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Field of the Invention This invention relates to topical antifungal
conpositions useful for aneliorating or preventing onychonycoses of the
toenails or fingernails, as well as adjacent skin. Mre particularly, the
invention relates to a dual action antifungal nail 10 coat conposition and

the method for applying the antifungal conposition to a fungally
suscepti bl e or infected MTIFMMNMLMTMMEE@B@EUSE of the
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persons between the ages of 40 and 60 years. Some estimates suggest that

onychomycosis affects about 6 to about 13% of the North American population, with

an estimated 4.9 to 12.3 million people being affected in the United States. In

European populations, the estimated overall prevalence of onychomycosis is in the
20 range of about 3 to about 10%.

Delivery of antifungal agents through the nail into the nail bed and
surrounding skin has been minimally effective for the treatment of onychomycosis
(infections of the fingernails, toenails, and immediate adjacent surrounding skin) in the
form of a nail lacquers, primarily because the film forming water-insoluble polymers

25 used limit the diffusion of the drug from the dried film into the nail and skin, and
because previous nail lacquer compositions do not contain the optimum balance of
permeation enhancement to deliver the drug to both the nail and surrounding skin in an
amount sufficient for optimal antifungal activity.

Fungal infection of the nails, commonly referred to as onychomycosis,

30 is most frequently caused by dermatophytes, but can also be caused by molds and
Candida sp. Onychomycosis is predominantly present in toenails rather than
fingernails, in males, and in the elderly. Onychomycosis is most commonly caused by

Trichophyton rubrum (T. rubrum), Trichophyton mentagrophytes (I. mentagrophytes),



fingernails, in males, and in the elderly. Onychomycosis is nost commonly
caused by Trichophyton rubrum (T. rubrum, Trichophyton nentagrophytes (T.
ment agr ophyt es% WD 2004/ 084826 PCT/ US2004/ 008618 -2 and Epi der nophyt on

f1 occusum (9?2 q“’(%"@stun) Onychonycosis due to nonder md€d qoggospge usual | y
caused by Candi da species, such as Candida albicans, and is nore likely to
cause invasive nail disease in fingernails.than in toenails of

i mmunoconpet ent individuals. 5 Onychonycosis has nedical significance
especially in individuals having certain-gliseases, such as di abetes and

ot hers where the individual is imunoconprom sed. Al so onychonycosis can
have a subst ant iaadEpIMﬁzspkwdﬁjEmIstung Slootusaia). IQnyblioniyagsiamteiwi ties, such as
anbul ati on, and SPo s.rem tnents of
onychorryc05| S inIF o&‘gfés lsd‘r%alg' ‘%e(t”’;ganar& SH?CI?SUSﬁlﬁg aanéiﬁ‘{aael?i”dwsuch as
i traconazol e (dlasdnsmhmemlctlyum@emscmvesn/en&delmmm BREREN '
Bi ot ech Product fine (distributed under the tradenane,
LAMSIL(r), by elgor&mg&%ﬂéécﬁ‘é@l&i}?l cal s Corporation). Wile itraconazole
and terbin&fine hydr ochl @wichemyspsis hasgneginat signifirence aspecially énindividyals er

treatment regi nﬁﬁ‘ﬁné‘%aﬂnmﬁseé %ﬁ’&'a@ diaBEtesHAM BTheR wRNESinaRMRared to the
i m dazoles (e.g., ketoconazole), clinically 15 significant drug . interactions

can occur and t FfémP%P‘é‘B@H’c”leé %PlOBXFhP’é‘éiiﬂS‘rsé@ %?t"ePé‘&Eﬁanﬁal updsgireRdnetiRst Thus,
t herﬁ is an Onggf%ﬂﬁlly??%k RAGAS Hich Qs ﬁlﬁ%ulﬂloﬂ%d%@ltm?&fﬁ@ﬁl?ﬁtgﬁ 1s@£re The t
onychonycosi s e a en e.e y i en
ciclopirox di SPPT%F@E%WX%WWOSW%?QWF@ ‘lihPigH’g aﬁfﬁﬁﬂ%@lﬁf‘
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containing a wa ol ub mfo ne d..s de g in US.
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produce hi gh ne attempt has een made employing the antifungal agent, cic OperX

distributed commercially under the trade name PENLAC™ Nail Lacquer by Dermik

20 Laboratories, Inc.), as an 8% topical solution containing a water-insoluble, film-
forming polymer, and is described in U.S. Patent No. 4,957,730 to Bohn, et al.
Another antifungal nail lacquer compositions utilizing a water-insoluble film forming
polymer is described in U.S. Patent No. 6,495,124 by Samour. Yet another nail lacquer
formulation contains 5% amorolfine, a morpholine derivative, and is manufactured by

25 Roche Laboratories under the trade name LOCERYL™ | However, water-insoluble
film-forming polymers, such as used in conventional nail lacquer compositions are fast
drying (less than one minute) solution of water-insoluble polymers and, if brushed
onto the skin area surrounding the nail, tend to irritate the skin area. Additionally,
such traditional, water-insoluble, fast drying, film-forming polymers produce high

30 viscosity nail lacquer compositions and thus limit the mobility and time for active
exchange of the antifungal agent between the film and the nail plate resulting in loss of

treatment efficacy. In some instances, the nail lacquers are suitable only for treatment



30 viscosity nail lacquer conpositions and thus limt the nobility and tinme
for active exchange of the antifungal agent between the filmand the nail
plate resulting in loss of treatnment efficacy. In sone instances, the nail
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topically applying the dggl, %%ﬁt nal d#ﬁﬂﬂgélto ”éii+a1 Rt c oﬁ{ﬁ@{?&lstah&’” to a
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and "two-coat" typ EEOSl tions. A preferred one-coat type antifungal nail
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tissue. Also disclosed are methods for topically applying the dual action antifungal
nail coat composition to a fungally-susceptible or infected nail. The bioavailability of
the antifungal agent is optimized by the practice of the present invention.
The antifungal nail coat compositions can be formulated as "one-coat"
20 type and "two-coat" type compositions.

A preferred one-coat type antifungal nail coat composition embodiment

comprises:
an effective fungicidal amount of an antifungal agent;
a permeation enhancing amount of a substantially non-volatile,
25 permeation enhancer selected from the group consisting of an N,N-di(C,-Cy)

alkylamino substituted, (C,-C,;) alkyl (C,-C,5) carboxylic ester or pharmaceutically
acceptable acid addition salt thereof, a pharmaceutically acceptable alcohol, and
mixtures thereof}
a film-forming amount of a hydrophilic polymer; and
30 a pharmaceutically acceptable, volatile organic carrier.
In a one-coat type, dual action antifungal nail coat composition, the
organic carrier preferably assists in distributing the drug, i.e., the antifungal agent,

substantially uniformly on contact of the nail coat composition with a fungally



a filmformng anount of a hydrophilic polyner; and 30 a pharmaceutically
acceptable, volatile organic carrier. In a one-coat type, dual action
antifungal nail coat conposition, the organic carrier preferably assists in
di stributi MORWEEIg, i.e., the antifungal agent, subCANSRMIDYB6NI form y
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volatilizes, within about one to five mnutes follow ng application to
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infected nail. composition optionally includes a substantially non-volatile permeation enhancer.

In a two-coat type, dual action composition, the antifungal agent is
quickly released from the first antifungal nail coat composition to a
fungally-susceptible or infected nail on contact therewith to provide a fungicidal

20 primer coat. The second antifungal nail coat composition provides a fungicidal film
coat over the foregoing fungicidal primer-coated nail on subsequent contact therewith.
The fungicidal film coat provides a depot for additional antifungal agent which can be
released over an extended time period and provides 4 protective nail barrier to
maintain sustained release of antifungal agent from the primer coat to the nail to

25 . optimize the topical bioavailability of antifungal agent, and to minimize further
accessibility of fungal spores from the environﬁent to the infected nail.

The antifungal agent is preferably selected from the group consisting of
allylamine and azole antifungals. The allylamine antimycotic terbinafine, usually as
terbinafine hydrochloride, is particularly preferred. The azole antifungals include

30 azoles, imidazoles, as well as triazoles.
The hydrophilic polymer may be a film-forming polymer comprising a

vinylpyrrolidone monomer unit, including homopolymers (such as,



The antifungal agent is preferably selected fromthe group consisting of
allyl am ne and azole antifungals. The allylam ne antinycotic terbinafine,
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2004/ 084826 PCT/ US2004/ 008618 -5 pol yvi nyl pyrrolidone), copolyners, and
conpl exes thereof, a gum a resin, or theslike. Preferably, the hydrophilic
pol ymer is polyvinylpyrrolidone (PVP). The volatile organic carrier
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therapies, and inprove clinical efficac 25 Brief Description of the
Dr awi ngs type by the methods described herein, The methods of this invention are preferably
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performed at least once a day for as Jong as needed to ameliorate or prevent fungal
infection.

The practice of this invention using dual action antifungal nail coat

20 compositions is desired for increasing the topical bioavailability of an antifungal drug,
especially in the treatment of onychomycoses of the toenails or fingernails.
Beneficially, the dual action antifungal nail coat composition can shorten the total
therapeutic period, avoid or eliminate adverse systemic events usually associated with
oral therapies, and improve clinical efficacy.

25 Brief Description of the Drawings

In the drawings,

FIGURE 1 is a graphical representation of terbinafine uptake by human
nail clippings from a selected individual expressed as the concentration of terbinafine
remaining in a terbinafine source solution as a function of time, wherein Solution A

30 was 10 weight percent terbinafine hydrochloride in anhydrous ethanol, Solution B was
10 weight percent terbinafine hydrochloride in anhydrous ethanol plus 10 weight
percent of polyvinylpyrrolidone (K-30), Solution C was 10 weight percent terbinafine
hydrochloride in anhydrous ethanol plus 0.5 weight percent DDAIP<HC], and Solution



In the drawings, FIGURE 1 is a graphical representation of terbinafine
uptake by human nail clippings froma selected individual expressed as the
concentration of terbinafine remaining in a terbinafine source solution as
a function BP 20WME824herein Sol ution A 30 was 10 wei ght REYESapH/0pasidi naf i ne
hydrochl ori de in anhydrous ethanol, Solution B was 10 wei ght percent

t er bi nafi ne hydrochl oride in anhydrous et hanol plus 10 wei ght percent of
pol yvi nyl pyrrol i done (K-30), Solution C was 10 wei ght percent terbinafine
hydrochl ori de in anhydrous ethanol plus 0.5 weight percent DDAl PHC, and
Sol uti on WD 2004/ 084826 PCT/ US2004/ 008618 -6 D was 10 wei ght percent
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percent solution of terbinafine hydrochloride in anhydrous ethanol and also containing

0.5 weight percent DDATP-HCI.

Detailed Description of Preferred Embodiments

The term “"dual action" as applied to antifungal nail coat compositions
20 of this invention means that the nail coat composition provides a water-soluble,
fungicidal film coating that contains the antifungal drug on the nail and adjacent skin
tissue, and a substantially non-volatile penetration enhancer that promotes the
penetration of antifungal drug into the nail as well as surrounding skin tissue.
There is no particular limitation on the antifungal agents useful for the
25 dual action antifungal nail coat compositions of this invention, as long as the
antifungal agent is effective against fungi known to cause infections of the toenails or
fingernails, as well as surrounding skin, and onychomycosis, in particular. A listing of
antifungal agents, without limitation thereto, may be found, for example, in the
Thirteenth Edition of The Merck Index (2001) under the headings "Antifungal
30 (Antibiotic)" and " Antifungal (Synthetic)" in the Therapeutic Category and Biological
Activity Index section incorporated herein by reference.
Suitable antifungal agents include, for example allylamines, such as

terbinafine, naftifine and butenafine; and azoles, such as imidadazoles and triazoles,



There is no particular limtation on the antifungal agents useful for the
25 dual action anti fungal nail coat conpositions of this invention, as |ong
as the antifunga ent is effective against fungi known to cause
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The Merck I ndex (2001) under the headings "Antifungal 30 (Antibiotic)" and
"Antifungal (Synthetic)" in the Therapeuiic Category and Bi ol ogi cal
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agent s i ncl udand thelike Xaniizeleaintlylaldtaresazolsdfon@ele, btbdnnamild, nidordatbing f i ne and
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i nclude 5 Tl u@%@&%ﬁrefeh&ﬁﬁ@f{eaarﬂg)iaﬁmnep@m‘ﬁﬂ@%@ 1‘Frlada§@19q{e€&91§'a§91leeand
terconazol e and voriconazole. Particularly preferred 1s the allylam ne,
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treatment of 9n 0si he toenaLI fi g ially,
the dual action™ F%ﬁentéea men fltoncy, ar yc%q‘hspogg?e t?%’ﬁﬂ “§Ff8?‘g %{fa‘lﬁ%’t al

t herapeutic p‘erdudcacnmlﬂmaaiahaébmmmomtlsrymhommﬁwtem thempanics, and
A clinig Qljlode%\{g&#&?ﬁ}l:ﬁi@&%ﬁ&%kéﬁéﬁ%9 tg ﬁn%rém}lﬁfagl%ﬁica% te of the
(E)-N- (6, 6-di heqahf;ﬁlltlzamép@%ﬂm%$lywlﬂlth¢é@mﬂlnfﬁctﬂmlpht hal ene net hanami ne and

has thesfollow ng strugdyifsinefiQdelihAed dbnicalighs H CCH3 -CH2 i Q ¢ /CSC CH3
H2C

(E)-N-(6,6-dimethyl-2-hepten-4-ynyl)-N-methyl-1-naphthalene methanamine and has
the following structural formula:

CH,
CH, H \C/CH3
b &

X C CH

He” CHT S :

The term "terbinafine" as used herein includes the free base form of this
compound as well as chemotherapeutically acceptable acid addition salts thereof,

20 Suitable salt forms include hydrochloride, hydrogen fumarate or
naphthaline-1,5-disulphonate. For purposes of the present invention, the inorganic
acid salt, terbinafine hydrochloride, is particularly preferred. Terbinafine
hydrochloride is a synthetic antimycotic allylamine related to naftifine, and is the

, active ingredient (equivalent to 250 mg base) of a commercial antifungal medication

25 sold under the name LAMISIL® (Novartis Pharmaceuticals Corporation) formulated in

tablets for oral administration. The preparation of propenylamines, which includes
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i ncl udes r enpvalOBFRLY ARPIYIE A E‘H@Ba Rl 94 qomppsi “E’a?§tdesr?ﬁ \i W ®he dual

action antiof ungaimeliéraie oﬁﬁr&f/em:ommbﬁn)tcbﬁﬁ] apdpreftrabBihSudad ferk®al dfaligTul at ed as a
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"one-coat type ¢ means that the antifungal nail
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and then volatilrze relativel erio e range
of about 0.5 to tgpogne- thﬁmr@@)sm%oaw herein, megpeithatshe Mtléquelrrgaﬁé@atand

substanti akly ncaemysﬁne&nlcbﬁtaﬂ@a JBIad1E BLri&NE ARGER G AL IR ale Suhst antial Iy
uni form fungi ci dal f| m coat. on the nai| and ad* acent skin lsi,sue s a 20
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efficacy. The f(Ué’],gMﬁiud@berfddhrﬂmé(ﬁa%Ee brubSutroemfalaB@tuunﬁmrﬂésa@b that the t he nai l
i enove such . as ter rinsing or bathi Qe% I n

,l[J m IS | n;[iﬂﬁ epal | q-gﬁraglgfl? acﬂyxaerbaﬂ Frﬁ)staxbtlally non-¥olat ile permeation enhancer can provi

substantially uniform fungicidal film coat on the nail and adjacent skin tissue as a

20 depot for the drug to provide ongoing amelioration or fungicidal prevention efficacy.
The fungicidal film coat thus remains in contact with the nail until the nail coat is
removed, such as by water rinsing or bathing. In this manner, an undesirable build-up
of polymeric carrier films encountered by prior art antifungal nail lacquers is avoided.

A one-coat type composition is preferably applied at least once daily, as

25 needed, and can be re-applied with or without an intervening water rinse.

In a one-coat type of antifungal nail composition, the amount of
antifungal agent present usually is in the range of about 0.1 to about 20 weight percent,
preferably in the range of about 0.5 to about 15 weight percent, and most preferably in
the range of about 1 to about 5 weight percent.

