38 °C and may form significant
guantities of insoluble dimers when stored above 40 °C. Therelore, so-called "modified”
M derivatives, which are Houid at room temperature and bave a reduced tendency t©
dimerize, may be used. Modified MDIs include those formed by reacting the dilsecyanate
with a short polyol in a 2:1 diisocyanate to diod ratio, with 2 short triviin a 3:1 diisocyanats o
tricl ratio or by converting part of the mixture o a trifunctional carbodiimide-based
diisocvanate trimer having the structure of Formula 5. Such an admixture may be obtained

from Dow (Liguid MDY, fsonate 1431}
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Famula 5

{8673} Both of these modifications may provide the MDI with suitable reactivity and a
relatively long shelf-life. In some cases, a modified MDI baving approximately 2.2
isocyanate groups per molecule may have a shelf life of up to 6 months, in & moisture-
controlled environment, and at g temperature of between 23°C and 35°C.

$074] The MDI may also inchude mixtures of different isomers, including 2,4 and 2,2
ispmers, The Z-substituted confipuration is typically less reactive than the 4-substituted
configuration. The use of different isomers may affect the polymer architecture of the
poly(urea-urethane) polvmer, and additionally, when a relatively high percentage of MDI
isomers is incorporated into the poly(urea-urethane), a lower molecular weight polymer may
result. Furthermore, 2,4~ and 2,2~ linkages may introduce 2 "kink” or bend in the polymer

chain, which may reducs the tendency of the materials to crystallize. The choice of MDI
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derivative {2.g., isomer) may affect properties of the solution, the cured film {e.g., curing
time), etc. Therefore, the composition of the MBI (or any
polyisocyanate/polyisothincysnate) may be selected as desived for a particular application.
{0875} Liguid polyisocyanates may also be formed doring the synthesis of MDE In the
production of MDI via the condensation of aniline with formaldehyde, thereby converting the
amine groups to the corresponding isocyanate groups, a portion of the initially formed bis-
adduct of aniline and formaldehyde may further react with the reaction mixture fo form
polymeric aniline derivatives that may be converted to isocvanates. Typically, such
polymeric derivatives will have a functionality of from about 4 to about 15, and in sowe
cases, about 10 isocyanate groups per molecule. Such polymeric polyisocyanates may be
obtairied after removal of pure MU by distillation. These polyisocyanate products nay be
used by themseives or in an admixture with pure MDIL For example, the undistilled reaction
mixture of pure MDI with the polymeric MDIE may be used. Such polymeric MDI products
ave commercially available under such trade designations as RUBINATE® M, RUBINATE®
LE-168 and RUBINATE® 1F-209 (Huntsman Polyurethanes, Getsman, LA} and PaPI 27,
PaPy 135, Pal'l 580 and PaPl 901 (Dow, Kalamaszoo, ML

19476} In some embodiments of the invention, the polviso(thio)cyanate component may
be present in the form of a polyiso{thioloyanate adduct. For exarple, the polvisceyanate
may be present as an adduct that includes isocyanurate, uretidone, biuret, urethane,
allophanate, carbodiimide and/or oxadiazinetrione groups. In some embodiments, the
polyisocyanate adducts have an average functionality of 2 to 6 and an NCO content of 5 to
30% by weight. The isooyanato-isocyanurates generally have an average NCO functionality
of 3 1o 3.5 and an NCO content of § to 30%, i some embodiments 10 0 25%, and in
particular embodiments, 15 to 23% by weight. In some embodiments of the invention, a
mixture of polyisoeyanate adducts are present, such as a mixture of isocyanurate and
allophanate groups,

{8077] According to some embodiments of the invention, the polvise{thiojcyanate
commponent is present as a prepolymer (hereinafter, collectively referred to as "NCO
prepolyvmer™y. Such NCO prepolymers may be prepared from any of the previously described
polvise{thio)cyanates and/or polyise(thio)oyanurate adducts, in combination with an organic
compound that is capable of reacting with the polyiso(thiojevanates andfor
polyiso{thiojeyanurate adducts, In some embodiments, such organic compounds include a
polvol, ez, a polyel desoribed herein. In some embodiments, the prepolymer is formed with

an organic compound having a number average molecular weight in a range of 400 to 6000,

pik
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and in some embodiments, in a range of 800 to 3000, Furtbermore, in some smbodiments,
the prepolymer 1s formed with an organic compound having a number average molecular
weight of less than 400, Such molecular weights may be determined by end group analysis
{OH number).
{B078] With regard to the organic polyisocyanates, the prepolymers and polyisocyvanate
adducts, reference is made to ULS. Patent No. 5,516,873 and ULS. Patent No. 6,515,125 and
references contained therein.
{79] As one of skill in the art would readily appreciate, mixtures of any of the above
polyiso{thio)ovanates, including derivatives thereof, may be incorporated in the poly{urea-
wrethane} polymers described herein. In particular embodiments, ndxtures of MDlI and
derivatives thereof are utilized, inciuding those mixtures marketed under the tradenams
Lupranate® (e.g., Lupranate® 81 and 218), manufactured by BASE Altiengesellschafl.
B8] In some embodiments of the invention, a polyol 18 notused to form the poly(urea-
urethane)} polymer. In such a case, a poly{ures} may be formed. However, in some
embodiments of the invention, a polyol may be incorporated into the polymer and a
poiv{urea-urethane) polymer may be formed. For example, in some embodiments, an
aliphatic polvol is included in the polyv(urea-urethane) polymer. In some embodiments, the
aliphatic polyvel includes a diol having 8 structure encompassed by Formula 5.
HO-CH )0 H
Formula &
wherein i is a positive integer. In some embodiments n is & positive integer in a range of 1 to
£, in some embodiments i a range of 5 t¢ 9, and in some embodiments, nis 1,2, 3 or 4.
Exemplary polyoels include ethyiene glycol, propylene glycol and butylene glycol (such as
1,3+, 1,4~ and 2,3-butviene glycol).
{33811 In some embodiments, the polyol includes a diol baving a structure encompassed by
Formula 6.
H{O FHT)H QO
R K
Formuia 8
wherein p is a positive in‘i@g@rﬁ and R and R’ are each independently hydrogen or allyl, In
some embodiments, pis an integer in a rangs of 1 to 100, in particular embodiments, pis 1, 2
or 3; and in particular embodiments pis 4 or more. Exermnplary polyols include polyethylene