30 The term "two-coat type antifungal nail composition," as used herein,
refers to a two-part, dual action antifungal nail coat composition formulation, each of
which is sequentially applied, at least once daily. Thus a two-coat type antifungal nail

composition comprises: a first antifungal nail coat composition, which provides a



of polymeric carrier filnms encountered by prior art antifungal nail |acquers
is avoi ded. A one-coat type conposition is preferably applied at |east once
daily, as 25 needed, and can be re-applied with or without an intervening
water rinseVOPRM@B%_ coat type of antifungal nail conpdST{YS3H+OP4E amount
of antifungal agent present usually is in the range of about 0.1 to about
20 wei ght percent, preferably in the range of about 0.5 to about 15 wei ght
percent, and nost preferably in the range of about 1 to about 5 weight
percent. 30 The term"two-coat type antifupgal nail conposition," as used
herein, refers to a two-part, dual action antifungal nail coat conposition
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rel eased. Thus, piine-®ecdndl with id ntegeshingaiater guseposi tion is applied directly
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antifungal agent in the second pail coat conposition relative to that in the

first nail coat Seepfisdiceptsampesitioaddativerithatip detfirgmall cosh spRAsiign srlesshe
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t he range 1 Qf ab%%lgmr 1(3 tﬂe gct,(?zd%gx‘[i) Hc%l;t] ébﬁ?ﬁ%?'ﬁgfﬁta%g%l Coaq%% 1n(?he I otfgbo%t

conposi ti on. erre unga conposia |on Shiddi ment
for a two-coat torappet lé@mgtmbmwrghtdtbptgtab@mmwnenly clear, colorless

soLution containing  Ler i pefhapodt afnERRGERLLALAR lentem%maa?rqf about

0.5 to about 20 wei ght percent nor e era wel ght percent
di ssol ved in a e-eat yes Cmﬁlﬁﬁ%@@ﬁp@ﬁmlgﬂy clear, colorless solution containing

terbinafine at a concentration in the range of about 0.5 to about 20 weight percent,

20 more preferably about 10 weight percent dissolved in a volatile, pharmaceutically
acceptable carrier. The volatile carrier preferably is an alkanol having 2 to about 5
carbon atoms, such as ethanol, propanol, isopropanol, butanol, isobutanol, and the like.
Ethanol is particularly preferred. The volatile carrier can also serve as a penetration
enhancer. '

25 A particularly preferred first antifungal nail coat composition comprises
about 10 percent terbinafine in ethanol on a weight/weight basis. Preferably, the first
antifungal nail coat composition wicks along the capillary system of and across the
nail plate to reach and immobilize fungal spores in the nail plate and nail bed. A
particularly preferred second antifungal nail coat composition for a two-coat

30 composition embodiment preferably comprises terbinafine at a concentration in the
range of about 0.1 to not more than about 10 weight percent, an effective film-forming

amount of a hydrophilic film-forming polymer and a pharrnaceptically acceptable,



acceptable carrier. The volatile carrier preferably is an al kanol having 2
to about 5 carbon atons, such as ethanol, propanol, isopropanol, butanol,

i sobutanol, and the like. Ethanol is particularly preferred. The volatile
carrier canWQX8/®d¥20e as a penetration enhancer. 25 A PaFPIEVABG1§
preferred first antifungal nail coat conposition conprises about 10 percent
terbinafine in ethanol on a wei ght/weight basis. Preferably, the first
antifungal nail coat conposition w cks along the capillary system of and
across the nail plate to reach and inmmobj{jze fungal spores in the nail
plate and nail bed. A particularly preferred second antifungal nail coat
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(i.e., a weight i@dﬂﬁé@%-l‘j‘."' ecul ar weight in the range of about
The hydrophilic polymer preferably is a polyvinylpyrrolidone having a
"K" value of about 30 (i.e., a weight average molecular weight in the range of about
20 45,000 - 60,000 Daltons.
Exemplary gums include agar gum, carrageenan gum, ghati gum,
karaya gum, rhamson gum, xanthan gum and the like.
Exemplary resins include carbomer, a polyacrylic acid polymer lightly
cross-linked with polyalkenyl polyether. It is commercially available from Noveon
25 Inc. (Cleveland, Ohio) under the designation "CARBOPOL®." A
particularly preferred grade of carbomer is that designated as "CARBOPOL® 940."
Other polyacrylic acid polymers suitable for use are those commercially available
under the designation "PEMULEN®" (Noveon Inc.) and POLYCARBOPHIL™ (A. H.
i Robbins Company, Inc., Richmond, VA), is a polyacrylic acid cross-linked with
30 divinyl glycol. The PEMULEN® polymers are copolymers of C,q to C;, alkyl acrylates
and one or more monomers of acrylic acid, methacrylic acid or one of their simple
esters cross-linked with an allyl ether of sucrose or an allyl ether of pentaerythritol.

There is no limitation on the form (i.e., liquid or powder) of



20 45,000 - 60,000 Daltons. Exenplary guns include agar gum carrageenan
gum ghati gum karaya gum rhamson gum xanthan gumand the IiKke.
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Noveon 25 Inc. (C evel and, Onio) under the designation "CARBOPOL(r)." A
particularly preferred grade of carboner is that designated as " CARBOPOL(r)

940." QO her polyacrylic acid polyners suitable for use are those
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The penetration enhancer S Ajﬁbntgfi,@efer@éatsk,hlﬁ&%htlmarﬁg@fare(éq{mgstrb% &g Of t_hr S
i nvention pref er Lﬁ?ﬁﬁgag g_w E enet(r)aﬁ ajmlt 1Q 01; t he ; g 0 rtmrrrle nai |
as well as the s 1wy © UiA1Cs SPREORY) HFO 08 ‘I.Wle‘?’é?? Ut 1ax9%ap
penetration enhaomeE%_r&omdﬁaﬁ(ﬂbscribdfddpwl semetentgwmbl 764y sorédyclicletvyibs,
i oxol anes. ( descl 1B onE} EpvisdRBhe Bt 0T ol bty R U ORRRNR ech RS
1-decyl -t hidl t hybrmznqggsr(dcsbrﬁwdrﬁreU(S%Pat&xﬁilﬂps 628,978 mdnﬁZQﬁ@tonnmmdabl e
5052, 866, o vers: & S -G ERE bt s efRl S e ot RNC D
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N, N-di subst it ut egla3h@8 284 kARles thereof. Aliphatic and aromatic alcohols are primarily nail
penetration enhancers.
20 The penetration enhancer is present in an amount sufficient to
enhance the penetration of the antifungal agent. The specific amount varies neces-
sarily according to the desired release rate and the specific antifungal agent used.
Generally, the penetration enhancer is present in an amount ranging from about 0.1
weight percent to about 25 weight percent, based on the total weight of the
25 antifungal nail coat composition. Preferably, the penetration enhancer is present in
an amount ranging from about 0.1 weight percent to about 10 weight percent, more
preferably, in an amount ranging from about 0.5 weight percent to about 5 weight
percent of the antifungal nail coat composition.
In general, suitable penetration enhancers can be chosen from those
30 listed above, as well as aliphatic and aromatic alcohols, sulfoxides, fatty acids, fatty
acid esters, polyols, amides, surfactants, terpenes, alkanones, organic acids and
mixtures thereof. See generally Chattaraj, S.C. and Walker, R.B., Penetration
Enhancer Classification, pp.5-20 in Maibach, H.I., and Smith, H.E., (eds.),
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benzyl al cohol . dzwlrsﬁ?{xlméldsmnﬂ@%m&eg therrof.ude di et hyl sul f oxi de ( DVBO),

Suitable fatty acids include valeric, heptanoic, pelargonic, caproic,

capric, lauric, myristic, stearic, oleic, linoleic, linolenic, caprylic, isovaleric,
neopentanoic, neoheptanoic, neononanoic, trimethyl hexanoic, neodecanoic and
20 isostearic acids. and mixtures thereof.

Suitable fatty acid esters include isopropyl n-butyrate, isopropyl
n-hexanoate, isopropyl n-decanoate, isopropyl myristate, isopropyl palmitate,
octyldodecyl myristate, ethyl acetate, butyl acetate, methyl acetate, methylvalerate,
methylpropionate, diethyl sebacate, ethyl oleate, ethyl laurate and mixtures thereof.

25 Suitable polyols include propylene glycol, polyethylene glycol, ethylene glycol,
diethylene glycol, triethylene glycol, dipropylene glycol, glycerol, propanediol,
sorbitol, dextrans, butanediol, pentanediol, hexanetriol, and mixtures thereof.

Suitable amides include urea, dimethylacetamide, diethyltoluamide,
dimethylformamide, dimethyloctamide, dimethyldecamide, pyrrolidone derivatives,

30 1-alkyl-4-imidazolin-2-one, cyclic amides, hexamethylenelauramide and its deriva-
tives, diethanolamine, triethanolamine and mixtures thereof. Suitable pyrrolidone
derivatives include 1-methyl-2-pyrrolidone, 2-pyrrolidone, 1-lauryl-2-pyrrolidone,
1-lauryl-4-carboxy-2-pyrrolidone, 1-methyl-4-carboxy-2-pyrrolidone,



decyl net hyl sul f oxi de, and m xtures thereof. Suitable fatty acids include
val eric, heptanoic, pelargonic, caproic, capric, lauric, nyristic, stearic,

ol ei ¢, 11 nqlgLfehiol enic, caprylic, isovaleric, neopeplanglgus,

neoheptan0|c neononanoi ¢, trinmethyl hexanoic, neodecan

isostearic acids. and m xtures thereof. Suitable fatty acid esters include
i sopropyl n-butyrate, isopropyl n-hexanoate, isopropyl n-decanoate,

i sopropyl nyristate, isopropyl palmtate, octyldodecyl nyristate, ethyl
acetate, butyl acetate, nethyl acetate, rEihylvalerate, nethyl propionate,
di et hyl sebacate, ethyl oleate, ethyl laurate and m xtures thereof. 25

Sui tabl e pol yol bhmyd:-lﬂfﬂdl@opr eryﬂrelrﬂengllydmylthlq@diyyé{pmwme ¢ipdel), ethylene
gl ycol, di et hy\e t ne r gl ycol ,

gl ycer oI pr opaﬂr‘{eg @xyfbgllm%&()%el H%(fh@?ﬁg%isﬂ %}P% “gupgf)%i‘%dg‘%t anedi oI
hexanetriol , ankhenyktamesoxysschonpk2-Darolidens e ani des i ncl ude urea,

di met hyl acet ani ﬂ?aurﬂ-%%m{dx&@irb@ﬁl %yrrolﬁoﬂ@tmﬁﬁﬂeﬁfym&ﬁ 4py“§B yrRlillodeoCct am de,

di met hyl decam de, pyrrolidone dérivatives, i'm dazol I n- 2- one,

cyclic amdes, Nesoetvinymplidons| Edi’léﬂ’f‘iy&fémgh‘éf’“iet@“ﬂé‘%lﬁi 9%‘"? les, di et hanol ani ne,
tri :at gan(i)l am ReNnydBox}mHtl?&)-Z—bﬁf@%ne Shu inexdhres myxfebfﬂslﬂt@gle cyd@raltn\ic(;kfsl ves

i ncl ude 1-methy one, pyrrolidone,

1-1 auryl - 4- car b‘(‘)‘%]%:‘deg%d{?ﬁ?cé alz?%ﬁ@gep%%r%e E“Wc@é%d%{)éﬁs rrol i done, WO
2004/ 084826 PCTI- g&mw@mﬁa;ﬂan-z-oﬂa 1¥fatnesylaracgelomptiadyor; pyr rol i done,

i (rjrgfﬁi/lt hléloﬁte'?%o re&?ny}a%%??loﬁ door?ﬁel (J\l7 Qinfe tl%/rl]c?c)t( Ja?z}éﬂz&%ép%%-’}‘?dne,

1- hexyl - 410ret hok-ﬂﬂc&rl m;ld:th)ﬂeqnylbazadypldhnm-Z one, 1-geranylazacyclohexan-2-one,

1-1auryl - 4- net hfg%f ﬂﬂ&g%logﬁtmf qkdne' Mane Ogblggag%w@gﬁtam_gﬂpraqmlwlgw i done,

5 N-cocoyl pyrro owy pyrro gsters
N-(2- hydroxyrret‘ﬁW? 2-pyrrolidone, and m xtures thereof. Suitable cyclic

am des 1 nclude, - dodecylaARCyfhaiitPhalaZaiife LbEHAREARNGHIE GRS ) )
1- ger anyl azacycl ohept an- 2- one, arnesyl azacycl ohept an- 2- one
1- ger anyl ger any Oéxiogg:y%lrfaﬁgﬁ éﬁlp%otgllfésurf% tants, b11e salts a (E) lecithin. Suitable anionic
1- (3, 7-di et hyl ﬁ@ﬁa&thﬂ@ﬁﬂmﬁ@ bddh&:pta&ﬁtd s6éi8n labf)] sulfate, and mixtures thereof.
b e R GRS 0 SR AT R e 2 one
m xtures ther euafradesjjtrhmdﬂiyéarmmn‘imbmnée berzhlodurachloride, surfact ant s,
cationic surf ac&gc%%&ltrimethylanunonium chloride, cetylpyridinium chloride,
dodecyltrimethylammonium chloride, hexadecyltrimethylammonium chloride, and
20 mixtures thereof. Suitable nonionic surfactants include
a-hydro-w-hydroxypoly(oxyethylene)-poly(oxypropyl) poly(oxyethylene) block
copolymers, polyoxyethylene ethers, polyoxyethylene sorbitan esters, polyethylene
glycol esters of fatty alcohols, and mixtures thereof. Suitable
a-hydro-m-hydroxy-poly(oxyethy1ene)~poly(oxypropy1) poly(oxyethylene) block
25 copolymers include Poloxamers 182, 184, 231, and mixtures thereof. Suitable
polyoxyethylene ethers include PEG-4 lauryl ether (BRIJ® 30), PEG-2 oley! ether
(BRIJ® 93), PEG-10 oleyl ether (BRIJ® 96), PEG-20 oleyl ether (BRIJ® 99), and
mixtures thereof. Suitable polyoxyethylene sorbitan esters include the monolaurate
(TWEEN® 20) the monopalmitate (TWEEN® 40), the monostearate (TWEEN® 60),
30 the monooleate (TWEEN® 80), and mixtures thereof. Suitable polyethylene glycol
esters of fatty acids include polyoxyethylene (8) monostearate (MYRI® 45),
polyoxyethylene (30) monostearate (MYRI® 51), the polyoxyethylene (40)
monostearate (MYRJI® 52), and mixtures thereof.



noni oni ¢ surfactants, anphoteric surfactants, bile salts and | ecithin.
Suitable anionic 15 surfactants include sodiumlaurate, sodium | auryl

sul fate, angohelodisee thereof. Suitable cationic surfactgitsahdl R’b%g”e
cetyl trinmethylamoni um brom de, tetradecyltrinmethyl amoni um rom

benzal koni um chl ori de, octadecyltrinmethyl amoni um chl oride, cetyl pyridinium
chloride, dodecyltrinethylanunonium chlori-de, hexadecyltrinethyl amoni um
chloride, and 20 m xtures thereof. Suitable nonionic surfactants include

a- hydr o- co- hydr oxypol y(oxyet hyl ene) - pol y¢ &ypropyl ) pol y(oxyet hyl ene) bl ock
copol yners, pol yoxyet hyl ene ethers, polyoxyethylene sorbitan esters,

pol yet hyl ene gl ycol est éuiabs amxﬁloteylc auréastaots dnclugadwithout imégtianberetof .

Sui tabl e a- hydpgr, oBYdﬂngEfé(mEH) 'cUJaQﬂ%EFoBM' B?:Ba%)e RhY ()%ME"&EUHe)ame
pol y(oxyet hyl ene) bI ock co ol é’i{g‘?rs i ncl ude Pal oxarrers 182, 184, 231, and

mi xt ur es t her eofecamigppigpylhyd eHRIPPRIARY! duRdglatamige, sefBEG. 4 | aury
ether (BRI J(r) &Qbamﬂ?ﬁﬁee&t@ls@dnhm edubcai h&aBRhtéI(modaﬁa laufSaEphtinka] et her

BRI J 9 I t.h BRI J t th f
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nonool eat e (TV\EIE res thereo

bl t I I
esters of fatty gém%?oglipﬁdgfol%te qdlu&glo&)% 8%%{’?’% ﬁ‘éﬂ%&%ég‘ffﬁyi F ent(ar? Zg;)
pol yoxyet hyl eneand3by likmonost ear ate (MYRJ(r) 51), the pol yoxyethyl ene (40)

nonostearate (MYRI(r) 52 t 4.0
PCT/ US2004/ 008618 - 14 s)uSI“t éwa%%ﬁhﬁgdﬁ J(E;I&gu%omﬁéo | e éggagrmh?lﬁbut

limtati ol t her gyeplic apd desarsichelisrasisy) and anigtires thegaoéarni dopr opyl betaine, |auryl

bet ai ne, cocobet ai ne, Suitable terpenes include D lunonene “ Pmene B- enen,
cocam dopr opyl hydr ox%qsul t ai ne, am nopropyl | aury am de, sodi um

cocoanphoacet at &R uﬁﬂlﬁﬂﬂoﬁnﬁﬁ%&f"é’?% P“IF@%’IS’(’:I PIPFﬁ“IOB‘?Jr‘B%I‘I"PBHBdl acetate, 5
di sodi um coc oanﬁ&ﬁﬁblg@@&:ﬁéle cyciohek B 0LaE, Qmmnmﬁl Qipitede ofits QgtluIsentene

I hodi di t

o+ hod: pr op A eial R 08 S ABE G SERPRCER h FRETRIB B ul f at e,
and the |ilke. Smixnabd tedeof. eSuitable slkamémdgumheﬁmﬁ:hmmﬁe, Nawhate) sal ts of
T ORIl & penl Btk aalf, JERRRAROTC o B Rl AR RE S

Sui tabl e terpenes Tncl ude
mixtures thereof. Suitable organic acids include c1tr1c acid, succinic acid, sahcyllc

acid, salicylates (including the methyl, ethyl and propyl glycol derivatives), tartaric
acid, and mixtures thereof.

20 A preferred, substantially non-volatile, penetration enhancer com-
prises an N,N-di(C,-Cy) alkylamino substituted, (C,-C,;) alkyl (C,-C,;) carboxylic
ester or pharmaceutically acceptable acid addition salt thereof. As used herein, the
term "(C,-C,p) alkyl (C,-C,5) carboxylic ester” means an ester of a (C,-C,4) alcohol
and a (C,-C,4) carboxylic acid. The term "N,N-di(C,-C,) alkylamino substituted,” in

25 reference to a (C,-C,g) alkyl (C,-C,;) carboxylic ester means that either the alcohol
portion or the carboxylic acid portion from which the ester is prepared bears an
amino substituent NR,R,, wherein R, and R, are each independently a (C,-C) alkyl
group. Preferably R, and R, are both methyl groups.

Preferred are dodecyl-2-(N,N-dimethylamino) propionate (DDAIP);

30 dodecyl-2-(N,N-dimethylamino)-acetate (DDAA); 1-(N,N-dimethylamino)-2-propyl
dodecanoate (DAIPD); 1-(N,N-dimethylamino)-2-propyl myristate (DAIPM);
1-(N,N-dimethylamino)-2-propyl oleate (DAIPO); and pharmaceutically acceptable
acid addition salts thereof.



a-terpineol, terpinen-4-ol, carvol, carvone, pul egone, piperitone, nenthone,
nment hol , geraniol, cyclohexene oxide, |inonene oxide, a-pinene oxide,

cycl opente i 1,8-cineole, ylang ylang oil, anise 0il, chenopodi um
oil, eucalgg?ﬁgﬁ@gﬁﬂ;and 15 mixtures thereof. Suitable ACKHSENALB6KeI ude

N- hept ane, N-octane, N-nonane, N-decane, N-undecane, N dodecane,
N-tridecane, N-tetradecane, N hexadecane, and m xtures thereof. Suitable
organic acids include citric acid, succinic acid, salicylic acid,
salicylates (including the nmethyl, ethyl_.and propyl glycol derivatives),
tartaric acid, and m xtures thereof. 20 A preferred, substantially

non-vol atil e, penet rati o gantanelpreferiad snﬁlllﬁﬁﬁeaﬁﬁn E«hﬂ‘dndar(lmbﬂ@ abdok t am no

substi t ut ed, Cl | k CZ I|c utlcally
accept abl e aci dl aaﬁﬁgh"’@%’ x%@%‘“?%gfaé})o‘?erm 10{5 'gﬁmﬁ’éT [Iﬁh ﬁgpls %T%BF( Ca C1B)
al kyl (CzZ C18) ﬁmmmﬂs,ités(&magaréb)rmdJx’rsgdshmorandrm (Pi€geh Eb8gst, N@ohol and a

CZ C18) carbox SRIFN tuted,
|(n 25 r)ef er encei’(?{rh&HE{:}%&{Z{g gfﬁlg&ls t%'rll@d %ﬁ%§ @) ﬁ[#)#i(’:ﬂ g@tl)e(r)nﬁeg}?%%}at hat
ei ther thé al cotian of IHoAIR and cobrstaﬂlhle agig ragiditign sabs @cred isdlescribed orldHh Bati ch t he
ester is prepargg é)‘??g @zoate Bu?ﬁl%tﬁ}ﬁm? WPS I FHIGNE 1d¥éﬁlﬁﬁ’a’tedv1’{é%n‘?b§‘r£ere&@d Ry are

each independently’'a (C-C8) kyl " “grou Pr ef are both
net hyl groups. W%fcéiﬂpéﬂmbﬁf émH’@(féWFﬂ% al lmamomtwteaﬁﬁaﬁ@y Swléf’ﬁiz%fh ate
(DDAIP); 30 dOﬁ'&ﬁyéardﬁy adilble bmﬁmamda&}lbapﬁtms epd: DR6AL, 980,378 to

1- (N, N—dlnethyl dodecanoat e ( DAl

1- (N, N di net hyI c% E %ﬁlagi}pncrqmoraéqdé{e@m(@'qﬁgwce t)o 'the extent that it is not
1-(N,N—dinEthyImahﬁﬁ%nﬂmmwﬁmyl ol eate (DAIPC» and pharmaceutically
acceptable acid additio lts 200 8482 PCT/ US2004/ 008618
-15 A particularly prefe?r%% mﬁ %&H@ggﬁ %gﬁ§@}l d?fﬂ@$p?alone or in
conbi nati on w tzmtihacteaiak iahtisaptic, prethevidee ihmammkwmeuhe effioddyRifi€ie dusl aatici | abl e
from Steroids, ). an ] orest,

N Shar e oo abifngti P 684 Somdsliof " b S AR bab A BRI FLARAREDT °°1
prepara 5 tion msemamqs, wallaschepz allcmhoh@hmmbﬂamh pheonthylghblnoé, wdveroeml is
describedyd n U gy GbamatblhardBent 4 e fd cbeﬁmwcbﬁgx ifBifbulof pAfomed WAl CN 1 S

|ncorporated hereln by reference. ain siml'ar amno substituted,
al kyl car boxyl | ¥hesgreseat celaﬁﬁrﬁea@ylrnuﬁ@g? agnetRtighenhancar iy aat-anealFe conpounds

as described in U S, Pat Suitidle aﬂm&g&; abiks rielud¥¥IBghol Ale,, @{hamolvvéupedpahoi),

i ncor por at ed her in ref erence é the exte ?t that it
aogenc ntaining compounds, (i.e., povidone-l, triclosan, and the llke) quatemary

ammonium compounds (i.e., benzethonium chloride, cetylpyridimum chloride, and the
20 like).

Those skilled in the art wili recognize that one or more of the foregoing
ingredients can serve more than one function.

A preferred dual action, one-coat type antifungal nail coat composition
embodiment comprises:

25 an effective fungicidal amount of an antifungal agent;

a permeation enhancing amount of a substantially non-volatile, perme-
ation enhancer selected from the group consisting of an N,N-di(C,-Cs) alkylamino
substituted, (C,-C,5) alkyl (C,-C,;) carboxylic ester or pharmaceutically acceptable
acid addition salt thereof, a pharmaceutically acceptable alcohol, and mixtures thereof;

30 a film-forming amount of a hydrophilic polymer; and
a pharmaceutically acceptable, volatile organic carrier.
Preferably, the one-coat antifungal nail coat composition is a substan-

tially clear formulation.



10 inconsistent herewth. The term"anti-infective agent" as used herein
includes a topical antibacterial, antiseptic, or the like, that can augnent
the efficacy Q&M%Qﬁmgual action antifungal nail coat CQERGRLAdBMEs1Yl t abl e
antibacteria? agents include bacteriostatic preservatives, such as benzyl
al cohol , phenoxyet hanol, phenethyl al cohol, iodopropynl 15 butyl carbanmate,
paraben, and the |ike. Benzyl alcohol is particularly preferred, and when
present can serve a dual purpose as penetration enhancer and anti-infective.
Suitable antiseptic agents include al cohotlq4.e., ethanol, isopropanol),

hal ogen cont ai ni ng conpounds, (i.e., povidone-1, triclosan, and the |ike);
quat ernary ammoni um conpdéueferrqd dual actidne preegopigbipeembsidinent dEantiogalingir i di num
chloride, and thga; @thpbiitiéh combAeS®nSHothilcBRlpbsiicheeidti bastd: | | recogni ze that

one or nore of the foregoin i ngredi ents can serve nore than one function.
A preferred dual action, gﬁ&“‘tﬁé’eﬁge‘@tﬂ)@ ANt i Appngef Rbaub Bl e dopodd ti on
enbodi ment  conpr&gs perdent dhore bfeBGitly R thd it tidut ABRY MMouP s RElgiRPEcEAENal
agent; a perneation enhancjng anmount of a substantially non-volatile, perne-
ati on enharcer SBP%EE %fbf’é‘ % RS B]EPb‘t&@r?Z’P'éttsi‘ﬁ?jg}Bﬂ’eréFPtN, N-di (C i -Ca)

al kyl ami no substituted, &€&bs@idlyablyblat(l€Berfitfjoncakdnosrih b Cot ain6iint O

phar maceuti cal | y, accept abl [of i tign salt thereof, a pharmaceutically
accept abl e al coh®f fméeﬁ?f%ﬁ?ﬁtouﬁggg‘%“zgggg @pﬁﬁerg’ Ifj?rler?f%?f?w H’gtg?ﬂ%%%{feof a
hydr ophi | i ¢ pol yabeut;1 tamblout 40 plaightmeceott i cal | y acceptabl e, volatile organic
carrier. Preferably, the td 11 i LEd S a
substan- tially clear for%& éfg@@nc.fﬂ%o%y Q@ﬁé&ﬁ@%a@%%@%ﬁ%@sﬁg&@ 16 A
preferred Wual &bt toohoutdnweighs aercenfgrore pigtsehblyain theghngerof afauh 635 torspet | coat
conmposi tion cprrp‘;,%%%}g?elggnt?anhot al conposition weight basis: antifungal agent
in an anount in t ange of about 0.1 to about 20 weight percent, nore
preferably in the range ofheappairdepcamprisingpgharmacruiigsliyisecepigbleapletile 5 nost
preferably in th@gdnd\Geief A%J?ﬁbﬁed'yolaﬁle@b%ﬂfc caxrieEis R hlighafi€ 8bdhol referably
substantially non-vol.atile Det rrﬁgtl on feE agﬁer bl n gst ot.al ampunt in the
range of about OPTISCRiG™ 4B ATPUSE MR faget of GRRE &1t 20RO oY BEU PSR- TUC t he range

of 15 preferably in the range of about 85 to about 99, based on a total composition weight

basis.
A particularly preferred substantially clear, dual-action, one-coat type
antifungal nail coat composition comprises on a total composition weight basis:
terbinafine hydrochloride present in an amount in the range of about 0.5
20 to about 10 weight percent, more preferably in the range of about 1 to about 5 weight
percent,
DDAIP+HCI present in an amount in the range of about 0.1 to about 25
weight percent, more preferably in the range of about 0.1 to about 10 weight percent;
benzyl alcohol present in an amount in the range of about 0.1 to about
25 10 weight percent, more preferably in the range of about 0.5 to about 1.5 weight
percent;
polyvinylpyrrolidone present in an amount in the range of about 0.1 to
about 5 weight percent, more preferably in the range of about 0.25 to about 1 weight
percent; and
30 the remainder being ethanol.
In a two-coat type embodiment utilizing first and second antifungal nail

coat compositions, the second antifungal nail coat composition preferably is formu-



about 1 to about 10 wei ght percent; a hydrophilic film-form ng polyner in
an anount in the range of about 10 0.1 to about 5 weight percent, nore

preferably wobhfinsigagge of about 0.25 to about 1 wei ghtp3@gG6lonssegd t he
remai nder conprising a pharnaceutically acceptable volatile organic

carrier. A preferred volatile organic carrier is an aliphatic al cohol
preferably present in an anmount in the range of about 50 to about 99.5
wei ght percent, nore 15 preferably in the range of- about 85 to about 99,
based on a total conposition weight basi-d7-A particularly preferred
substantially clear, dual-action, one-coat type antifungal nail coat
conposi ti on conpatedwdhas thedilmspe|depasigsosi fingemaileds givstansiptly snore regiptBitiaif i ne

hydrochl ori de pr&aghindval With WatBUfdn thépridh® iR 08 dGfositdYiltoails. 20 t 0 about 10
wei ght percent, nore prefer ablaﬁar n the range of about | to about 5 weight

percent; DDAl PHO ‘present? P4t RoRfRTed; fvorgoat tyeiel astion prsifinesl npilcgatapout 25
wei ght percent, cﬂﬁf&iti@h%ﬁxﬁﬁr@d&k,ﬁn the fikdn r prizmg entFingabedilt co@t chrripOsiddiQbt a 10 wei ght

percent; enzyl cohol..present in .,an anou in I e og aBou .0.1to
Bbout 25 10" wel R “BEP iR e £t e EETeh perbont R BNen SomBheting ¢ o
about 1.5 wei ghthe spend emifingabhayhiontydomyositinni ptkfereblp netsadre than about Aweight i n t he
range of about 0Q, . t ﬁ) gﬂ) er.c re preferably in the range
of about 0.25 t geé%ntége_tr blﬁgﬁ}gi‘ é X é@@ﬁpt r I(-T:eefél)rtrejd Sg_cr?) d ggé)etp ﬁteﬁltlglr?é?lr?alé?’loatt)ei ng
ethanol . In a twompesiiontcyperisssiou 2parts by weightipelyvinyipytrohdmie.sbewiddarnt i f ungal
nai | COal COMDYSiykighNSs i SAERRT B! HNGALHARhoiCORL cOMPOSI i on
preferably is f o?mj g@\o 2004/ 084826 PCT/ US2004 l%)086 % _-17 lated so that the
film coat !@eposited on fiBfgwreHa Véroiest sudierusingibamey nsibrlppingsiitstaifundo  ready
removal with watigk tetthdifinb Blied A9 E10% édiutios RRdthA8PRS dirade MIods 0B HeR- A
particularly preferred, t WQ_‘EOE% t%/c)pe dual action anti f,un%g nai |l .coat
Ronposi {1 on’ comBFPEEw: In 4P o §opLng PoysyGeneFActLe FqneeigHipD Fhare the g
conposi tion, onnunbinhibitidh comeiesivh (MIC) d&ifglgi. basi s, about 10 wei ght percent
terbi nafine in ethanol, d in.the second aptifungal .nail..coat conposition
preferably not nore t hanafg.lB%ad tmf%cttl\?\%lc% ehttoenax of 1ngernaHQnay be ameliorated or
15 prevented by a one-coat method, or a two-coat method as described below.
A one-coat type dual action antifungal nail coat composition can be
applied to provide a substantially uniform fungicidal coating on a fungally susceptible
or infected nail and adjacent skin tissue and maintained in contact therewith for a
period of at least about 0.5 hour. In a one-coat method, the nail coat composition can
20 be removed subsequently by rinsing with water. In a multiple-coat method, the
composition can be re-applied at least twice with or without an intervening water rinse.
The nail coat composition is preferably applied in a daily regimen for a period
sufficient to achieve fungicidal efficacy. 4
A two-coat type dual action antifungal nail coat composition of this
25 invention can be applied by the following multiple-coat method.
(1) A first antifungal nail coat composition containing an effective
fungicidal amount of antifungal agent is applied at least once to an infected fingernail
or toenail, and surrounding skin area, to provide an active fungicidal primer coat;
(2) The active fungicidal primer coat is allowed to substantially dry for
30 about 10 minutes or until the fungicidal primer-coated nail is substantially dry to the

touch; and then



percent terbinafine. A presently preferred second or depot antifungal nai
coat conposition conpri ses about 20 parts by wei ght polyvinylpyrrolidone,
about 3 part wei ght terbinafine, and about 47 parts ht et hanol .
10 Based on PHWV%??%ﬁtest studi es using hunman nail clippf Bmﬁé% f ound
that terbinafine applied as a 10% solution in ethanol can dlffuse across a
nail mem brane and, ina period of about one hour, can reach a
concentration above the mni- numinhibition concentration (MC for fungi.
Fungal infection of a toenail or fingernailk nmay be ameliorated or 15
prevented by a one-coat nmethod, or a two-coat nethod as descri bed bel ow. A

one-coat type dual acti OQB)a'TEéIu'BEI%{aIH]‘ﬁ%y'ﬁl aal GRBOSafcl A1 £3BarliPwitRpP! | €
to provide a substantially uniformfungici coatlntg‘I on a fungal a‘lf‘é’d
in

susceptible or svfﬁﬁ@@tf%ﬁl%ﬁl PMGHY °§%Ifea@@rﬁptl@kg%n%4 @ @nmam%tomr%w
contact therew thgfcdal Alm QRf thedodfor aﬁthéﬁalsaseabﬁﬁhngaﬁgM%the hiil.a one-coat

nmet hod, the nail coat conpqsi.t.i 0. be noved subsequen y. rinsing
with water, In a nultipl éngﬁd{‘ltlﬁé’teﬂ?fg" ﬁ‘l‘ég““ FREERST Y igha ttetyﬁ’/ee\dbuézlppl i ed at
| east twi c& Wit hactin ammhgwhalpdoat dmtrfpbsmcm ﬂ@ltip&tapplldatlﬂfis&)fthe'ﬂ}ﬁ afitifiuhgat Oat
conposition is pr. abl i da| r.egi_nen or 2

sufficient to aé‘ﬁf éﬂﬁéﬁ?@?%ﬁ)eaﬂ? legaé'ferf%m B eF laltsfﬁé(lg 4&2@“ on

anti fungal nail lestawice beforpetfommngidtert (B) o furBifsr optindimd the hioewailatiBtyafpl i ed by t he
fol l owing nul ti #1 %%%ege thod. (1) A first antifungal nail coat conposition

containing an e ungi ci dal amount of antifungal agent is applied at
| east once to an |nf ect ed’heimtiodhef this inyentiop ereerir¢ferably prastisadslaibdimigneki n ar ea,

to providggan aglglll%I%W{Mgggsmﬁ@geo@rﬁlnggrmfgggh (2) The active fungicidal
primer coat is al to substantially d for 30 about 10 m nutes or

until the fungicidal pri Hfb‘f’as(:fe‘é&déﬁatrﬁlﬁiﬂraqlée figiwe-spatimathod offhys ipyentipe  t ouch;
and then WO 2004/1@8&&%@11%@1(eh&3@1%e§@e%@&&ne d8hd BivinkiRe Fophed ﬁ&h'tlﬂe' firkt dr y

of 2 Secand” ant FRUMGE FHLPR RS COnBBUHY POHRRYCP TG Bcodt SHgE Srerdl 11 m.
coat thereon f ofntifiligahgdil ol c@MmPEsitidn padthétédthe ErmaPRIYS ah thtérhat andéAterndin t he
initial %lod ?)f a fu iceid r%i. e.c\Mtirﬂ V\rotcooat etV ]eduaI. 5 action
anti f ungal” nai | "#&5t™ n%ﬁ'bs?rﬁ 3 W?ﬁl 5% ﬁﬂiﬁf? &'5t& BRE % "he first
antifungal nai lonyhamyesispdthinta relativedyshos peyigal dfeblut Fyor peekfsovashchievedquent i al
steps (1) and (2) at The nail coat compositions of the present invention can be applied to
the nail by any convenient method, such as by brushing or spraying. Preferably the
applied composition is substantially dry to the touch within a period in the range of
20 about 0.5 to about 10 minutes, more preferably within a period in the range of about
one to about five minutes, depending upon the amount of volatile organic carrier
present.
The fungicidal nail coat compositions may be provided in kit form with
instructional indicia included therein for use. The first and second antifungal coat
25 compositions of a two-coat dual action, antifungal nail coat composition may be
individually packaged in similar or dissimilar shaped packages or are color coded to
visibly distinguish the first and second compositions from one another to aid the user
in following the therapeutical order of application.
Instructional indicia includes, without limitation, printed media, aural
30 media, visual aids, electronic media or a combination thereof which inform and
instruct the user. Printed media includes, but is not limited to, labels, pamphlets,
books, flyers and the like. Aural media includes, but is not limited to, tape recordings,

audio compact disks, records, and the like. Visual aids include, but are not limited, to