glyeol and polypropylene glyeol having various molecular weights (e g., 200, 400, 600,

3
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1000}, Other polyols include trimethyiol propane and those marketed under the name
Multranol® {e.g., Multranol® 4012}, manufactured by Bayer Material Science,
{0082} Az one of ordinary skill in the art will appreciate, mixtures of polvols may be used
in some embodiments of the invention. In particular emmbodiments, ethylene glveol and
propylene ghyeo! are provided in equal amounts. Additionally, as described above, in
particular embodiments, polyols may be used to form prepolyiners with the
polyiso{thiojevanates.
[8083]  In some embodiments of the invention, other comonomers may be reacted with
the palyamines, (optionaily} polyols and poly(isojthiocyanates and become incorporated into
the polv{urea-urethane) polymer. For exaraple, in some embodiments, siloxanes may be
incorporated into the poly{urea-urethane). Siloxane seginents may impart additional water
resistance and flexibility to the coating. Additonally, siloxanes such as poly{dimethyl
siloxane) may be used fo treat burng, and so Incorporating such materials into the poly{urea-
urethane) may provide additional beneficial properties to the coatings. Such siloxane
segments may be introduced into the poly{urea-urcthane} by incorporating siloxane-
containing polyols, polyamines, polyvisocyanates, aleohols, amines and isocyanates into the
reaction mixture. Exemplary polyols and polvamines roay be found in U.S. Patent Nos.
3,384,599, 4,737,558, 4,962,178, 4,842,212, 5,221,724, 5,430,121, 5,589,563 and 5,196,458,
{6084] Fluoringted comonomers may also be included in the poly(urea-urethane)
polymer, according to some embodiments of the invention. Fluorinated segiments
incorporated into the polyurcafurethane polymer may hopart additional water
resistance/repellency, and may also impart hydrocarbon resistance and/or low surface tension
materials, in embodiments wherein such characteristics are desivable. Such fluorinated
segments may be introduced into the poly(urea-urethane) by incorporating fluorine-
containing polyols, polyamines, polyisocyanates, alcohols, amines and isoeyanates into the
reaction mixture, Such fluorinated comonomers are known to those skilled in the art.
Exemplary fluorinated comonomers inclade those deseribed in U5, Patent No. 5,453,540, EP
064679681 and WO 2007/011593A1,
EHIRRY The poly(urea-urethane) polymers according to embodiments of the invention
may be prepared using any suitable technique known 1o those of skill in the art. As such, the
polymerization methods may be homogenous or heterogeneous, including, ¢.g., solution,
precipitation, suspension and emulsion polymerization ruethods. Such polymerization
techniques are deseribed in further detail in Principles fn Polymerization, by George Odian

(Wiley-Interscience, 47 ed., 2004). Specific examples of heterogeneous polymerizations
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including isocyanate-based polymerizations to form polyureas and polyurethanes, and relaled
polymers, may be found in U.S. Fatent Nos, 4,107,256 and U3, Patent No. 6,197,878,
6086} Depending on the polymerization method utilized, additional surfactants or
stabilizers may necessary in order to prevend agglomeration or precipifation. Such additives
are well-known to those of skill in the art and may be chosen so as 1o be chemically
incorporated (e.g., covalently linked) into the poly(urea-wethane} polymer. Such additives
may also be chosen so as to avoid reactivity with the monomers employed in the formudation.
{6087} The order and rate of adding the polvamines, polyols, additional moenomers and
polyiso{thio)ovanates may substantially alier the final architecture of the resulting
prepolymer, As such, various preparations may be used to achieve the desired polymer
structure. In some embodiments of the invention, the polyamine, polyol, polyisocyanate and
additional comonomers may be added to a solvent at one time, or may be added ina
particular order. Toward this end, in some embodimentis, one or more of the monomers may
be added o the reaction mixiure in a continuous addition mode {e.g., via batch, semi-batch or
continuous polymerization methods), Additionally, under some ¢ircumstances, spocific
combinations of monomers, such as polyamines and polyisocyanates, or polyols and
polyisocyanates, may be reacted in & first step to form a polymeric isocyanate prepolymer.
Such prepolymer synthesis may allow for the further control of polymer architecture,
solubility or allow for tailoring of the properties of the final polyvmer surface, In particular
embodiments of the invention, all polyarsine and polvol monomers are added o a solventin g
first step and then the isoeyanate i3 added in a second siep. In such circumstances, the
isocvanate will react and incorporate the pelyamines and polyols in g statistical fashion
according to thelr relative reactivity,

{DBEE] Catalvsts may be added to the polymerization mixture in order to increase or
otherwise control polyvinerization or curing rates. Such catalysts are known to those of skill
in the art, and include, e.g., the catalysts descrited in ULS, Patent No. 4,960,620,

The polyamines and polvols may react with the polyisocyanate at room temperature.
However, in some embodiments, the reaction medinm can be heated {o facilifste the reaction.
[0089] In some embodiments of the invention, provided are pharmaceutical compositions
that include {a) at least one poly(urea-urethane) polymer according to an embodiment of the
resent invention, a pharmacewtically acceptable salt thereof andfor monomers thereof, (M) a
pharmaceutically acceptable carrier; and (¢} optionally, other additives,

{6856] Any of the polyures or poly(urea-urethane) polymers described herein may be

inclnded in a composition, such a5 g pharmaceutics] composition, for use in a system and/or
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method according o embodiments of the invention. In addition, monomers that will form
such polymers upon curing may also be included in & composition according to embodiments
of the invention. Furthermore, mixtures of any polyurea polvmer, poly(urea-urethane)
polymer and mogoroeers theres! may also he present in compositions according to
embodiments of the invention.

{60811 Avcording to some embodiments of the invention, poly{urea’polyurethane}
composttions include a pharmaceutically acceptable carrier. In some embodiments, the
pharmaceutically acceptable carrier is a solvent that can cowpletely dissolve the monomers
{polvamines and polyiso(thiolcyanates, and optionally, polvols and additional comonomers),
Additionally, in some embodiments, the pharmaceutically acceptable carrier will reduce the
reaction between the reactive proups in the poly{urea-urethane) monomets and/or reduce or
prevent the poly{urea-urethane’ from solidifying or gelling until the desired time, such as
when the solvent {s removed from the solntion, e.g., via evaporation,

06921 In particular embodiments of the invention, the pharmsceutically acceptable
carrier inchides a solvent such as an aldehyde; ketone; ester; ortho, meta, or para-
dimethyibenzens; MNaacthylpyrrolidone; Solvesso solvent; a hydrocarbon solvent, such as a
petrolesm hydrocarbon solvent; a lactone; a siloxane, or 8 mixture of any of the above.
Additional solvents may be found in U8, Patent Publication Nos. 2006/021627, and U8,
Publication No. 2Z006/008856A1 and U8, Patent Nos, 3,377,516, 4,987 853, 5,103,812,
6,458,376, 5,994,863, 5,874,481,

VR In some embodiments, an aldehyde or ketone solvent has a structure encompassed
by Formula 7.

o

-

Formula 7,
wherein B and R’ are each independently selected from hydrogen and alkyl In some
embodiments, the alkyl may nclude 1, 2, 3 or 4 carbon atoms. o some embodiments, R and
R’ together form a ring, such a3 a five or six mewmbered ring. Exemplary ketones include
acetons, methylethyiketone (MEK), methylisobutylketone and N-methylcyclohexanone,
Exemplary aldehydes include scetaldehyde, propionaldehyde, butyraldehyde and
isobutvraldehyde.
IS4 As an additional example, in some embodiments, an ester solvent has a structurs

encompassed by Formula 8.

R

—OR

3
Y
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Formula 8,
wherein R is hydrogen, alkyl (such a5 an alkyl inchuding 1, 2, 3 or 4 carbon stoms) or alkoxy
{such as an alkoxy that includes 1, 2, 3 or 4 carbon atoms); and
R is an alkyl group (such as an alkyl that includes 1, 2, 3 or 4 carbon atoms). fo some
gmbodiments, B and R’ together forp a ving, such as a ring that includes 2, 3, 4 or § carbon
atoms. Exemplary ester solvents include methy! acetate, ethyl acetate, butyl acetate, and
methyl propy! acetate,
HHST In particular embodiments of the invention, siloxane-based solvents, such as
hexamethyldisiloxane, pentamer cyclomethicone tetramer cyclomethicone and mixtures
thereof can be emploved in poly(ures-urethans) compositions of the invention, Other
suitable siloxane solvents are described in ULS. Publication No. 2007/0041935 to Salamone et
al, ULS, Patent No. 6,280,732 to Panin, U8, Patent No. 5,582,815 0 Appino and U8, Patent
Mo, 5,738,857 to Seipka.
{H196] According to some embodiments of the invention, the compositions deseribed
herein may include other additives, including, but not limited to, catalysts, UV absovbers,
fillers, plasticizers, blowing agents, ritxecs%{}gy modifiers, viscosity enhancers, adhesion
promoters and those described in US. Patent Application Publication No. 2006/0216267.
Other additives are described elsewhere herein
{60571 As described above, the carrier can be in a wide variety of forms, such as sprays,
emulsions, mousses, Hguids, creams, ails, lotions, ointments, gels and solids. Inthe case of a
sohuation, it can be lvophilized to a powder and then reconstituted impnediately prior to use,
For dispersions and suspensions, appropriate cartiers and additives include aqueous gums,
celluloses, silicates or oils.
{80981 In particular embodiments, suitable pharmaceutically acceptable topical carriers
include, but are not limited to, water, glycerol, aleohol, propviene glveol, fatty slechols,
triglycerides, fatty acid esters, and mineral oils. Suitable topical cosmetically acceptable
carriers include, but are not imited to, solutivns, emulsions, dispersions, suspensions, syrups,
elixirs, and the like with suitable carriers and additives being water, alcohols, oils, ghyeels,
preservatives, flavoring agents, coloring agents, suspending agents, petroleum jelly,
petrolatum, mineral oil, vegetable oil, animal oil, organic and inorganic waxes, such as
microorystalline, paraffin and ozocerite wax, natural polymers, such as xanthanes, gelatin,
cellulose, collagen, starch or gum arabic, synthetic polymers, alcohols, polyols, and the ke
Preferably, because of its non-toxic topical properties, the phanmaceutically andfor

casmetically-acceptable carrier 1s substantially miscible in water. Such water wiscible carvier

o
(o
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compositions can also include sustained or delaved release carriers, such as liposomes,
mricrosponges, microspheres or microcapsules, agueous based ointroents, water-in-oil or oil-
in-water emulsions, gels and the like.