| east twice before performng step (3) to further optim ze the

bi coavail ability of antifungal agent. The nethods of this invention are
preferably @ractlced daily until new 10 nail growth is visi bl(%/ free of
fungal i nf e¥Pi284/084826 was found that the practice of a tBSTESAN4HIHOd of
this invention wth terbinafine extended the residence tinme of the
terbinafine applied fromthe first antifungal nail coat conposition, that
the hydrophilic polynmer filmcoat of the second antifungal nail coat
conposition pronoted the formation of an -il8ternal and external 15 barrier
menbrane, and that a high efficacy in aneliorating or preventing
onychonycosi s wiphdtographsy shides; inowles; visiaes; DVlsr dnd thedike a Bleatrorfionedigigkideseds

achi eved | The Mk o PBluofOMASIO Ral b1, B S5A0KNSIAAR, R
applied to the nail an conve suc rushi ng or
spraying. Pref er%RQMSh@tera&p]{ﬁD‘éB’&@@%ﬁ@%@| onis substantr ally dry to the

touch within a period in T%Qol[ﬁ?ﬂfex%pl%@at@méﬂde@toﬁllﬁsﬁ'at@b&it'Bot]lﬁuf'"rHEUt es, nore
preferably within a period in the range of about one to about five nminutes,

dependi ng épon {PFRECH FRYGRHOT0f  vol atil e or ganic carrier present. The

fungi ci dal nail mﬂ.bleqerrpom tions may be pr OVI ded | n k| t formwth

instructional indicia i nc_i, uded. t.hereji.n for rst anﬂlp gcond
S f

antifungal coat 25 conposiEiPETHEURATY SHfipagy a‘&‘b et)él?fé 1'i“’t)lﬁ'dro Ufdal nai |
coat conposi ti onwéreyat Bpe duand¢tionphmfdngalma1¢kag&dnposmsm mid raéthad ofdhis si mi | ar

shaped packages.or are co] qr .coded.t i ngui t irst and
second conposit |Ibﬁg“9nr‘%aﬁ15{5'ﬁ‘§d &’htgtpﬁtéein% h8“3$ e?% ﬁlzéb &WS‘%HP g‘\ﬂfeﬁ% "™ he

t her apeut il8al orTdepatzhts papticipatetiiinm open &beludhglohapitdl pdotailiaicalntidydes,a wi t hout
limtation, prrnggod({m agsal 30 nedia, visual aids, electronic nedia or

a conbi nation t R&r&o Informand instruct the user. Printed nedia
i ncludes, but is not Ii mlﬂretsf 20@atidnisyedre selaotedpssessedsas habipg kdld té beyeres and t he

like. Aural mediyg,dBmledRSas n@dﬁur&fby'm as@&lé ﬁqn%alon, Jnerfég fhid\QSara- audi o

conpact di sks, records and ft I'1 Ke. sua al ds |n t are not

limted, to WO Jon&rughesd WMPEE@@Q?‘@@%@@OW@Q%%Q @3&3@&%5 sl i des,

novi es, Viigeos, oBremy&RH, Jfl@rkéﬂaféﬁs abtl 8R4 QRtidn WHRlisBestdaGlsing @R fBlidwing OF M8 Of
el ectronic data storage me such as, but not limted to, diskettes,

interactive CDSR\VE!INEShteractive DVDs, and the |ike. The fol | owi ng exarrpl es
are intended to illustrat@ychattiyeost |inmt, the

0 = absence of separation of nail plate from nail bed.
1 = <50% separation of nail plate.
20 2 =>50% but <75% separation of nail plate.
3 =>75% separation of nail plate.
Hyperkeratosis
0 = absence of subungual debris.
2 =thickening of s50% of the subungual region.
25 2 =>505 but <75% thickening of the subungual region.
3 =>75% thickening of the subungual region.
Discoloration
0 = absence of any unusual coloration (white, yellow, etc.) of the nail
plate.
30 1 = discoloration extending to s50% of the nail plate.
2 = discoloration extending to >50% but s75% of the nail plate.

3 = discoloration extending to >75% of the nail plate.



5 present invention. Exanple 1: The prelimnary efficacy and safety of
terbi nafi ne hydrochloride in a two-coat type dual action, antifungal nai
coat conposition and nethod of this invention was studi ed with patients
havi ng t oenWP1204/8#83¢ fingernai|l fungal infection. 10 THETIARIUAPE1S
participated in an open | abel, single hospital pilot clinical study over a
period of three nonths. Up to 20 patients were sel ected assessed as having
mld to severe onychonycosis, as neasured by using a scale of infection,
based on nail plate separa- tion fromthe_ pgil bed, hyperkeratosis, and

di scoloration. The extent of 15 onychonycosis, hyperkeratosis, and

di scol oration were assessedr fisih&6h ik Jtlf&&/'tﬁé%ﬁlgr aﬁft@'o‘iﬁy? r%gnaﬁatif)nts

Onychonycosis 0 = absence of separation’ of narl

s50% separ at i on estwesaithe 3penefel 8-Hyesrs, hawsa%lﬁhw@mn&@ﬁoﬁﬂea@tﬂé% Sthenaj |

plate. 3 = >75%v§&9ﬁ£1?§uk1@6b tQ4t imAided Rlyade@roy eﬂtﬂﬁ@éﬁ@%ﬁrﬂﬁ"tﬂ’e nafl pﬁt@bsence of
subungual debris =th ?Qlﬁrél% of i 50%$f the .su g;gq% q{cﬁg

>505 but s75%thpﬁ¥{’@ﬂﬁ“ﬁ°d’s‘81°f g% Bahgrame &@?B‘Wm%das s ni ng of “the
subungual r%gi onstalmlag&ﬁ@bmbmblemmlﬁ)atmnaxhsmmgaecxﬂfureany unusual col oration
(white, yellow, etc.) of tTEe rati

xtending to
s50% of the nail plate. 2°= ﬁzf’g%%tf’lgf dedﬁbaiwgﬁa?%ﬁe(f%y gg‘@%%ﬁ# YA of gt he
nail plate. 3 =alcigweith @vehi dwpse)ipaaushun@yﬂmmﬁM%Kdmmtma%lgl}pbmtea in \O

2004/ 084826 PCT!y000LA0R0KRuis 20 Bl DS N3N b H8.SpYNs sk By or 2

wer e: onychonycosti's e“ages aving a nail
i nvol verent of afungad axamig8imofhe $vanll felgmems nﬁaacale warefpdased Dmatnidrm¢mdbdb any

destroyed @f M Sgj4nGoP@bilp Wis 2pPifdN@hd prBdaBdt®n was studied carefully at low power.

Dermatophytes appear as translucent branching, rod-shaped filaments of uniform

width. If the presence of hyphae is confirmed by examination with the 40x objective,
the test result is judged as positive.
Fungal culture was carried out using the standard culture medium,

15 Sabouraud’s agar, (agar 18g, peptone 10g, glucose 40g, distilled water 1000 ml). Most
medically important fungi are grown aerobically on this culture medium err an
incubation period of about 24 hours to about 48 hours at a temperature of about
28 °C.

The criteria for exclusion from the study were: onychomycosis caused

20 by molds (Candida sp.); hypersensitivity to terbinafine; abnormal liver function (twice
the upper limit value); receipt of topical treatment within 2 weeks or oral treatment
within two months; concurrent treatment with H-blockers, antacid,
rifampin, phenobarbital, phenytoin, carbamazepine, terfenadine (e.g. SELDANE™) or
digoxin; use of any investigational drugs with one month; psoriasis or history of

25 psoriasis; serious concurrent disease that might influence the trial; and pregnant
women or nursing mothers.

Twenty patients (six females, 14 males) between the ages of 35-59
years, with an average age of 46 years, met the inclusion criteria. Of these 20 subjects,
17 completed 12 weeks of treatment. At the start of the study, the extent of

30 onychomycosis was assessed as mild (i.e., <40% infected nail) for 15%, and as severe
(i.e., >40% infected nail) for the remaining 85% of the 20 patients. Of the 20 patients,
45% of the patients had separation of nail plate; 45% had hyperkeratosis; and 10% had

discoloration.



Onychonycosis of the finger nail or toenail was confirnmed as follows by KOH
5 staining mcroscopi c exam nation and fungal culture. The nail plate and
hard debris were softened by |eaving the fragnents, al ong{‘vvlth sever al
drops of poVQI8MIAY dr oxi de (25% KOH wi th 5% gl ycer i ne)PCHS2804/00i%th gl ass
covered with a petri dish for 24 hours. Light mcroscope was used for the
fungal exam nation. The small fragnents of scale were placed on a mcroscope
slide 10 and a coverslip was applied. The preparation was studied carefully
at |low power. Dermatophytes appear as tragslucent branching, rod-shaped
filaments of uniform wdth. If the presence of hyphae is confirnmed by

exani nat i on wi th the 40x qBk Sink@ffcady\fichfh erd Bz chPouid BB biARHRAST L1 ve.

Fungal culture was carried qut uSing the, standard ture di um
Sabour aud' s agaring # BigalivelsgHt sisynegniEopgic eyipingis a&égne&ﬂﬂg% qu‘E%élu‘%E% er 1000

m). Mst nedically Irrporﬁeasa&onﬁwgfﬁcady&ngshemreaséﬂ{ysfé&h&,’ya@&sﬁqmt%m@l ture
medi um over an i ncubati on about 48 hours at a

0
tenmperature of dB¥aEs8 C@re 81“3:‘F3rlte&’i“?°§ ﬁ)‘?‘céfgo Gy %vﬁﬁlla?WTsﬁéseW & were:
onychonycos$i s caulsers: "(Z@arbty (rmJ xdmgn@?afndyms,smh)out reyihent ﬁamdfctnnvuy,tgo to
t er bi nafi ne; abnor nal ctl o« WRRer. I | :_receipt
of topical t reatrﬁ%lﬁrtemem %rﬂiel% P \(()y?(g?h{lgr d it T r%ﬁ“ﬂ C}HS’ \ hs;
concurrent tr eatwr&r&gm\ﬁqahﬂ)l-ﬁdute@wldergss ofanbtcam dnd 'r‘Sln‘ghirlmiori\/Iociﬂnmiy) baprbveﬁél

phenytoin, carbgmmz ht'l@ motdé‘rﬁ{?‘?&ﬁ%d?l% erfl of AN £ 5 gﬂé 9%#8351%)”56 of

any investi gati ona1 one psoriasi s or hist h%
psoriasis; serious concurAﬁmthm@mlenpﬁh@ S'fhd}’gﬁle clinit4l gafalyeand pigicrayiodl ; and

pregnant  MpIen QpiuGLabN#eRBhd15/d by TEREMoRBhdE BA §d\fe?s'e>évefn?snﬁtﬁ§stalﬂ1ﬂg mal es)
between the ages of 35:59 years th an aver a%e age of 46 years, net the

i ncl usi on cri t erigroseopicteyag@atiqy, ﬁ%ﬂ‘ﬁ?léélf%e clinical gfigpaveswement (i@ erinigRic

treatnment. At th@eagﬁr%&nt@fthemo%&ma pm @@hlioeda @Iﬁsoafafﬁayﬁhpgwmsmﬁ was
assessed as mld e., s40%j nf ect ed n

5% as severe (i.e.,
S40% 1 nf ected ndpupligTh exia! 9l mPlﬁan%@%%fhetp WO i)af"?"éﬁi’%“a“@ the 20
pati ents, 45% of the pat T]ﬁ”ﬁrﬁndﬁﬁﬁhfaﬁpﬁﬁﬁterﬁ)hlcmfied”lﬁivbrs@é\&hﬁ,v1145§’grhad

hyper kerat / had co grati. A%r/ 084826 P 52004/ 008618
-21 The pr rrar y ?111 yat%rylt?sgr? 8 %P%&?%%?c Q ﬁarrgaﬁgglégcl(‘)#' achi ev-
The patients assigned to the study were each provided with two bottles
having brush applicators, each bottle containing nail coat composition (about 20 grams
in each bottle), and identified as "A" and "B". Bottle "A" contained terbinafine
hydrochloride 10% (weight/weight) in ethanol. Bottle "B" contained 20 parts by
20 weight polyvinylpyrrolidone (PVP, KOLLIDON® 30, weight average molecular
weight in the range of about 45,000 - 60,000 Daltons), 3 parts by weight terbinafine
hydrochloride, and 47 parts by weight ethanol.
The patients were instructed to cleanse their feet or hands by using
warm water, and cut or clean infected nails as much as possible, but not to file the
25 nails. The patients were also instructed to apply the antifungal nail coat composition
on the infected nail directly once each night substantially immediately after washing
their feet.
The patients were instructed to first apply Solution A with the brush, let
Solution A dry, and then apply Solution B with the brush and let Solution B dry.
30 There were no limitations to avoid wetting or washing their feet. The coating was easy
to wash off before re-applying the dual action antifungal nail coat composition. The
patients were instructed that, after washing off the coating, the patient re-apply the

antifungal nail coat composition right away. The doctors encouraged the patients to



ing a negative KOH staining mcroscopic exam nation and a negative fungal
culture. The secondary efficacy criteria were the physicians's assessnent
of the nyc | C re and clinical efflcacy Clinical efficac evaluatlon
was assessg‘g8gl§04f6g"s %I lows: "Cleared" (i.e., no signs of Cﬂ?ﬁ}@a@r‘é # t hout
residual nail deformty, no requirenent for further therapy); "Mrkedly

| nproved" (i.e., mnimal nail involvenent wth significantly decreased
signs of mycosis; and "Slightly to Mdderately Inproved” (i.e., slight to
noderate reduction in extent of nail invalpgenent and signs of mycosis).
After the conpletion of the study, the clinical safety and efficacy of 10
adm ni stration \we¢ e atiFbngabthilypati cOMPSditic dh @rdailpRsBdespetiAly \for thefisvanits, KOH
staining mcroscopic exanm nation, fungal culture, clinical efficacy
assessnment (i.e., planinetric measurenent of the involved area,

phot ogr aphi ¢ conpari son dFhereéfivarigbbsed poprithary affidacyr(eualbgical cim), elitieaht of nai |
i nvol venent) an I T

par aneters incl %dﬁ g @Q}é?xlsagéegd\?é%trgl&@?tdlﬁ%%we O%Ifgs %Sﬁﬁkgﬁ{y mgorag ory
tests, phy$§ical eéicasn (matbctthlsl,yc‘dmicaéB‘@b@h@c@ﬂdllmgﬂdavrdui(tﬁm@sessmqefsmmeent S
assi gned to the E&g@l {eecsa&s}ld%%éﬁgomm riB@1s s'uﬁ‘x?n \{hﬁ*gol jush
applicators, eac contal ning nall coat orrp03| t on out gr ams
in each bottle), and identified as "A" ah&leB" Bottle "A" cont ai ned
terbinafine hydrochloride 10% ( ht /wei ght) in ethanol. Bottle "B"
contained 20 parts by 20 wei ght %’P&\)i nyl pyr MPthdone (PVvAIONR LI DON 30,
wei ght average nol ecul ar  wei ghfiidhd tBe rapgenRlf 8pout phRefRO0 -4,60, 000
Daltons), 3 parts by weight t by

wei ght et H@nol . TEmelustedi ents wer 88 i nsi®uct edlo cll@Qanse t hzir fl¥8t or hands

by using warm er cut or clea nfecteed n S as 055| bl e,
but not to fil e%dﬁg}ﬁ% e paﬁéents \ﬁere io i ns uct&é to apply
t he anti f ungal na(gﬁm&q)gfﬁcg@npom tg on o3t he hmfecggd nail 151| reafslly once each
ni ght substantially inmediately after washing their feet. The ﬁatl ents were

instructed to firEtaldsfdagy Sol utidn A ¥2h the brudhl et 9Sol utiZén A dry,
and then apply Solution Bwith the brush and et Solution B dry. 30 There
were no limtations to avoid wetting or washing their feet. The coating was
easy to wWash off before AxseshawpliryTab@elth@edoratheassbdswcmngd ih paig mivolMerndnt,c oat

conposi tion. They,) %@Ed s“r’é]& df r}ﬁgﬁ i Ok %‘1#1 Gy h{!ﬁ%— [ g '&hPﬁ’@aﬁ @fﬁ%gcyc(fnleuh he

coati ng, t he patl e ant| coat COh‘pOSI 1 ON I’I
away. The doct onkg I@Hélﬁmaéﬁ’&é‘él %lllgbﬂ)p@tnioé‘ﬁ’@@l)’t@PWQ'OMEFWBYZ‘B’TOVCCI and

PCT/ US2004/ 00861’@1eared") at the end of the first, second, and third month of treatment, was 33.3%,
58.8% and 94.1%, respectively.
20 As shown in Table 2, the number of patients initially assessed as having
severe onychomycosis decreased at the end of the first, second, and third month of the
study period, and concurrently, the number of patients assessed as having mild
onychomycosis increased.
Table2

25 Month 0 Month 1 Month 2 Month 3

Onychomycosi  Patients % Patients % Patients % Patients %

s

Evaluated 20 100 18 100 17 100 17 100
Mild (540%) 3 15 4 22.2 4 235 6 353
30 Severe (240%) 17 85 14 77.8 13 76.5 11 64.7



-22- use the antifungal nail coat conposition on a daily basis, especially
for the first nonth. The efficacy, based on primary efficacy (nycol ogi cal
cure), clinical efflcacy (appearance of the new nail, disappearance of
signs and SYRPLBMHEP26 and total 5 efficacy (i.e., both mPESUSHHA6E, al uati on
and clinical evaluation assessnents) at the end of the first, second and
third nonth of the study period is sumarized in Table 1. Table 1 Month |
Month 2 Month 3 Patients % Patients % Patients % 10 Evaluated 18 100 17
100 17 100 Primary Efficacy 7 38.9 8 47.1,59 52.9 dinical Efficacy 6 33.3
10 58.8 16 94.1 Total Efficacy 7 38.9 8 47.1 9 52.9 15 As shown in Table 1,

based on the assessed ch@pgsticht hadhg "mlw%y&m osw afd 8AgRtibR haviys of fungal
infection, and new pail growth, the clinical ficacy (includ- | negﬁpatlents

rated as "sli ghffyret anmﬂgycgfléqulmﬁ%mowm ﬁﬁmﬁemtynprﬁﬁ?%a
"cleared") at tdfeheanied ménthhe first, second, and third nonth of treatnent,