[6099] in addition to lquids, the compositions according to embodiments of the invention
may be provided in an aerosol or non-aerosol spray. The aerosol spray, whether formed from
solid or liquid particles, can be produced by the acrosol generator. Any suttable propellant
may be used in carrying out the present invention. Particularly, fbrmulations o be applied in
spraving forms such as dispersible concentrales or powders may contain surfactants such as
wetting and dispersing agents, e.g., the condensation product of formaldehyde with
naphthalens sulphonate, an alkviarylsulphonate, & lignin sulphonate, & fatty alkyl sulphate,
and ethaxylated alkylphenol and an ethoxylated fatty aleohol.

{81007 In particular embodiments, formulations suitable for topical application to a nail
can lake the form of an olntment, cream, lotion, paste, gel, solution, spray, acrosol, or oil,
Carriers that can be used include petroleum jelly, lanoline, polyethylene glveols, alechols,
transdermal enhancers, and combinations of two or more thereof,

{00181 According to some embodiments of the present invention, pharmaceuticsl
compositions may be formulaied as single component formulations. The term "single
component,” as used hereln, refers to a "one pot” formulation that does not require a curing
agent or accelerant in order to cure the formulation and form a film, Instead, the formulation
can be adminisiered to a subject in need thereof in the manner 1o which it is stored, without
combining or mixing the formulation with another component.

[801821  Such single component formulations may be obtained by reducing the reactivily
of the components in the formulation. In order to achieve this, the single component
formulations can be prepared by judicious selection of the appropriate amounts of each
compenent, a3 well as the appropriasie amount and type of solvent. For example, in some
embodiments, the solvent is present in the formulation in an amount in a range of about 10
weight percent and about 95 weight percent. In particular embodiments, the solvent is
present in the formulation in an amount in 8 range of about 50 weight percent and about 90
weight percent.  Furthermors, in some embodiments, the polvaming component includes g
secondary polyamine in an amount in a range of about (L5 weight percent and § weight
percent, Additionally, the particular polyiso(thic)eyanates included may also affect the
reactivity and so particular polyiso(thio)cyanates are useful Tor achieving single compouent

formulations. For example, modified MDI polyisocyanates having higher percentages (e.g.,
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ing range of 10 % and 4G %) 2-substituted phenyl isocvanate groups, such as modified MIN
polyisocyanates including Lupranate® 218 and Lupranate® €1, may be used.

{6B183]  In some embodiments, the amount of solvent employed is that which is sufficient
to dissoive a first set of reactants (polyamines and optionally polyols and any additional
comonomers) with the polyiso(thio)cyanate second reactant, and allow for the reaction
product thereof, i.e., the poly(ursa-urethane} to remain in solution without precipitation or
gelling. Typically, the amount of solvent emploved is about 10 to 80% of the total reaction
solution volume, The amount of solvent is adiusted depending upon the viscosity desired for
specific application requirements. Typically, the reaction product viscosity will range from
about .05 centipnise to about 1800 centipoise at roorn temperature.

[68104]  According to some embodiments of the invention, the single component
polv{urea-urethane) compositions can be stored for a relatively long period of time, 2.8,
greater than 3 months at 25°C without exhibiting precipitation or gelling, greater than 6
months at 25°C without precipitation or geliing, greater than 1 year at 25°C without
precipitation or gelling, or oven greater than 2 years at 257C without precipitation or gelling,
Accordingly, such compositions can be applied in any wanner that allows for the removal of
at least a portion of the pharmaceutically acceptable carvier, leading fo the formation of a
solid, cured polv{urea-urethane) material,

(86165} While the process and the single pot formulation permits the production of
polymeric materials without the use of blocking agents, end-capping chemical modifications
or thermally activated catalysts, e.g. caprolactun, B-carbonyi compounds (such as ethyl aceto
acetate, ethyl malonate), alcohols and oximes; pelvmertzation additives of vatious types
employed in the manufacture of polymeric products can desirably be employed. For example,
such polymerization agents as catalysts, ultraviolet absorbers, fillers, plasticizers, blowing
agents, ete., can be employed where desired. Further information on such additives may be
found in U.8. Patent Publication Wo, 2006/0216267 and elsewhere herein.

1601486] The present invention is explained in greater detail in the following non-

Hmiting Examples.

Examples
Hxample |
[60187] Exemplary compositions of the present invention are provided below. All
component amounts are identified in terms of stoichiometrically balanced volme amounts

expressed as milliliters, Liguid thermosetting, hydrophobic, elastoreric, non-toxic polymer

27
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solution compositions were prepared by adding the reactants in the sequence given. Solutions
were stir-blended constantly at 20 paddle revolutions per minute during the sequential
addition of the ingredients, and for 15-20 minutes after addition of the last ingredient. These

parameters of the stir-blending process, in ferms of revoelations and time, are the most

Lol

optimum for obtaining meaximum sequential reactivity of the ingredients during blending. Th
sequential rixing process was done at ambient conditions of 70-80° Fahrenheit, abowt 750~

760 mm Hp, and relative humidity of 50-65%.