0 0 9
ﬁﬁﬁbgf ggbpaf?eﬁgzapﬁlfﬁg%{' éeéggé%ﬂ&gg%mg%Wﬁf“@g@%ﬁ@“ﬁﬁ;@ﬁ&%ﬁhosfge
decreased5at t hehiente pdtiehttsexpdriesdes obmy advtrse@nchts were eecordad. INo&dvese st udy
bnychonycosi s 1 Hae a8k borkd B SRE ol R e sBBIREL D vontn 3
Onychonycosi Patients % PireewsnigedhPacy opil grosghRaltes ¢intes Thg nail Bpertedivt ed 20 100
(2a0% 17 85 1897 ani5osty B ot e o e n o P B0 BB Ta” - s
One patient havdday: shsome4-op PORBApiesamBedinna enmplgiatenewt! of teinag tissever e”
onychonyc@si s Vo Qedo i SA0hA SheSP QI of Hai S S di G et ST AU GIEBIN astfelitafie end
age groups (nail growth being more rapid in the young), and that certain health
disorders and medications can upset the rate of growth. Thus, mycological evalua-
tion was judged as the most proper objective primary efficacy criteria to best predict
full future clinical efficacy. The efficacy of the two-coat type dual action antifungal
15 nail composition within the short-term study period as judged safe and effective for
ameliorating onychomycosis of varying intensity.
Example 2:
The uptake of antifungal agent by a nail substrate was evaluated in
vitro using human nail clippings collected from one individual. The nail clippings
20 were cleaned and extracted with anhydrous ethyl alcohol for several days before
applying the antifungal agent, terbinafine hydrochloride.
About 15 mL of four antifungal containing solutions each were
prepared comprising the following indicated amount, on a total composition volume
basis, terbinafine hydrochloride, volatile organic carrier (ethanol), film-forming
25 hydrophilic polymer (polyvinylpyrrolidone (PVP)), or penetration enhancer
dodecyl-2-(N,N-dimethylamino) isopropionate hydrochloride (DDAIP+HCI)).
Solution A. 10 weight percent terbinafine hydrochloride in anhydrous
ethyl alcohol.
Solution B. 10 weight percent terbinafine hydrochloride and 10
30 weight percent PVP (KOLLIDON® 30, BASF) in anhydrous ethyl alcohol.
Solution C. 10 weight percent terbinafine hydrochloride and 0.5
weight percent DDAIP<HCI in anhydrous ethyl alcohol.



of the third nonth. During the study period, the patients also maintained a
diary from 5 which the patient's experiences of any adverse events were
recor ded. events were reported by any of th Len uring the
study peri %09@%542% ecogni zed that new nail growth takgggﬁllts?@?lha?ﬁlg nai |
reportedly grows continuously at the rate of 3-4 mllinmeters (m”m) a nonth
(0.112 to 0.132 nm a day), so sone 4.5-5 nonths are required for a conplete
renewal of the nail. It is 10 also recognized that the speed of nail growth
differs between individuals as well as ag@g.groups (nail growth being nore
rapid in the young), and that certain health disorders and nedications can
upset the rate of grow h.Sohhiss D. 0y weighpersant terviahfiR-hytiooMon@sand Udatght as t he
nost proper objecti b efflcac riteria to best predict full future
clinical effi ca@erceryfﬁ)goﬁgkml gfirofl%ée{hﬁ\/\}(?o%éat type dual action antifungal
15 nail conposi t| on Wt hi"JFhemlalécls:Ipmgs werrsepastteylimpesddad alsit f nlgedagaife and
effective for 0 i NeRYGE yn i Exanpl e 2:
The upt ake of antl f(tnn‘éa d;gnd)ﬁ)(%y gxnaﬁtlg()? bsOYIfra{a &dtﬂé@%egged in vitro
usi ng humad nai rterbmafppmr@géetemmeé@ty@wawn@aﬂmenqemtw afitgtbinafineindbg | cl i ppi ngs

20 were cl eaned s@ﬂ@on%tarf@ﬁﬁlgxgowrﬁ%v%ﬁbﬁeglﬁ@k'tﬁrtl‘ﬁ% IRYin lﬁi!rrpem tohb¥ut 38veral days
before applyi ngat he anti f ungal agent t er bi nafi ne drochl ori de, About 15

nL of four anti W@aMe%SHWF&Ph‘V%cj“ Pting disk Péﬁwamr%qulﬁpmaebhpn si ng
the follow ng i f(IHPID@)tt@dmﬁlﬁ@tmﬁgaW@teﬁ Alpdrak H@D@@thts@ynmwwrms mﬁms

t erbi nafine hydr orid vol atile nic carri & % m f or m ng
25 hydrophilic 6%?‘%’@‘ ’X/\V?SWVIBW%J%F}WS’H@“(W&?Y %Fm ‘érﬁj eF%&"r A enhancer
dodecyl - 240N, N- datmaﬁinyhmm mg)e)ctmszmrIQpirhmlaier Wwychoapbiedraf deo gaiDAl PHCI ) ) .

Sol ution A 10 rhe't ?at“fgee%r}(e&ﬁgﬁ? Bag{slgw r}gwayegr O‘ﬁﬁegﬁlw&%dﬁﬁt%héﬁwus et hyl

al cohol . Sol uti per cent terbinatin orrde and 10 30
wei ght percent PR pheghoridei r'I}le B@bllﬁﬁk@ffe)commoammmais)aes dfyHuffal apd 761 .
Solution C. 10 L Liopencent terbinafine hydrochloride and 0.5 wei ght

per cent DDAI PHC\r&%]itn aﬁﬁ clr ous et hyl al cohol. WO 2004/084826

PCT/ US20041008618 - 24 SG‘PSIP?‘P%@BPMQ@‘Y\%FW%;@Eéﬂ‘t‘al}yefﬁ%ldmawé the

hydrochl onsde apgludon¥@h&tration of terbinafine was observed in all cases, which gradually

approached equilibrium after about five hours, remaining substantially unchanged up

to 24 hours, indicating that saturation had been reached. Uptake from Solution A

reached equilibrium in less than about one hour, somewhat sooner than from

Solutions B, C or D. In all cases, the average amount of terbinafine uptake was
20 judged to be about 5.2 mg/100 mg nail or about 5.2% on a nail weight basis.

The terbinafine-treated nail clippings were then separately recovered
from each test solution and rinsed with 10 mL of ethyl alcohol to remove antifungal
liquid from the surface cavity. The rinsed nail clippings from each test were then
separately immersed in another 5 mL portion of anhydrous ethy! alcohol to assess

25 the rate of terbinafine release from the nail structure, by determining the concentra-
tion of terbinafine hydrochloride released as a function of time using the HPLC
technique described above. The amount of terbinafine hydrochloride initially
released from the nail, based on release measurements over a period of about 48
hours, was greater from nail treated with Solution A, than from nail treated with

30 Sé)lution B, C,or D. Asshown graphically in FIGURE 2, the amount of terbinafine
hydrochloride retained in the nail reached equilibrium in a period of about 10 hours.
The order of efficacy of treatment was Solution D>Solution C>Solution B>Solution
A.



percent DDAI PHCl in anhydrous ethyl alcohol. The nail clippings were
separately imersed in about 5 nL of each of solution A, B, C, and D
(solid:|iquiyd Héds f about 1:10), and the uptake of 5 f

determ ned by negs&tjsrzgng t he concentration of terbinafi neﬁﬁ%zﬁ(ﬁmb%g? ution as
a function of tinme over a period starting fromimersion to about 24 hours.
Measur enment was made using Hi gh Performance: Li quid Chromat ography (HPLC)
techni que using a Waters Alliance HPLC. (Waters Symetry C 18, 3.5nm 4.2x75
nm col um was equi pped for the separationszsV 224 nm for detection, flow 10
rate 1.5nm/mn., injection 20 L). The buffer was conposed of two parts
triethylam ne and 1000 paFIGURE 3 deplacillyehswitheretentich éfherbiktinetydmdhldst ed to
pH 7 wth phosph aci S€cGoROS ti.on rts of

buf fer and 75 préf{r)etuggat%entt ena[ﬂS?ngDé)‘ﬁh Scﬁ&%ns g Hﬁ gffi?/tallwacﬁ @ﬁg%f an
initially fast déorfasiegpolymben StktieoBand tre ptemimam erbRcenindolutionsC aaf i ne was
observed in all | about
five hours, rem e neutfbann dhtl Mok R AR R W BN BBl T ng
that saturation Bemmezn reached. Upt ake from SoI ution A reached
equilibriumin less than aRoyt,omen BOEbina B W@Bloﬁ@@ﬁﬂurﬁaﬁl Bh1 El'i@m
Solutions B, Cor D. In all cases, the average anount "of terblna r%e upt ake
was 20 judged t PSBdUnglene! tBnowsssempaedpsingaiolution Apt (i, PEPawd snindXMEPlE wei ght

basis. The ter bl21airdlm:pbmgﬂiaemgraauastaﬁhummgﬁdwahi@kﬁ BER/-3h Mer!sBledted eCOVer ed
fromeach test Ls{g LitIOI’l e{ ri nsed %5@3 g e%%eﬁ al cohol to renove
antifungal | i qui&$5ea GEPRIRE Yag2pe hﬂ'g’emﬂ“ﬂ oqdHebEEgn 49 PPERMEHbi ngs from
eaﬁhdt est me[1 eI tﬂwml s, asjseanamtaﬁwdrmlwmwcedabbtwebnanmﬁfrhefthsﬁiadnera@dmbec:tge@&’ f

anhydr ous et hy coho SS e.rate o e I ase from
TheYoa st ot eS8 hP e fiee e AR R nE R oRlesdath Batiite BEpdiHET e

hydr ochl ori de rquesaé«eajnaalshoaief uﬁmﬁnﬂ)poldér.thusrhed arsopeging e plelﬁte@tioxt adiwas que
descrt ped above. s B ARl whelfl AR ARRAL B IRld kbl Y | of eased

fromthe nail, based se neasurenents over a perio t 48
hours, was greatdffusiongell aas permeebls membiench TQQWQﬂvaﬁamCﬂ)t ofzackrafdhndeaen treat ed

with 30 Sojsut i 0rbeﬁan@recél%n?eel%as%hﬁﬂ‘ﬂn@&fél%@r'nfe@ﬂlérﬁ/aréarbei)ﬁtJRES Zquatdemarmount  of

terbinafine hydrochloride retained in reached equilibriumin a

period of about Hi§ depRrsslutionrygs the a@fuvgﬂ S@‘F‘f‘%@&&}“‘&‘l Avr Salufien®) ddhesol ut i on
D>Sol uti on C>Sol pdédian sdBatfalvis hatydrods eti¥D 2R0Rd TR B28vePeTiltisHA0R44RPI86 18

periodically over a period of up to about 100 hours, and analyzed by HPLC, as in

Example 2.

20 The cumulative permeation of terbinafine hydrochloride in the
receiver is graphically shown in FIGURE 4, and indicates an enhanced permeation
of terbinafine hydrochloride through the nail from Solution C containing 10%
terbinafine hydrochloride and 0.5% DDAIP<HCI over that of Solution A containing
10% terbinafine hydrochloride in anhydrous ethyl alcohol.

25 Example 4:

This example illustrates formulations for one-coat type dual action,

antifungal nail coat compositions, (A), (B), (C), (D) and (E).



-25 FIGURE 3 graphically shows the retention of terbinafine hydrochlo- ride
update in the nails treated with Solutions C and D. The data indicated that
the filmf ! ynmer in Solution B, and the penetr gt er in
Sol uti ons aﬁgggﬂg%?a%ontributed beneficially to increas?%gﬂﬁﬁgg@@ﬁﬁhence
time of terbinafine in the nail. 5 Exanple 3: The perneation of terbinafine
hydr ochl ori de by human nail clippings as a function of tinme was conpared
using Solution A and C, prepared as in Exanple 2. Nail clippings having a
substantially simlar dry thickness (+1-5%6-were selected. A selected nai
clipping was anchored by being placed between two open netal 10 franes, a
seal ant material was placed between the Iablm3of the frame and the edge of
the nail, and the edges of the nail were then conpressed to stabilize the

nail and provide der. The nai R had an opening for
perneation and was seal ed, agai | eqkpge nt anch d nail was
pl aced in a horizontal Franz di?%%siog_gellwgg a 2 neabﬁ%?nenbrane. The

vol ume capacity of TeamafigtHEhe dohor 155cel |l ®nd redeivinglcell was 3 ni,

and the perneation_ar fﬁ{ about 78.5 are T? donor sol ution was the
antifungalssolutioﬁﬁé%@l lion A 5F?Sol on égy;nd 'ﬁe recei ver sol ution

was anhydrous et hypyalgghol . The giecei wgy solggion ywas samgy ed periodically
over a period of up to about 100 hours, and analyzed by HPLC, as in Exanple
2. 20 The cunul at i Benzsbalendal i on 875t er Bi’haf i A€5hydPOdéhl or Pde in the
receiver is graphigally.s in FIGURE 4, and. i ndicates an enhanced
pernmeation of ter A Fhe %@dro@ﬁ[ori S'thrgﬂbh tfﬂ?‘nailqgfon1Solution C
contai ni ng 10% t er bigwkigasmtibysiefgdat ori de and 0. 5% DDAl PHCI over that of
Sol ution é containing 10% terbinafine hydrochl oride in anhydrous ethyl
al cohol . 28 Example 4: This exanple illustrates fornul ations for one-coat
type dual acti orExamgid 3:f ungal nail coat conpositions, (A, (B, (O, (D and
(E). WD 2004/ 084826 PCT/ Ug2 - - =EDI VEI GHT
PERCENT (A) (B) (O (D) tﬁ%g&%{ng%qmsgates, P r-ggcpénﬁe&; gu1hé§%go@}%f

dermatophytosis caused by Trichophyton mentagrophytes (T. mentagrophytes)

(ATCC 24953), the in vivo clinical and fungicidal efficacy of one-coat type dual
15 action, antifungal nail coat compositions containing varying amounts of terbinafine
hydrochloride and of penetration enhancer, DDAIP*HCL. Ten compositions were

prepared having the amounts indicated in Table 4.



TerbinafineHCl 1 510 1 1 5 DDAIPHCI 0.5 0.5 0.5 2.55 PVP, USP 0.5 0.5 0.5
0.5 0.5 Benzyl alcohol 0.75 0.75 0.75 0.75 0.75 Ethanol to 100%qg.s. Q.s.
9.S. Q.S. QS g}.s. = quantity sufficient 10 Exanple 5: This exanple

i || ustrat esVOihM23433¢ ogni zed gui nea pig model of  der matPSPHRRUM0S6 used by
Tri chophyt on nent agrophytes (T. nentagrophytes) (ATCC 24953), the in vivo
clinical and fungicidal efficacy of one-coat type dual 15 action, antifungal
nail coat conpositions containing varying anounts of terbinafine

hydrochl ori de and of penetration enhancer,,,DDAI PHCI. Ten conpositions were
prepared having the anmounts indicated in Table 4. WD 2004/ 084826

PCT/ US2004/ 008618 -27 Table 4 Wi ght Perggnt | ngredient 5 Exanple

Ter bi nafi ne DDAl PHC1 PVP, Benzyl Ethanol  to_ HCO, 6 USP Al cohol 100% 5(A) None
None 0.5 0.75 g.s. (control) 5(B)YkishiPercent Ingredient7s . s.  5(C) 1 None 0.5

0.75 g.s. 10 5( D) 5 _None 5 075 [ E%F) Q None . 0.5 Q0_75 g-Ss 5( F) 1
0.50.50.7509.s. | 5(G 1 2.50.50.475g.s. %H 1p 0.50 75 q.s.|] 15 5(1)
50.50.56.75 q. 9. Exafiple 1OTedbifaffle § DDARP-HCS. PVRe pBeasduf Ehaml tof he in
vivo eval uation prjotocol uged H€te ijn conpli anc¥Swi t hAtdoBolAni 0%\ f ar e
Act, the CGuide for thﬁAgiar ¢ angl Use fof fahoral s 0.75 q.s.
(control)
5(B) None 0.5 0.5 0.75 q.s.
5(C) 1 None 0.5 0.75 q.s.
10 5(D) 5 None 0.5 0.75 q.s.
5(E) 10 None 0.5 0.75 q.s.
5(F) 1 0.5 0.5 0.75 q.s.
5(G) 1 25 0.5 0.75 q.s.
5(H) 1 5 0.5 0.75 q.s.
15 5() 5 0.5 0.5 0.75 q.s.
5(3) 10 0.5 0.5 0.75 q.s.

The procedures of the in vivo evaluation protocol used were in
compliance with the Animal Welfare Act, the Guide for the Care and Use of Labora-

20 tory Animals, and the Office of Laboratory Animal Welfare. The protocol also was
approved by the Institutional Animal Care and Use Committee (IACUC), and the
TACUC Guidelines were followed. The evaluation was carried out at the Center for
Medical Mycology and Mycology Reference Laboratory of Case Western Reserve
University, Cleveland, OH.

25 Male albino Guinea-Pigs Harlan-Sprague-Dawley (San Diego, CA)
having a body weight of about 400 to about 450 grams were acclimated for a mini-
mum of five days prior to use. The environmental controls for the animal room were
set to maintain a temperature in the range of about 16 to about 22 °C, arelative
humidity in the range of about 30 to about 70%, and a 12 hour light/12 hour dark

30 cycle. Guinea pigs are naturally susceptible to dermatophyte infection and need no

special manipulation, such as immunosuppression.



20 tory Animals, and the O fice of Laboratory Aninmal Welfare. The protocol

al so was approved by the Institutional Aninmal Care and Use Commttee
(IACUC), and the | ACUC Guidelines were followed. The evaluation was carried
out at the WRAVEMHBY  Medical Mycol ogy and Mycol ogy ReF&FERERYPUAE: at ory of
Case Western Reserve University, Ceveland, OH 25 Ml e al bino Gui nea-Pigs
Har | an- Spr ague- Dawl ey (San Di ego, CA) havi.ng a body wei ght of about 400 to
about 450 grans were acclimated for a mni- nmumof five days prior to use.
The environnental controls for the aninal2goomwere set to naintain a
tenperature in the range of about 16 to about 22 C, a relative humdity in
theI range of about 30 t o Eaktouit gm%plgmdsaaeataetizauwnlh hxgimhéﬂzaschmum;/quark 30 .
cycle. Quinea p| ar ce ophyte infection an
need no speci al™ ?eﬁﬁ?ﬂ?e)fﬁ Wr%%‘“aéffﬁﬁ?%%dp Wgﬂﬁgi ‘8‘2 AREFPITBHI 84826
PCT/ US2004/ 0086@33:1 bR Bolackh Usergtanglscmeahaperghamasasa;hp@etdhmtthaleﬂ side bfthan

i ntranmuscul ar ( i D] i

xyl azi ne, ket amElMlea n%k g%ie(p%(r)hrlr%%ﬁ sﬁg@e&%g%@i@gh QQB}S,%QS‘%O{ C(Egﬁ)%ﬁtg{c{leal ectric
shaver, ha¥r washaedd ssmeateany abm215é¢25§mﬁ@u@t“¢ah@arkgdumadlpmg aod Back. A

cl oser shave wa t haved skin
area of about Zﬁlg& Ed’ﬁ&n%&@aﬁﬁﬁi&g%\}}ggﬁﬂg?ne iﬁ%ﬁrzﬂ%@m ﬁcﬁ” B mar ked
skin area was athenBésteditomcally by F}}Oéoughlﬁéub@mg@n@éhﬁ ¢sk1rrhéelbwismampl g was

t hen infected t@mg@h)agrggyytgmg(m@m%&ubbl ng onto the abraded skin a cell
suspension of T. nent agrg tes é 24953). The T. K meng aglr ophyt es

suspensi on was prepared UBEHART Yﬁeﬁﬁlsﬂeml%wﬁﬂfﬁ%‘?‘j&ﬁw ‘yngdm frozen
st ock) oni@Pot at meddegropinse (Rea frofdnBAkk) dai Fotto Dektokal gar (PDAS(DIfRL &Uhl&tﬁatand

[ bat i th | at t.. ) t f ab bout
oubaLl 10 0 BRSO St s Sl B P 20"
sterile salineawot firtdtoabduiNa®tDd§5.9The cafones weastriapgy frdm éhe plateesigwterite steril e
saline sol utiongp,l g tfbﬂgfqg%?oé’% Agr é&éﬁﬂg%&dmhé}& hesftérié&aﬁgé éo’i\ﬁ ﬁo' ution.

Aten-fold dlluflono suspensi ed using
a henmacyt onet er the ponigie Rierayesuspprsded Fwnlwllwil@pa M@i fw@@hmem%aondlafl nal

concentraﬁson Ofys %en,zsoma Tﬁfeebaswaﬁ%mtéaqls @Tac{yﬁznlr&erp%r s & i pérfa!ohters

normal saline solution i nocul um COUI’] , ] ution of T.
ment agr ophyt es NoORidiGYasprApaTed it %ﬁr@b@wn@nﬁlm Ichte @éprworrpmavmg t he
suspensi on ont o(FalQeF FatniBRXtef Qe AGa ne 66Nt The RREALALEHI of BSlieR-

fold dilution of T. mentagrophytes working conidial suspension was checked by

plating the suspension onto Sabouraud Dextrose Agar (Difco Laboratories) media,
20 incubating the plate at a temperature of about 30 °C for a period of about three to
about four days, and then determining the colony counts.

Three days after the inoculation and infection with the dermatophyte,
the guinea pigs were each treated, once daily for a period of seven days, with 0.1
mL/application of one of the selected nail coat compositions, 5(A-J), listed in Table 4.

25 Three days after completion of the seven-day test period, mycological and clinical
efficacy was examined.

Mycological efficacy was examined by removing hair samples with a
sterile forceps from four quadrants, (10 representative hairs per quadrant). The hair
samples were planted in a corresponding quadrant on a Potato Dextrose Agar plate

30 and incubated at a temperature of about 30 °C for about two days. Following the two-
day incubation périod, the fungal growth at the hair root was examined under a
stereo-microscope. The effectiveness of a test composition in reducing the number of

mycologically positive hair samples per treated animal group was expressed as



20 incubating the plate at a tenperature of about 30 C for a period of about
three to about four days, and then determ ning the colony counts. Three
days after the inoculation and infection with the dernato t he gui nea
pi gs were ex8RY O[foe‘%ﬁed once daily for a period of sever?cgfé@lq% 004(0p3618 0 1

mL/ application of one of the selected nail coat conmpositions, 5(A-J), listed
in Table 4. 25 Three days after conpletion of the seven-day test period,
nycol ogi cal and clinical efficacy was exam ned. Mycol ogi cal efficacy was
exam ned by renmoving hair sanples with a-®terile forceps from four
gquadrants, (10 representative hairs per quadrant). The hair sanples were
planted in a corpmsma)guﬁfmcﬂwmﬁwamtthmnnaatabctoatrol @mptdf@ﬁi@a&fsrngpﬂeat e 30 and

i ncubated at a t f_ L WO days. Follow ng the
ﬁmﬁ%@rl 0 e%)c n iaﬁag ové%ﬁ '

two- day i ncubat’ton he hair root was exam ned
under a stereo-Tf wsdsedxpe in flmm@‘mwdKefmélvehalalmtb@mntm@mbmtml group. n

reduci ng the nunber of I Ly reated
ani mal group was expressed agﬁ’iﬁéﬁﬁ% 5ol %%i‘%%‘gﬂ%%? bl{é%&g]}%qoggé%gk) b

per cent age Sef f i PRe§OY EPhiglp gentioh grgye @Wyp Sh fixigunnamigs|west Geipd with emh ﬁ%ﬁ s using
the follow ng f&tmkanpl‘é/q&ﬁahlaﬁ&wxs é@oné%v)ﬁ iARBIKY, (10MIEH& at Gropesi tive

hair in the test group, = positive hair in the untreated, control group.
Four guinea pigs \K%sP%ct‘t"é]é’iéﬂdWetaﬁ°“ﬁ’l?§f°élbﬁ"ﬁ’éf§lpfgsdﬁ‘s8?3“‘8%“3‘15?(5,&‘)‘1 &ted 5 placebo
(vehicl e controlchntedl @tp(Groapp1)l) . five guinea pigs were tested w th each

a5 Groups 2- 10 Tespecti VR BAY TieegrbaR SOt OGRS 1 Jeehe
nai nt ai nedoas argréwthet fuagal fitamhisdhdigringlipv4sienai thehbjr root eSubstintinlly simitet he
i nfected, contr C{{Nagigh BEfe mng?oo(s%a? ﬁ@eﬁﬂ“)thesi?%é\gg guié%brg%sg\'%aad g)clth p%a)%

fllarrentsmdlcaln I nvasli o air_ al'ly | ar
i nvasi on of the (ﬁmup 1) eyt witlwas drvgtiesd compositien bfﬁ)@é(@d(}guipﬂéa‘\lmfglse treated

wi th placebo ( Q?fﬁ? itons @&galﬁ\b% i fMBinl £ 6 BRC ?PE{E §dlc9é"ca?£fﬁ@&§§( B)

(Goup 2). Al ositions containing te I ne 5(CJ),
had mycol ogi cal démf’?sér&tf’?bééheaéﬁﬂﬁﬁfsftﬁl*%ﬁléé?“wtsﬂ%@eé%ence of fungal el enents

in the haip. 15 Cinical @flﬁlbﬁeﬁuamsaﬁs&@m@xmmﬁgﬂmdﬂbm dsQg @k changes in
the appearance of the skin and re at the tes% sites, using

)
the fol lowing rfEREFaNESP! tageiinand e evtw 8t haer a“*ﬁdesr sies.gi§ing the follgWang s j ght | y
eryt hemat ous pl anfsriedh sdofecriteria: 0 = no lesions; 1 = few slightly erythematous places on the '

skin; 2 = well defined redness, swelling with bristling hairs; 3 = large areas of marked
redness incrustation, scaling, bald patches, ulcerated in places; 4 = partial damage to
20 the integument and loss of hair; and 5 = extensive damage to the integument and
complete loss of hair at the site of infection. The assessment of clinical evaluation in
the change of scores per treated animal group was expressed as a percentage relative
to the untreated control group of animals using the following formula: % efficacy =
100-(T X 100/K), where T = scores in the test group and K = scores in the untreated
25 control group.
The infected control guinea pigs (Group 11) showed patches of hair
loss and readily visible ulcerated or scaly skin. Substantially similar lesions were
noted in the Group 1 guinea pigs treated with the placebo, Ex. 5(A), and the Group 2
guinea pigs treated with the drug-free composition, Ex. 5(B). All of the terbinafine-
30 containing compositions, Exs. 5(C-J) had clinical efficacy, based on an improved
appearance of the skin as demonstrated by healthier skin and regrowth of hair in the
Groups 3-10 guinea pigs compared to that of guinea pigs treated with the placebo

(vehicle) control and drug-free composition, Exs. 5(A-B). Clinical efficacy was



skin; 2 = well defined redness, swelling with bristling hairs; 3 = |arge
areas of mar ked redness incrustation, scaling, bald patches, ulcerated in

pl aces; amage to 20 the integunment and | os nd 5 =
ext ensi ve @Oé)ofdothe i ntegument and conplete |oss O?C%lsglﬁﬂ osgﬁe site of

i nfection. The assessnent of clinical evaluation in the change of scores
per treated animal group was expressed as a percentage relative to the
untreated control group of animals using the following fornula: %efficacy =
100-(T X 100/ K), where T = scores in the -t38st group and K = scores in the
untreated 25 control group. The infected control guinea pigs (Goup 11)
showed pat ches ¢dgpdontimiredspsa diig cpregefratign of abpw) levaight 86 Gixe8(COrand@bd y ski n.

Substantially s lm}mrpeh&ﬁh&{lémm&econ&%%nlo@aﬁola?o %&}gﬁh % @Y NP7 vt L M eat ed
wi th the pl acebo, guinea pigs treated wth the

drug-free corrpoé‘i‘ctr?aé‘ﬁg ﬂﬁg)mgg(’Bt)em OAFqcreé?m& ‘ﬁ%l’?"é?fﬁioﬁ %’éerffenté’ﬁﬁ‘idaﬁ%l ng
conposi ti ons, E>p$ov1d§(a@uﬂﬁerbéﬂéﬁ61hlllﬂér6@émQ:ﬂlfnbﬂ%ﬁlbacybased on an lrmroved

appear ance of the skin as dﬁ a_gstrat eg heal t hi er skin %Q}E %’r owt h of
hair in thd Goups 3-10 YuUPHEy gbitysty Mﬁavréty"tgoant%iwarﬁs PYshgs treat ed
wi th the pl acebontragstohs mieediorcafiatenthhnasgiadoldtidndnt Hdposed tBS AhintMRedorise S(A-B) .
Clinical effica 4/ 084826 PCT/ US2004/ 008618 -30 judged optim zed

at a drug conce ePtﬁﬁ%f)HmnFrag out 1 wei ght % (Ex. 5(C)) and at a DDAIP
penetration enhdxemplegoncentration of about 0.5 wei ght %(Ex 5( F)), because

i ncreasing the drug contept. o fé‘hﬁlﬁﬁﬁks"zﬂv}n@‘% ng%g{ Q? . content

did not provide a further ene*)l cial 1ncrease cy 5 At
the end ofl0t he $uajdgtionapntifingphsailicer) cempasiiion cossining é&lfblnaﬂneélmdrb«,hlmﬁie

i ntravenous inj %Bﬁg%aﬁifke?anﬁLush@raa%maﬁmopker% xﬁml éfofs@%aﬁiaﬁd%ta g Ani mal
Resource Center for _incineration. Exanple 6: This exanple illustrates in

vitro the perrre@lzﬁ"qdlffﬂ}“%'faséayone coat type 10 dual action, antifungal nail
coat conposition contai n'"l“rﬁeeicﬁé’cbl(ﬂ@lf hﬂaqnblwareestF&@ﬁh&eehdomk&whofaard keratin,

using an animel ool KCTaLL, el MRLES. o0l S0 20,5080 RIS, A 11l or
t hi ckness 16n t heherrmfbf@lfouabd)ltﬁ a‘tﬁuﬁl i mma(DﬁwTII),la]mﬂhbltrﬁﬁtlﬁ Ithe(rﬁ’ﬁﬁ ofdbosc 1); a
: E: gtggzz : 2 ¢ hz 6t tg ﬁ%ou?? %‘Fﬂélgl&t@{ (Dl sc]IIIS ori s1cf'é edges anm f]z:i)cl:eso(t\”eellcﬁl)d-iscand
was coated with Vaseline to prevent seepage of the antifungal drug during agar
diffusion evaluation leaving the opposing face exposed.
In one diffusion assay evaluation, three separate antifungal coat
20 solutions, 6(A), 6(B), 6(C), were prepared, respectively containing 25 mg/ml, 0.5
mg/ml, and 1 mg/ml amounts of terbinafine hydrochloride in dimethylsulfoxide
(DMSO). Each antifungal coat solution was applied to the exposed face of each
selected hoof disc (I, II, and III). The antifungally-coated face of the hoof disc was
then placed in contact with an agar plate seeded with a lawn of conidial suspension of
25 T. mentagrophytes (ATCC 24953) at a concentration of 5 X 10°, and incubated for a
period of about eight hours. The zone of inhibition (diameter of area remaining clear,
i.e., lacking growth) was then measured in millimeters (mm).
' The results showed that, at all concentrations of terbinafine hydrochlo-
ride, diffusion took place through the hoof and that the permeate retained bioactivity.
30 The measured zones of inhibition were generally inversely proportional in diameter to
the thickness of the hoof disc. Hoof disc II having a thickness in the range of about

1.1 to about 1.5 mm is judged similar to the thickness of human nails.



1.6 to about 2 miIlineter (mm (Disc Ill). The side edges and one face of
each disc was coated with Vaseline to prevent seepage of the antifungal
drug duringyg9afs0sdhd f Usi on eval uation |eaving the oppospi&gjsfz?abg;ﬁ gﬁoosed. In
one diffusion assay eval uation, three separate antifungal coa %

solutions, 6(A), 6(B), 6(C, were prepared, respectively containing 25
nmg/mM, 0.5 ng/m, and 1 ng/mM anounts of terbinafine hydrochloride in

di met hyl sul foxi de (DVMBO). Each antifungal coat solution was applied to the
exposed face of each selected hoof disc-@Gh; 11, and I11). The

antifungal |l y-coated face of the hoof disc was then placed in contact with
an agar plate s&#mBleyith a | awn of conidial suspension of 25 T.

i nent agr ophytes (ATCC 2495 exahple sRAMERMd dHhniclis®bf Ponf-cbAypeaitd! dchisribat ed
for a period of ;}bou{ aefllcght hour.s, The zone, of, |ﬁ’2| bition (di arretrﬁuré of area
I

remai ni ng cl ear 2otityngal nailjcaptcopgosition gryhyman, aails ysing s horse Bepfimpdal deprived er s
(nun). The resuldBxasped that, at all concentrations of terbinafine
hydrochl o- _ri de, diffusi t ook place through.the. hoof and _that fhe perneate
retained bPoactivity. 3 ﬁgneﬁﬂﬁ‘é?ﬁ?‘@&e @5%‘83‘}38?% ‘ﬁWfﬁag‘?SFi‘Soarﬁf & -B}E’ner ally

i nversely propohémsolmif isi dieadédoams tvashet] thrédtendstwithibonéfsis Settidnkef esfhodf sc.  Hoof
disc I'l having hic i 0 1.1t ut 1.5 mmis
judged simlar %‘}u%aetlﬁ?%iﬁ %ﬁ%@%’éaglfo b %%gnﬁa%g?ﬁ%sc HE WB]gf@OAZfE ﬁg)%glﬁén dlare

PCT/ US2004/ 0086 stgrilized by amgelaypihg Indivithil hoahseatiohears hen beateslowitheselaciednathl use
of a one-coat t &Hﬂ : ' : ' j { td an human
nai | s usi ng thexﬁaglgse sgigg rc!r)rllﬁéi{ltlhéllng_ g{eéts?%:“f??%gg{“@ﬁ e&%{;?‘?@ﬁ@%&g@%&%@r al
procedur e l0or sierhahesr shingnan Gempagitiays &(A-E) akTabls 5, andsleft iheontagoyidethpaat i s

cl eaned and washeg b @Rioh] FhicolphiboRUbdihs ofSBRE hOSSlimlRlSnfioed  having a
t hi ckness of about 100 mcroneters are cut _using an Arbor Dl ade and are

sterilized by adMtbecammstial fapiralnad lasdugsddiNIeece t icopfaingiedhe syathetioat ed with a
sel ected nail  gRalingQRREDIrbL, PPx. AN Thoireed HIET RBRIAS breQhent@EHI1NRE b &n

hydr ochl ori de and netration 10 enhanger shown in_ Conposition -H) of
Tabl o5, and | oAE BRI TP anHa] 1sPeouah oFh AIOLR B BICC

conpari sons sectiemsatafconansaion@bdsd Xarté, aad mcttmtdd forcopetiad bEdboutvibiirtiags at
comerci al topi Pl voP taining the thetic
antifungal, ci c%g‘gﬁ?&%ﬁ‘%wfé@gw@ )C) %’},‘%@I{X&g@{a& n%(%%'els]énceﬁﬁ%%s are then each
pl aced on an agar plate seeded with a |ZbleSof conidial suspension of T.

i nentagrophytes (ATCC Weight Percent Ingredient

Terbinafine PVP, Benzyl Ethanol to
20 Example | HCI DDATIP-HCI USP Alcohol 100%
7(A) 1 None 0.5 0.75 g.s.
7(B) 5 None 0.5 0.75 q.s.
7(C) 10 None 0.5 0.75 q.s.
7(D) 1 0.5 0.5 0.75 q.s.
25 7(E) 1 2.5 0.5 0.75 q.s.
7(F) 1 5 0.5 0.75 g.s.
(G) 5 0.5 0.5 0.75 gs.
7(H) 10 0.5 0.5 0.75 g.s.
70 Comparative PENLAC™ Nail Lacquer Solution Topical Solution 8%
30

Note: Ex. 7(I) contains 80 mg ciclopirox in a solution base consisting of ethyl acetate,
NF; and buty] monoester of poly[methylvinylether/maleic acid] in isopropy! alcohol
(Dermik Laboratories, Inc.).-



15 24953) at a concentration of 5 X 105, and incubated for a period of about
four days at a tenperature of about 35 C. The zone of inhibition was then
measured. Table 5 \Wight Percent |ngredient Terbinafine | Et hanol
to 20 Exanpy&OHSHDA PHO USP Al cohol 100% 7(A) 1 Noﬁgwg.sé"%g%é“ s.