Treatmerd Device Formulation #1 Working entifier; PMS-1 P-1000

Reagent Yolume Stoichiometric Vohune
fmi} Ratio
Acetone 240 G.505
Acetate 126,75 0,267
Versalink® P-1000 5.5 8.117
Ethyl Giyeo 7.5 $.016
Propylene Glyeol 7.5 8.016
Rubinate® 9259 or 2143 375 £.079
Total: 474.75 L.OG0

Treatment Device Formulation #2 Working Identifier; PMS-3

Reagent Volume Stoichiometric Volume
il Ratio

Acstone 2888 0.752

Acetate 228 8.058

Jeffamine® D-2000 384 0.080

Unilink® 4200 76 0.020

Maultranol® 4012 144 0.038
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No. 21% Isocyanate 198 0.051

Tetal: 3838 1.000

Treatment Device Formulation #3 Working Identifier:, PMS-1 White

Reageny Yolume Stoichiometric Volume
{ml} Ratio
Axetone 132 0.697
Mingral Spirits 44 $4.232
4012 2.2 0.012
Jeffamine® D-2000 3.8 0.046
Neo. 218 Isocyanate 24 0.013
Total: 1894 1.000

1806108} Additional formulations of exemplary compositions of the present invention

are presented below.
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Reagent YVolume Volume | Volume Volume | Volume Volume
{ml} Ratio {ralj Ratio {mi] Ratio
Acgtone 106.8 0702 132.0 0.697 11320 {4705
Mineral Spirits 358 0234 440 (.3232 44.0 0235
Jeffamine® D-2000 5.6 0.043 8.8 0.046 8.8 $.047
Unilink® 4200 1.2 (.008 e e - o
4012 e e 2.2 4.012 e -
No. 218 scoyanate oy
Lupranate® 81 Isocvanate | 2.0 0.013 2.4 (L0113 2.4 4,013
Total 1522 1000 | 1894 1000 | 1372 LO0O
Formulations of Working Identifier; PMS-3
Reagent Volume Yolome - Volume Yolume
fmi] Ratio {mi] Ratio
Acetone 6500 0.776 850.0 0.782
MEK. 50,0 0.059 100.0 0.092
Jeftamine® D-2000 60,0 0078 0.0 8,055
Unitink® 4200 5.0 0.020 15.0 0.014
4012 20.0 0.024 20.0 0.018
Eihyl Giyveol 50 0.006 3.4 0,005
Propylene Glyeol 3.0 8.006 5.0 {.005
Lupracate®81 Isocvanate 32.0 0.038 32.0 0.028
Total 837 1000 1GR7 1.040
{38169} The compositions of the present invention have the following physiological
properties.

1. Mon-Cytotoxic, MEM Eluston--MG §23-0 Dilution

2. Non-Hemeolytic--In Vitra

Lo}

. Non-Pyrogenic--Test T 10, Material Mediated

4. Mon-Carcinogenic--Standard Ames Salmonella Tesis
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Example 2

1001181 For cach of Examples 2-12, the reagents are added in the order given with stirring
for approximately S minutes in between reagent additions. The MDD is added last and is
added slowly with stirring. The reactions were maintained at room femperature, ca. 70 °C,
throughout the reaction, After isocyanate addition was complete, the reactions were stirred
for approximately 10 minutes and then transferred to sample jars for storage prior to being
characterized using a combination of High Performance Liguid Clromatography (HPLC),
(el Permeation Chromatography (GPC), Gel Permeation Chromatography with Multl Angle
Light Scattering detection (GPC-MALS), Nuclear Magnetic rasonance (NMR) Spectroscopy
1o Fourier Transformn Infra Red (FT-IR) Spectroscopy to determine molecular weight, verify

chemical structure and verify reaction completion.

Aceatone | | 850 mil
Methyl Ethyl Ketone 100 md
Polyetheramine; D-20600 60.0 mi
Secondary Diamine; UOP 4200 15.0 md
Polyether Polvel; Multranol 4012 20.0 mil
Ethyvlene Glyeol 5.0 ml
Propylene Glyeol 5.0mi
M Lupranate 5143 320 mi

[08111]  The resulling product was a clear, off white solution from which a small amount
of white solid precipitated and settled to the bottom of the reaction flask. FT-IR speciroscopy
and MMR spectroscopy were used to validate structure and showed that only a small portion
of isooyanate groups are present in the reactive prepolymer. GPC characterization resulted in
polystyrene eguivalent nomber average molecular weight of 1,990 g/mol, weight average
melecular weight of 6,910 g/mol and polydispersity index of 3.5, No peaks corresponding to

residual starting roaterial were observed in the chromatogram.
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Example 3

Acetone 212.5 ml
Methyl Hthyl Ketone 25 ml
Polyetheramine; D-2000 188 ml
Secondary Diamine; UOP 4200 3.75 ml
Polyether Polyol; Multranol 4012 5.0 ml
Ethylere Giveol 125 mi
Propylene Glyeol 1.25 ml
M Dupranate §1 8.0 ml

{81121 The resulting product was a clear, off white solution frors which a small amount
of white solid precipitated and settled to the bottom of the reaction flask. FT-IR spectroscopy
and NMR spectroscopy were used to validate structure and showed that only a small portion
of isocyanale groups are presant in the reactive prepolymer. GPC characterization resulted in
polystyrene equivalent nuraber average molecular weight of 1,960 g/mol, weight average
molecular weight of 9120 g/mol and polydispersity index of 4.6, Mo peaks corresponding t©

residual starting material were observed in the chromatogram.