7(B) 5 None 0.5 0.75 g.s. 7(C) 10 None 0.5 0.75 g.s. 7(D 1 0.5 0.5 0.75
g.s. 25 7() 1 2.50.50,75¢9g.s. 7(F) 150.50.75qg.s. 7(G 50.50.5
0.75 g.s. 7(H 10 0.5 0.5 0.75 gq.s. 7(1) Conparative PENLACTM Nai | Lacquer
Sol ution Topical Solution 8% 30 Note: Ex.3p7(l) contains 80 ng ciclopirox in
a solution base consisting of ethyl acetate, NF, and butyl nonoester of

pol y[ met hyl vi nyl ether/mal eic acid] in isopropyl alcohol (Dermk
Laboratories, | mxampled® 2004/ 084826 PCTI US2004/ 008618 - 32- Exanpl e 8. This
exanpl e i I 1ustrates the f i cidal., activ of, .one-coat_ type dual _action,
antifungal nail coat co ﬂgﬁ?g‘ix@%‘ﬁgl ‘Hﬁ?tﬁﬁth?ﬁ’ﬁg‘f’@fﬂtﬁcﬂ‘éffy?fé’n%ﬁ%‘%ﬁfj%"rll de and,
as 5 a penet r atction, mmlﬁ&rgalerau cB)ID/éd)ri?ﬂad@itlpna@atahﬁtg téﬂbtrﬁﬁnésmrd&ich}bndé aridgy

der mat ophyte Tri cho ubru
der nat ophy%e Tr |a@ﬁoeg%%} e PR D ’taéén% _];h:ee i fnei@ @’8@ g()pu&gnd ten
strains of the y"ela/gqpy@amdbrdm (EIrbbmah&lne(stf}nnmfbhmmatopm Trichopiytaponposi t i ons

cont ai ni ng terbgzﬁi I R .8Eﬁ§x]§tenlsg‘ai%§€9the 965 carfiflfh Hitifls L1 o

control, Ex. prepare e anounts s 6 and
f ungi ci dal effl&ﬁc%lble@ﬁﬂrbared agai nst that of a commercial conposi- tion, Ex.

8(D): PENLACTM Nai | Lacquedil i dakrpOditiohe BérfidhingR 8RR hidedniieat il N9

ci cl opi r ox
P 2) 8(A), 8(B), and drug free control, Ex. 8(C) were prepared having the amounts shown

in Table 6 and fungicidal efficacy compared against that of a commercial composi-
tion, Ex. 8(D): PENLAC™ Nail Lacquer Solution Topical Solution 8% (Containing

ciclopirox).
Table 6
15 Weight Percent Ingredient
Example | Terbinafine | DDAIP-HCl | PVP, | Benzyl | Ethanolto
HCI USP | Alcohol 100%
8(A) 1 None 0.5 0.75 q.s.
8(B) 1 0.5 0.5 0.75 q.s.
8(C) ~ None 0.5 0.5 0.75 q.s.
20 8(D) Comparative PENLAC™ Nail Lacquer Solution Topical
Solution 8%

Note: Ex. 8(D) contains 80 mg ciclopirox in a solution base consisting of ethyl acetate,
NF; and buty! monoester of poly[methylvinylether/maleic acid]
in isopropyl alcoho! (Dermik Laboratories, Inc.).
25
Fungicidal efficacy, based on minimum inhibitory concentration

(MIC) and minimum fungicidal concentration (MFC) of the drug, was evaluated
using a broth microdilution assay, as well as an agar diffusion plate assay, measuring
the zones of inhibition.

30 The broth microdilution method was a modification of a NCCLS M38-
A standard method for the susceptibility testing of conidium-forming filamentous
fungi of the National Committee for Clinical Laboratory Standards (NCCLS). The
modified method was developed at the Center for Medical Mycology, University



Tabl e 6 15 Weight Percent Ingredi ent Exanpl e Terbi nafi ne DDAl PHCI PVP,
Benzyl Ethanol to HCO USP Al cohol 100% 8(A) 1 None 0.5 0.75 g.s. 8(B) 1

0.5 0.5 0. (© None 0.5 0.5 0.75 g.s. 20 8(D) | PENLACTM
Nai | Lacqugogyg?/ﬁst“?%n Topical Solution 8% Note: Ex. 8( ﬁ@%ﬁ’?ﬁ?“ﬁ@“so ny

ciclopirox in a solution base consisting of ethyl acetate, NF, and butyl
nonoest er of pol y[ net hyl vinyl ether/maleic acid] in isopropyl alcohol (Dermk
Laboratories, Inc.). 25 Fungicidal efficacy, based on m ninmum i nhibitory
concentration (M C and m nimum fungici dalz.concentrati on (MFC) of the drug,
was evaluated wusing a broth mcrodilution assay, as well as an agar

di ffusi on pl at e HRSgitys of B&EI4Ad, Wevelah€ OH) BE2d 6/ tHeMibtivdideibe3 Jddaap, by ot h

m crodi |l ution met hpd, was nodi.f.i.cation a NCCLS MB8-., A st andard_net hod
for the suscept i%hi |W'$“€@§“F%&“bd#ty§%ﬁ1“§i°g{??‘i“%ﬁ°%ﬁ§5-fMEﬁaBlﬂfBWﬁé'g‘ge&f‘ﬁﬁ’éi of the
Nat i onal Commi t tieducing ICoGidiahGeerith hmbivahtatonyof Susoeptitility of ML BYso- The nodi fi ed
met hod was develgpa t Center {0 I cal : I M Lty WO
2004/ 084826 pg}?ﬁézg%‘%}'ﬁé’ggf@@ﬂ@go Slog) 2% %%%4%@&%%%%3@{;@ and, OH,
based on t he netShedtydesicrdbindogyr{2Q08} shepliscimsuresef, whighare ingergerategbiereiapyi bi | ity
Testing of Der ma{pbt %%éed'%ﬁta%hﬂic%ﬂﬂe{‘&;/c@r c{fﬁfgri&ﬁ?bcfuglfbﬂ%ti/ GPIME}nBEiﬁQ&’Hl'efﬂb@

Gowm h and Evaluation of Susceptibility o nic s0- |ates, "Journal of

Clinical M crobifentespe dggatoglytesgadeption Afthegpedifiqdymethed a88p pmendment a8k ety f or

M crobi ol ogy (2Q§0Ls MB& Aditahdhibe Ren fopd¥Bd. Chheah&ifiddGRSRGY igtiQeritear ei n by
ref er ence. Base%eon a multicenter study of the reproducibility of the

modi fi ed method°®8r testi ng der mat ophytes, adoption of the nodified nethod
as an anendnent to the No&hh&GopBle ifolsteadielatbduliagl dneePotito ORREed Agdihe nodi fi ed

method is descr ia%[gg)r 2 Sh@Wited & 2 PEH BRI BY foSuf DA LEpeHof of HRGH) 4h&H ONt O

Pot at o Dextrose
5 days or until good conidiation is produced. T. rubrum isolates are subcultured onto

cereal (oatmeal) agar instead of PDA in order to induce conidia production. A
suspension of conidia in sterile saline is made by gently swabbing the colony surface

15 with a sterile swab. The suspension is allowed to settle for about 5 to about 10
minutes and the conidia is counted using a hemocytometer. Working suspensions of
conidia are prepared in 10 ml RPMI 1604 (Difco Laboratories) medium to a final
concentration of 1 to 3 X 10° CFU/ml. Yeast controls are subcultured onto PDA and
incubated at a temperature of about 35 °C for about 48 hours. Yeast inocula are

20 prepared to a final concentration of 0.5 to 2.5 X 10° CFU/ml. For MIC assay, each
drug concentration well and growth control well is inoculated with 100 microliters of
cell suspension, and the final volume in each microtiter well is 200 microliters. The
dermatophyte plates are incubated at a temperature of about 35 °C for 4 days (yeast
controls for 48 hours). Plates are examined visually for 50% and 80% growth

25 inhibition as compared to the growth control, and MIC results are recorded in
micrograms (pg)/ml. The MIC endpoint is generally defined as the lowest concentra-
tion that inhibited 80% of fungal growth as compared to the growth control. To
perform the MFC assay, 100 pl is removed from each microtiter well without visible
growth and subcultured onto Potato Dextrose Agar plates. The lowest concentration

30 to produce <1-2 colonies is considered the MFC. (Inoculum removed from the

microtiter wells is streaked for isolation - there are no zones of inhibition).



(PDA) and incubated at a tenperature of about 30 C for a period of about 4
to about 5 days or until good conidiation is produced. T. rubrumisol ates
are subcul Sfda/Ak cereal (oatmeal) agar instead of BPfyykshofides t O

i nduce conidia production. A suspension of conidia in sterile saline is
made by gently swabbing the colony surface 15 with a sterile swab. The
suspension is allowed to settle for about 5 to about 10 mnutes and the
conidia is counted using a henocytoneter. Working suspensions of conidia
are prepared in 10 Mm RPM 1604 (Difco Laﬁﬁhatorles) mediumto a final

concentration of 1 to 3 10 controls are subcul tured onto

PDA and incubated at a %ﬁ@rﬁﬁséayo?brggb‘{!]t‘m%‘slsee‘ff%?‘egﬁbrﬂ’tcr% TRGUt s. Yeast

inocula are 20 pwitREMD]060 agitht idihadnt. CTHRQERC Es3hy 10 Perfirm@d by subc@tubinXtHe03 CFU/ m .

For M C assay, each . dr fon&e%@g on well and growth control well is
TR Cel |

i nocul ated with L G“E?f%”? suspension, and the final volume in
each mcrotiter well is Mthdagardiffmsmmssa‘y’,hhe statelandize d ploydlempif edrédia &r e

i ncubated a3t a t, # I for 48
hours). Pl gt es a g&g}zg{%ﬁﬁg dvi sua# tO%EXt%sgg‘&%lagé%@& 1)5\‘?0&\?,\;0 drgo\%ﬁ%r%l tion as
conpared to the t@qndw intogbhagapind thqqt@stmrgpqsé@u lispyt inteethe wbs gelaillpyied tai cr ogr ans
(g)/m. The M C g@d cf'&ntlhﬁ'x AGBHA |1§ HidalddngJo o? E&% ﬂﬂﬁﬁftmﬁ%@c%&‘éra' tion

that inhibited 80%0 unga gro as conpare e growh control. To
perform the MFCTemBaaipg clegolaging gow@arew@a Svrfa@m@a@watm meefured dp milimetessi ¢ hout
visible grow h @gfdeHRerl tured onto Potato Dextrose Agar plates. The | owest
concentration 30 to produce <1- %i_ucol onies is considered the MFC. (1 nocul um
removed fri8mthe nicrot |‘§%f‘ga§\€‘| glop %Ss@i‘?’@aﬂ?%f%m?egPSIP%BPtétt"l%’itrosetﬁ’gé’fe are no
zones of inhibi tplm)seed\imvﬂﬂ@Mﬂﬁﬁ8&ﬁd1§ﬁﬁé}i&ﬁ&%b@&%ﬂi&tmn3ﬂ5 ROHOS the MC

assay, a broth erforne RPM . 1064 as
the i 1 uent . Thanel ol SRRl ket o By alhbeheBRAYS ¢ o
wells fromthe Mx€ &(ASD) byfdding a@ﬁ)whgamddutéd testicompasivay to wells csttiatodlr giaz ed
1ol Um T, o s gl 50 B, LS a0 B SaB g S0
conposi tidA is phdays f@tdel’tnhf@phbé%lagd é&how;s fovywagt. (The ragpd #Il!iismeaardcﬁnﬁm fxf ungal
activity is evi %Hﬁ@er@&mﬁﬂﬂ@a‘%m@ﬁlex&%@%Qohé‘&'f'ﬂi}h&’n&?(zfohe)eassayé‘éﬁﬁe nJﬂemi' ni ng

clear, lacking growh) on the surface of P ates nmeasuréd in mllinmeters
(m) di anet er meA?Flt&@éFn'Eﬂbfq%%rFW’a%é‘iﬂ% et PPPYed using Potato
Dextrose Agar

v—w»

TABLE 6-A
20 Ex. 8(A) Ex. 8(B) Ex. 8(C) Ex. §(D)
Zone (mm) Zone (mm) Zone (mm) Zone (mim)
Organism Range Mean Range Mean Range Mean Range Mean

T. mentagrophytes, n=9 95-100 97.9 95-100 974 13-18 16 30-36 322
T. rubrum, n=3 55-100 843 50-98 81 16-18 173 30-34 32

25 C. albicans, n=10 19-30 237 18-30 2338 0-10 85 18-30 25.1

The data in Table 6-A show that terbinafine-containing nail coat
compositions, Exs. 8(A) and 8(B) were fungicidally active against all three organisms
30 and substantially equivalent in activity to one another. The drug-free composition,
Ex. 8(C) was judged substantially ineffective against the yeast, and weakly effective
against the two dermatophytic fungi, indicating that such activity was likely

attributable to antimicrobial effects contributed by benzyl alcohol and ethanol. The



pl ates seeded with a |l awn of conidial suspension at a concentration of 5 X
105 CFU mM . The plates were inocul ated separately with undiluted test
conpositions of Exs. 8(A-D) by adding 200l of undiluted test conpositions
to vell's cOlOPHFS3®He agar and all owed to diffuse. The PCRBOAICHPYEI,) at es
were then incubated at about 35 C for 15 4 days for dermatophytes and 48
hours for yeast. The range and nean dianeter in mllineters (m

measur enent of the Zone of Inhibition (Zone) assays of the nail
conpositions in Table 6 are sumrari zed i n3¥abl e 6-A bel ow. TABLE 6-A 20

Ex. BA Ex. SB Ex. BC Ex. SD Zone (nm Zone(mm Zone (nun) Zone (MM O ganism
Range Mean RangtereefineRamgisingmaihcdabenpoditions weTe judgedtabout dibe/times mere9 95- 100

T6:18 17,3 30. 34755 et P pifadpinic sbigh 3 Moy gl Ao, sl O
18-30 25.1 Thecemmerciahciqlapirox-cgnianiigaal {asguer.ad WFW&P‘PSttﬁémé]thqélVﬁl%@Onall coat

composi ti ons, Eus coflidtdl Bl e el e daidars act | ve agai nst all three
or gani sns 30 anglixsubstantl ally equivalent in activity to one another. The

drug-free TonpodXAMBK Y Ex. 8(C) was judged substantially ineffective
agai nst the yeast, and V\ﬂaxk|ﬁM1gBicfaB£dtllvN}eoft&gﬁhﬂﬂfethyﬁﬂibehlbm dheimsmhophyti c

fungi, indicati t|V|t trr le to

antimi crobi al H%’E’@f"g;‘)@’(ﬁ#\”}al f”éﬂm ﬁp@a&ﬁz@i@%ﬁlﬁi ‘Sél tr%tF?biﬁlﬁBffmoq*ﬁ‘éd

2004/ 084826 PCTNUIS23M4dthabaiod assaQBesblebebllmEJfamp% &, bmded ion infigintuai inhibivary
conpositions were ed I Mes etfe e.adal nst t he

der mat ophytic fu(hné&'f{ld %@g%dr% ungwhd& cfmc%%tlod@#tcéa?ﬁwgﬁ i er ci al
ci cl opi rox@cont dlffmsmgphmalssab'a@apwang thalzdleweflehﬂ;lmbst antially equivalent to

the commercial nail |acquep, &Eﬁ‘b&ﬁﬁosfnﬁﬁ E)ke?(%:) tggnax%&in? s1t1§nsExa”p' e 9 The

fungi cidal activity of terbinafine r'och der mat ophytic

fungi, T. nentageniaikins tesbinafing forr M@s@y Exs H(B) 4“9§(¢)a%@dﬁ drngﬁn@cqmratlrf@d

NCCLS broth dil Hérhﬂﬁltﬁﬁ%d@ %Edﬂ} admaﬁﬁgﬂmlaﬁo&ts bR%AGn PRbIET NARYM
i nhibitory concentration num f ungj ci concentration (MFC)

as well as an agﬁPare‘iUCTG|d¥@?5@i?%‘#°’ﬁp%@@4§@)§8§?’eﬁtéag‘ﬂ?‘i‘srﬂj terpigafisnes of
i nhibitions A phidedloride/aIéis fehddatiornhaReADD ATMPIC)2dnld c6@BinategBRedof | ONS

(Exs. 9(E-H) in the amounts also shown in Table 7. Included for comparison, was the

commercial PENLAC™ Nail Lacquer solution.



cont ai ning terbinafine hydrochloride, Exs. 9(B) and 9(C), and a drug-free
conparative conposition, Ex. 9(D) were prepared having the anmounts shown in
Table 7. A ed were dinethyl sul foxide (DVBO) s i ons of

t er bi nafi ne&(?%oo%gdrg%(r:hl oride, of the penetration enhancgJF?fﬁ%B’,&?@%gsl, and
conbi nati ons thereof (Exs. 9(E-H) in the anounts also shown in Table 7.