Example d

Acetone 2125 ml
Methyl Ethyl Ketone 25 ml
Polyetheraming; D-2000 15.0 mi
Secondary [Mamine; UOP 4200 3.75 mi
Polyether Polyol; Multrano! 4012 50 mi
Ethylene Glyeol 1,25 ml
Propylene Glycol 1.25 ml
MDE; Lupranate 81 8.0 mi

{08113]  The resulting product was a clear, off white solution frore which a small amoont
of white solid precipitated formed and scttied fo the bottom of the reaction flask. FT-IR
spectroscopy and NMR spectroscopy were used to validate siructure and showed that only a
small portion of isocyanate grovps are present in the reactive prepolymer. GPC
characterization resulted in polystyrene equivalent mimber average molecular weight of

1,740 g/mol, welight average molecular weight of 3,110 gfmol and polydispersity index

La
=2
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{My/My} of 1.8, No peaks corresponding to residual starting material were observed in the

chromatogram.

Example §

{00114] In this example, the polvetheramine, 13-2000, was first dissolved in a mixturs of
400 ml acetone and 50 mi Methyl ethyl ketone. The MM, Lupranate 3143, 32.0 rul was then
added slowly in order to form a polyether amine prepolymer adduct. The remaining acetone
and methyl ethyl ketone are placed in a second reaction flask and the remaining reagents
added in turn with stiving,  Once the remaining co-monomers were all dissolved the
polyetheramine / MEM prepolymer adduct was added slowly to the second reaction flask. The

resulting formulation was clear with a slighily yellow fint.

Acctone 850 i
Methyl Ethyl Ketone 100 mi
Polvetheraming; $3-2000 60.0 mi
Secondary Diamine; UOP 4200 15,0 mi
Polyether Polyol; Multranni 4012 200 mi
Ethyiene Glyeol SO0 m}
Propylene Glycol 5.0 mi
MBI Luapranate 5143 32.0 mi
Example 6

{@0115) A formulstion according to Example 2 was carried out by pre-reacting Lupranate
53143 and polvether diamine D-2000 in 400 mi of acetone. The resulting solution was then

added slowly to the remaining ingredients, A cloudy poly{urethane-urea) solution resulted.

Example 7
001161 A formulation according to Example 2 was carried oul, except that MEK was

replaced by an equal amount of acetone.

L3
{ad
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Example §
117 A formulstion according to BExarmple 2 was carried out, except that one-half of the
ethylene glveol and one half of the propylene glyeol were each replaced with a

stoichiometrically equivalent amount of polyetherdiamine D-200{.

Example 8

[B0118] A poly(urca-urethane) formulation prepared according to Example 2 was
evaluated for drug delivery potential using in vitro release testing (IVRT) with
hydrocortisone medicgment. Figure 1 shows that a fili formed from a single application of
the formulation, allows hydrocortisone o readily pass through it. This result demonstrates

that the poly{urca-urethane) filio allows transport of medicaments.

Example 1

081191 A poly(urea-urethane) formulation prepared according to Example 2with a
hydrocortisone medicament was painted on a membrane surface 2%, Sx, and 10% in 5 minute
intervals., The resulting films were evaluated using in vitro release testing VRT). Resulis
are shown in Figure 3. The release of hydrocortisone is predictable and is inversely
proportional to the mumber of applications (and hence film thickness). Thus the release rate
of the drug can be controlied by film thickness, These results indicate that the polymer film

can incerporate an agent {drug) into its matrix and release it at a copstant rate.

Example 11

061207 Water vapor transmission testing was conducted on films cast from a poly(wea-
urethane) formulation prepared according to Example 2. Tests were carvied out in
accordance with test method ASTM E 96/E 96M-05 as follows: Aluminum cops were filled
with water to within 194 & mm of the top, and the sample films were sealed across the cup
mouth. Three replicates of each specimen were run. The samples were placed in a sealed
chamber with g saturated solution of magnesium nitrate to maintain a controlled humidity.
The temperature and humidity were recorded with a solid state sensor, and the cups were
weighed periodically {every three and four days, altornately) until a steady rate for mass loss
was observed. The average temperature over the testing was approximately 23°C, and the

average humidity in the chamber was 74%.
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[68121] The permeance of the film samples was calculated from the mass loss rate,
fempergture, humidity, cup dimensions, and film thickoess and are givenin Table 1. The edge
magsk, still alr resistance, and surface resistance corrections were applied o the raw values
obtained. The water transmission rate was high enough that buoyancy correction is not
recessary. Results clearly indicate that the film allows the passage of waler vapor suilicient

to aid in wound healing,

Table 1, Water Vapor Transmission results for poly{urea-urethane) film samples.

Sample Permeance {ng s mmHGY

Example 12

{81221 A poly{uwrea-urethane) fornmulation sample prepared according to Example 2 was
teated for systemie toxicity {acute, injection] In accordance with test method
ANSFAAMYISO 10993-11; 3-day gross observations of toxicity in mouse after single ¥
injection of 70°C/24hr saline and vegetable oil extracts; five albino nafve mice per extract,
five mice per control.

801231 Acceptance Criteria: The test article meets the USP requirernents if none of the
antmals treated with the test article extract show a significantly greater biological reactivity

than those treated with the control.

[06124]  Results: The test article met the requirements of the USP Systemic Injection test

using the extracting media and conditions listed, as no sigmificant biological reactivity was

ohserved.

Esample 13
(001281 A mulii-center, single-arm, self-conirotied clinical wial was performed. A total of

63 subjects were enrolled and 53 subjects completed the trial. The subject population

Lid
LA
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ol

included 50 males and 13 females with a mean age of 51 years. The inclusion criteria were
having a nail fungal infection (Trichophyion (n=62) or Epidermophyton (re=1}) of at least one
great toe by visual assessment and positive dermatophyte culture, with 20% to 65% nail
involvement, and the exclusion criteria were having a nail thickness >3 mm or chronic
disease thal would decreass circulation {o extremities,

{80126] The subjec ¢ assessed before treatment and at 1, 3, and 6 monthis time
points by visual and culiore wethods, Further follow-up of patients was voluntary, but
cortinued to one year, to determine infection recurrence rates or longer-term AE. Due fo the
nature of the product, there was no blinding of the application procedure. The primary
efficacy endpoiat was clearanse of fungal nail infection, defined by negative culture, within
the six-month treatnent phase.  The subjects were self-treated with a 16% by weight
poly{urea-urethane) polymer solution. The treatment regimen was weekly topical application
of the solution to the nail baving the fungal infection for six months,

{08127 o comparisons of total visual parameters {e.g., color, nail involvement,
onycholysis, thickness of nail plate, and subungual hyperkeratosis) at baseline to those at the
S-month assessment, 17% had no change from baseline, 23% showed overall deterioration,
whereas 50% showed improvement in visual nail characteristics, There was an average 20%
improvemend {or all subjects in all visual parameters (color 10%, onycholysis 30%, all others
209} over the six months of the study. The results from the visual assessment are

swnmarized in Table 2.

Table 3: Change in visual assessment paramcters from baseline to stx-month follow-up visit.

v

Color Nail Onyeholysis | Thickness | Subungual

Invelvement Byperkeratosis

Number (percentage} of total subjects

Deterioration | 7 (13%) 6 {11%} 5 {9%; 2 {4%%) % (15%)
No change 08Ty | 21 (40%) 28 (539 33 {(62%}) 25 (47%:)
Improvement | 16 30%) | 26 (49%) 20 (38%;) {8 (34%) 20 (38%)

[B0128]  For patients tracked for 6 months after the ireatment g}ﬁsrimi} the fungal infection
recurrence raie was less than 24%. Based on the literature, it is believed that for fungal

infections there is a 40-60% recurrence rate for marketed products.
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[6012%]  Although the present invention has been described herein with respect to
particuiar foatures, aspects and embodiments thereof, it will be apparent that numerous
variations, modifications, and other embodiments are possible within the broad scope of the
present invention, and accordingly, all variations, modifications and embodiments are 1o be
regarded as being within the scope of the invention. The present embodiments are therefore
o be conatrued in all aspects as lustrative and not restrictive and all changes coming within
the meaning and equivalency range of the appended claims are intended © be enbraced

therein,
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That which is elzimed s

i A method of treating and/or preventing a nail disorder in 8 subject comprising:
topically applyving a composition comprising a poly{urea-urethane) polvmer and/or a
polv{urea-urethane) pre-polymer 10 a nail of said subject, thereby treating and/or preventing

said natl disorder.

2 The method of Claim 1, whereln said nail disorder i3 selected from the group
consiating of nall psoriasis, psoriatic nail dystrophy, onyehia, onychiagryposis, onychia
wrophia, onvehooryptosis, onychodystrophy, onychormycosis, onychogryposis, onycholysis,
onychomadesis, onychauxis, onychorrhexis, onychoschizia, tinga unguium, onychophosis,
onychoptosis, paronyehia, pseudomonas, ptervgium and pterygium inversum unguis,
koilonvchia, subungual hematoma or other traums to the nail, folic acid deficiency,
spbungual hyperkeratosis, levkonyehia, nail patella syndrome, melanonyehia, protein
deficiency, brittle and pecling nails, methyl methacrylate damaged nails, vilamin C
deficiency, vitamin deficiency, tinea unguis, thinning nails associated with lichen planus,
Raypaud's disease, nail dystrophy associated with rheumatoid avthniis, beau's lines, Mee's
lines associated with certain kinds of poisoning, discoloration, lamellar splitting, longitudinal

grooves and/or ridges, ransverse grooves, pitting, sofl nails, any combination thereofl

3. The method of Clabm 2, wherein said nail disorder is not onychomycosiz and/or i3 not

induced or caused by onychomycosis.

4. The method of Claim 1, wherein said natl disorder is natl dysirophy.
A The method of Claim 4, wherein said nail dystrophy is not induced or caused by

onychomycosis.

8. The method of Claim 1, wherein said nail disorder is selected from the group
consisting of onyeholysis, subungual hyperkeratosis, discoloration, onychauxis, psoriatic nail,
onychorrhexis, onychoschizia, lamellar splifting, onychomadesis, brittle nail syndrome,
fransverse grooves, nail pitting, soft nails, nail dystrophy, nail fragility of intact or damaged

nails, and any combination thereof,
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7. The methad of any one of Claims 1-8, wherein sald method treats said nail disorder.
8. The method of any one of Claims 1-6, wherein said method prevents said nail

disorder.
Q, A method of improving the appearance of a nail of a subject comprising:

topically applying & composition comprising a poly{urea-urethane) polymer and/or a
poly{urea-urethane) pre-polymer to said nail of said subject, thereby fmproving the

appearance of said aail.

1k The method of Clanm 9, wherein said method improves the color, surface smonthness,

shape, andfor thickness of said nail.

it The method of any one of Clairms 1-10, wherein said step of topically applying is

carried out at least once per week,

12, The method of any one of Claims 1410, wherein said step of topically applying is

carried out at least once per day.

13 The method of any one of Claims 1-12, further comprising cleaning said nail with a

salvent onee per week.

14,  The method of any one of Claims 1-13, wherein said composition comprises said
poly(urea-urethane) polymer in a range of sbout 10% to about 25% by weight of the

compostion,

1S, The wethod of any oue of Cladms 1-14, wherein said step of topically applying said
composition comprises:
providing said compoesition in the form of a solution; and

coating said nail of said subject with said solution.

16, The method of Claim 15, wherein said step of topically applying said composition
further comprises drying the solution o form a polywrea and/or polyurethane polymer

coating.
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17.  'The method of any one of Claims 1-16, wherein the composition comprises a primary

diamine and said primary diamine optionally comprises polyoxypropyienediamine,
18, The method of Claim 17, wherein the primary polyamine comprises a polyether.

19, The method of any one of Claims 1-18, wherein the composition comprises 8
secondary aromatic diamine and said secondary avomatic diamine optionally comprises NN'-
dialkylaminodiphenylmethane and/or bis(sec-butvlamino)diphenyhmethane.

20, The method of any one of Claims 1-19, wherein the composition comprises a
polyisoeyanate and the polyisocyanate optionally comprises at least one of
diphenvmethanediisocyanate (MDD}, a modified form of monomeric MDL MDI containing
resin, aliphatic dilsocyanates, aromatic ditsocyanates, alicyclic dilsocyvanates, othylene
diisocyanate, ethylidene diisocyanate, propylene dilsocyanate, butylene dilsocyanate,
cvclopentylene-1,3-diisocyanate, cyclohexylene-1 4 ditsocyanate, oyclohexylene-1,2-
ditsocyanate, 2,4-tolyvlene dilsocyanate, 2,6-telylense dilsocyanate, 4,4 -diphenylmethane
diisocyanate, 2,2-diphenylpropane-4,4"-ditsocyanate, p-phenylene diisocyanate, m-phenylens
diisocyanate, xylylene dilsocvanate, 1,4-naphthylene diisocyanate, 1,5-ngphthylene
diisocyanate, diphenyl-4,4’-diisocyanate, azobenzene-4,4"diisocyanate, diphenyisulfone-

4 4’ ditsocyanate, dichlorohexamethylene diisocvanate, {etramethylene dilsocyanate,
pentamethylene diisocyanate, hexamethylene dlisccyanate, I-chlorobenzena-2,4-
ditsocyanate, furfiryhidene ditsocyanate, triphenylethane triisocyanate, and any

combingtion thereof

21, The method of Claim 20, wherein the polyisooyanate comprises MDD, a
polyisocyanate adduct, a modified form of monomeric MDA, a MDI containing resin, and any

combination thereof

22, The method of Claim 21, wherein the polyisocyanate comprises a carbodiimide

maodified MDIL

23, The method of any one of Claims 1-22, wherein the composition comprises a polyol

and the polyol optionally comprises at least one of ethylene glycol, propylene glycol, 1,3+
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butylene glyeol, 1,4-butylene glycol, 2,3-butylene glveol, a propylene oxide adduct of
irimethylol propane, polyethylene glycol 200, polyethylene giyco! 400, polyethylene glycol

500, and any combination thercofl

24, The method of Claim 23, wherein the polyol comprises at least one of ethylene glycol,
propylene glycol, a propylene oxide adduct of trimethylol propane, and any combination
thereol,

25 The method of any one of Claims 1-24, wherein the composition comprises at least
one solvent and the at least one solvent is optionally sefecied from the group consisting of
acetone, methyl ethyl ketone, methylisobutviketone, Ne-methyloyelohexanone, acetaldehvde,
propionaldehvde, butyraldehyde, isobutyraldehyde, methyl acetate, ethyl acetate, butyl

acetate, methyl propyl acetate, and any combination thereofl

26, Themethod of any one of Claims 17-28, whersin the volume ratio of the primary
diamine ranges from about 3.6% to about 12.2% v/v, based on the total vohume of the

composition.

27, The method of any one of Claims 19-26, wherein the volume ratio of the secondary
aromatic diamine ranges from about 0.6% to about 6.8% viv, based on the total volume of the

COMpOsItion.

28, The method of any one of Claims 19-27, wherein the primary diamine and the

secondary aromatic diamine are stoichiometrically balanced.

29, The method of any one of Clairas 19-28, wherein the ratio of the primary and
secondary aromatic diamine to the chain exfension reagerd 15 from about 2.8:1 1o about 3.8:1

by volume.

30, The method of any pne of Claims 1-29, wherein the cornposition comyprises a dye,

colorant, and/or pigroent.

31, The method of any one of Claims 1-30, wherein said composition comprises an

antibacterial, antifunpal, and/or antiviral medicament.
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