I ncl uded for conparison, was the conmmercial PENLACTM Nail Lacquer sol ution.
WD 2004/ 084826 PCTI US2004/ 008618 -36- Table 7 Weight Percent |1l nedient
Exanpl e Ter bi nafi ne DDAl PHC1 PVP, Benzyl Hganol HC USP Al cohol to 100%

9(A) (control) None None 0.5 0.75 g.s. 59(B) 1 0.50.50.75¢9g.s. 9(0O 1
None 0.5 0.75 gq.s. 9(D) None 0.5 0.5 O0.Tdlgzs. 9(E) None | ng/m in None

None None DMSO 9(F) 1 nmg/m in Nowe. mi;e eﬁn ne eﬁ%n{e DMSO 10 9(G 1 pg/min
None None None None DMSO 9(H) 1 | L in None None None DMSO
DVSO 9(1) Compar gt T e, EENLAGTM Nl L5 a88ici P! wipon T%EAZ ATl zRlyfilon 8%
Note: Ex. 9(I) cantai ns 80 rm:]f:l cI opi rox in a S%jﬂt&lf%l in“ﬁ E@ﬁﬁd%it:cng of

LIQD.-

et hyl acet at e, Nr, 15 i SUPITUPYI al o IIU% y OO, atrra—ott yr nmoTgeSTCT 4
pol y[ net hyl vi nyl Gt%@r(limblgi é‘féaq:i d] iln i Nensropyl 04l cqhof.7{ Der mik

Laboratorigs, Ind.). 9 C agsay was determ ned usjng tthe ?goth diTugi on
procedure “descrithed ] Example 8 perforited | nY2rotli t & well 1 §%i ffh RPM

1604 as the dilugnt. 930 Senial dil Uti oNsmeof fpachisteqt ¢osrpdsi yison|were nmade
in RPM diluent, @Emdthemr100+—of—ondi iout et eb('t) conposttigmand—9f each

di luted conpositilon WY addd¥™o a S 5 0.75 qss-
9(E) None 1 mg/ml in None None None
DMSO
9(F) 1 mg/ml in None None None None
DMSO
10 +G) 1 pg/mlin None None None None
DMSO
9(H) 1 pg/mlin 1 pg/mlin None None None
DMSO DMSO
9(I) Comparative PENLAC™ Nail Lacquer Solution Topical Solution

8%

Note: Ex. 9(I) contains 80 mg ciclopirox in a solution base consisting of ethyl acetate, NF;
15 isopropyl alcohol, USP; and butyl monoester of poly[methylvinylether/maleic acid] in isopropyl
alcohol (Dermik Laboratories, Inc.).
MIC assay was determined using the broth dilution procedure
described in Example 8 performed in microtiter wells with RPMI 1604 as the diluent.
20 Serial dilutions of each test composition were made in RPMI diluent, and then 100 pl
of undiluted test composition and of each diluted composition was added to a
respective microtiter well. Conidial suspension (100 pul) was then added to each well
and the plates were incubated at an incubation temperature of about 35 °C for an
incubation period of 4 days dermatophytes, and 48 hours for yeasts. For MFC
25 determination, undiluted test composition was added to wells cut into the agar and
allowed to diffuse. The MIC endpoint was the lowest concentration that inhibited
80% of fungal growth as compared to the growth control. The MFC endpoint was the
lowest concentration to produce 1-2 colonies. The zone of inhibition size was

measured (diameter of area remaining clear, i.e., lacking growth).



respective mcrotiter well. Conidial suspension (100 |) was then added to
each well and the plates were incubated at an incubation tenperature of
about 35 C j.,ncubation period of 4 days dernatop 8 hours
for yeasts,"&(%oro@ﬁhég%S determ nation, undiluted test co?}%g@?ﬂog%&gs added
to wells cut into the agar and allowed to diffuse. The M C endpoint was the
| owest concentration that inhibited 80% of fungal growh as conpared to the
grow h control. The M-C endpoint was the |owest concentration to produce
1-2 col onies. The zone of inhibition size Was neasured (diameter of area
remai ning clear, i.e., lagkin owh). WO 2004/ 084826 PCT/ US2004/ 008618

-37 The zone of inhibiti oﬁﬁe(@?’amlt I {dlamdter §i75 In mpy and theglilption BH{o® act or s
for the M C and fbFific MiSayd MRT ataye dbtuinédwigtecabh of thé benpeitiensis hownsni S shown
in Table 7-A -(E%IBL?% -A 5 Exanpl e Zone size Dilution (Conposition: Diluent)
No. (mm MC M (A" Zero 1:32 1:16 9(B) 80 >1:512 >1:512 9(C) 82 >1:512
>1:512 10 9(D) Zero 1:64 1:32 9(E) Zer®ahleBA 1:4 9(F) 80 >1:512 >1:512
9(G 18 0.03 pg/m 0.125 g/m 9(H) 18 0.03 g/m 0.125 g/m 15 9(1) 33
>1:512 >1: 512 The ter bi fixpinpls- c ohengisize ngDHulidn (EomposittompBdliigntlons, Exs. 9(B)
and 9(C) were fungicidal &°-the himhest dil dGn (>1: 5MC The

t er bi nafi ne-free conpositi , EX (A) and 9{P) were weakly fungicidal,
based on M C assays, but péritoEzk uced ﬁzg% 20 zonelé) i nhi bi ;Afg% i ndi cating that
any inhibitory effect obses®ed was B) kely attrfieutable prsmarily to sone
antimcrobial contribution fromthe benzyl alcohol and ethanol in the

vehi cle. The terbinafine-cdfRai ni ngg%orrposi tToMe were jﬁHél?d about 2.4

times as efyf ective as the gpgmerci gl nail |acgger, Ex. 94y, at equivalent

vol ume concentrations, based on the zone of inhibition. e comercial nail
| acquer was 9(E) Zero 1:32 1:4
9(F) 80 >1:512 >1:512
9(G) 18 0.03 pg/ml 0.125 pg/ml
9(H) 18 0.03 ug/ml  0.125 pg/ml
15 9(I) 33 >1:512 >1:512

The terbinafine-containing nail coat compositions, Exs. 9(B) and 9(C)
were fungicidal at the highest dilution (>1:512). The terbinafine-free compositions,
Exs 9(A) and 9(D) were weakly fungicidal, based on MIC assays, but produced no
20 zone of inhibition, indicating that any inhibitory effect observed was likely
attributable primarily to some antimicrobial contribution from the benzyl alcohol and
ethanol in the vehicle. The terbinafine-containing compositions were judged about 2.4
times as effective as the commercial nail lacquer, Ex. 9(I), at equivalent volume
concentrations, based on the zone of inhibition. The commercial nail lacquer was
25 comparable to the terbinafine-containing compositions, based on MIC and MFC
assays. Some difficulty was encountered with the commercial nail lacquer at the
highest concentrations due to evaporation of the lacquer vehicle and hardening of the
lacquer in the microtiter well.
In DMSO solvent, the fungicidal efficacy at a dilution of >1:512 of
30 terbinafine hydrochloride at 1 mg/ml concentration was again confirmed by Ex. 9(F),
with at most some weak efficacy from the penetration enhancer alone (Ex. 9(E))

based on MIC. At a terbinafine hydrochloride concentration of 1 pg/ml, the



25 conparable to the terbinafine-containing conpositions, based on MC and
MFC assays. Sone difficulty was encountered with the commercial nai

| acquer at i ghest concentrations due to evaporati h cquer
vehi cl e and&@gwﬁgﬁggb of the lacquer in the nicrotiterQQEﬁ%ykﬁﬁmB%BO
solvent, the fungicidal efficacy at a dilution of >1:512 of 30 terbinafine
hydrochloride at 1 ng/m concentration was again confirnmed by Ex. 9(F),
with at nost sone weak efficacy fromthe penetration enhancer al one (EX.
9(E)) based on MC. At a terbinafine hydmBéchl oride concentration of 1g/m,
t he WD 2004/ 084826 PCT/ US2004/ 008618 -38- fungicidal efficacy of the

t er bi naf i ne hyd/fiogividai effieacy@s the teybinafime hpdrbghlaijaiwas bubstantiillylequivalentintithout  t he
penetration enh e SEMrafidi Sihardt SR oG oregoing is intended to
be iIIustrative%gﬁﬁ@ﬂg p?%seﬁtgfnv%ntﬁ%ﬁe Qg%t %é?ﬁpbﬁiting._Nunprous
variations and nodificat iﬁ?stf_ﬁﬁ@mSJ’é_uéfﬁﬁ@i:tPé’dﬂwslfﬁb’GtOfﬂ@ PERSPRAARVERIPNS 1 om t he
true spirit andygGRPEmAMe! REméBYBRAAIRAS arnd3RodifidelisTBaylbe effdctadWitfidengal nai
coat conposition conprising: an . effective fungicidal amount of an

. g f
ant i f ungal Sagentepartingdromy, e ue pritit a9d soopef tBan¥FQRcer sel ected from the
group consisting of an N, N-di (C -C8) al kylam no substituted, (C4-C18) alkyl
(C2-C18) carboxylic ester or pharnmaceutically acceptable acid addition salt
t hereof, a pharmaceutically acceptable alcohol, and m xtures thereof; a
filmform ng amount of a hydrophilic polynmer conprising a vinylpyrrolidone
nmononer unit; and a pharnmaceutically acceptable, volatile organic carrier,
2. The antifungal nail coat conposition of claiml1l wherein the antifungal
agent is selected fromthe group consisting of allylamne and azol e
antifungals. 3. The antifungal nail coat conposition of claim1l wherein the
antifungal agent is an allylamne. 4. The-antifungal nail coat conposition
of claim1 wherein the antifungal agent is terbinafine hydrochloride.



5. The antifungal nail coat conposition of claim1l wherein the perneation
enhancer conprises dodecyl -2-(N, N-di net hyl am no) propionate hydrochlori de.
6. The antifungal nail coat conpositign of claiml wherein the perneation
enhancer conprises an aromatic al cohoP?-7. The antifungal nail coat
conposition of claim®6 wherein the perneation enhancer is a m xture of
benzyl al hoI and dodecyl - 2- (N, N- di met hyl am no) propionate. 8. The

anti funga 5| coat conposition of claim1 wherein the hydrophi lic pol ymer
is selected fromthe group consisting of a polymer conprising a

vi nyl pyrrolidone mohoner Amgntif wwabwdgcoah@prapqsésanponwrwme antifungal nail
coat conposition of claiml wherein the hydrophilic polynmer conprises a

vi nyl pyrrol i done noremndfective fungelidat amduidtrodan anti fuapdmgebytorer t her eof , a

copol ynmer thereof, and a conplex thereof. -40- 10. The antifungal nail coat

(L:)glrrg\cl)lsln;: g;{ig;lrgla;'@gnén?@ﬁﬁﬁé @eﬁéﬁﬁ@{tloﬂﬁﬂﬁdﬁ@@ seleGteBqtonTBle ¢ r§:§ conswEn I .
Cof b Mg M RGRIC e} S ORGSO TPATRSL AR o /2l m
kL tPFﬂha agéu%cal'l ac%egt% % faafd fE:PIn glt ghs V\%)fgﬁgfz I%Qeu‘:ﬁ ol 12. The

anti funga 0&’& n@ carrl er is ethanol.
13. The aftS%P B:aqc >[ANE GHt u&f JEP%i on of claim 1 wherein the antifungal

agent is present, on a total conposition V\Blﬁht basis, in_an anmobunt in the
range of 0.1 to 20 wdilgHorpmeaaunt a4 hydiephy ¢ POlyAGRFOMBIIYiNg at conposi tion
of clai m yinyiprelidonchmonemer ynitiged agent is present, on a total conposition
wei ght basis, in an anpunt in the range of 0.5 to 15 wei ght percent. 15.
The anti fungal nai | aphaimavengily aceptadle, ebRtifa ckgmtiecatier.t he anti f ungal
agent is terbinafine hydrochloride. 16. The antifungal nail coat conposition
of mglog: m 15 Wneral not he Thenhifakiingilys@ o@i‘hbﬂ%fbl%nﬂrﬁﬂ%'?élg g at gth al
%Qtﬁﬁ%zﬁ g @Effée%ect cf'fr&ﬂt ,Elf) consisting 9f & lcel an a Rge )

percent. unga nai | conpos |on 0 wherein the

3. The antifungal nail coat composition of claim 1 wherein the
antifungal agent is an allylamine.

4. The antifungal nail coat composition of claim 1 wherein the
antifungal agent is terbinafine hydrochloride.

5. The antifungal nail coat composition of claim 1 wherein the
permeation enhancer comprises dodecyl-2-(N,N-dimethylamino) propionate
hydrochloride.

6. The antifungal nail coat composition of claim 1 wherein the

permeation enhancer comprises an aromatic alcohol.

7. The antifungal nail coat composition of claim 6 wherein the
permeation enhancer is a mixture of benzyl alcohol and dodecyl-2-(N,N-
dimethylamino) propionate.

8. The antifungal nail coat composition of claim 1 wherein the
hydrophilic polymer is selected from the group consisting of a polymer comprising a
vinylpyrrolidone monomer unit, a gum, and a resin.

9. The antifungal nail coat composition of claim 1 wherein the
hydrophilic polymer comprises a vinylpyrrolidone monomer unit selected from a
homopolymer thereof, a copolymer thereof, and a complex thereof.



terbi nafine hydrochloride is present, on a total conposition weight basis,
in an anount in the range of | to 5 weight percent. 18. The antifungal nail
coat conposition of claim1 wherein, ogn a total conposition weight basis,

t he perneati on enhancer is present i‘ﬁ4§'t otal amount in the range of 0.1 to
25 wei ght percent. 19. The antifungal nail coat conposition of claim1l

wherein, on a total,co Si_t].en i.ght _basis...the rreatl on_enhancer
present i i‘ ﬁﬂ? % to élgbumﬁia%ﬁnlggﬁnra%gﬁ?t O cszﬂtllf)?f’f?%,nﬁlﬁd‘?’}rl%?lﬁ%eam no)

pr opi onat &YAPAPIEREEIMTdS &RAVHIYIRYEONE0NS e ght * per cent benzyl al cohol . 20.
The antifungal nail coat conposition of claiml1 wherein, on a total

conposi tion wei ght Basi s ThepatifparlgpeHicoptcogmoyitien of slagp dsebpreinghean anount in
the rangeawfer ¢.ah alkandl baiigh? tp2carbon atogs, The antifungal nail coat
conposition of claim1l wherein, on a total conposition weight basis, the

hydrophi lic pol ymer 1ps priaeentifungalafilasRiudinpositionef chaafidevidreialiiput 0. 25 to
about 1 wehghtisReksent. 22. The antifungal nail coat conposition of claim1l
including an auxiliary anti-infective. 23. The antifungal nail conposition

of claiml for use i thaianynzdh nofidoo e L URIRIn NAlhe ERTROST Ui on of
claim1l1 for_.use .in el ioratin eV et Im tn Fnfectronof a toenail
or 11 nger ANyl RiSSEHL OOl £ MPRSIEN NERBLRITY: GHILHROMHEE HE. on a
total cofpgiof DdriowdiWHeht PS8t 0.5 to 10 wei ght percent terbinafine
hydrochl oride; 0.1 to 10 wei ght percent dodecyl-2- (N, N-dinethyl am no)

propi onate hydrochlldri ddhe@ntifungal mafl onel qpmpopitiooeficlaire i zyhereindlhol ; 0.1 to
5 wei ght petifuapil agehtyiy pregémyoen otatad @omposit o weighabaslis, foapameuntdn thee

renai nder randl.of Oferodntwdiphgricenni | coat conposition of any one of clains 1-4
wherein the perneation enhancer conprises dodecyl -2- (N, N-di net hyl am no)

propi onat e hydr ochl qsi de. 112 %nifilGaiialii batM poRitioh of QRlm GATRASIhiAON Of any

one of cl %in{ﬂgun%él%gent is terbinafine hydrochloride.

16.  The antifungal nail coat composition of claim 15 wherein the
terbinafine hydrochloride is present, on a total composition weight basis, in an amount
in the range of 0.5 to 10 weight percent.

17.  The antifungal nail coat composition of claim 15 wherein the
terbinafine hydrochloride is present, on a total composition weight basis, in an amount
in the range of 1 to 5 weight percent.

18.  The antifungal nail coat composition of claim 1 wherein, on a
total composition weight basis, the permeation enhancer is present in a total amount in
the range of 0.1 to 25 weight percent.

19.  The antifungal nail coat composition of claim 1 wherein, on a
total composition weight basis, the permeation enhancer present is 0.1 to about weight
percent dodecyl-2-(N,N-dimethylamino) propionate hydrochloride and 0.1 to 10
weight percent benzyl alcohol.

20.  The antifungal nail coat composition of claim 1 wherein, on a
total composition weight basis, the hydrophilic polymer is present in an amount in the
range of 0.1 to 5 weight percent.

21.  The antifungal nail coat composition of claim 1 wherein, on a
total composition weight basis, the hydrophilic polymer is present in an amount in the

range of about 0.25 to about 1 weight percent.

22.  The antifungal nail coat composition of claim 1 including an
auxiliary anti-infective.

23.  The antifungal nail composition of claim 1 for use in therapy.



and 26 wherein the perneati on enhancer conprises an aromatic al cohol. 28.
The antifungal nail coat conposition of claim27 wherein the aromatic

al cohol is benzyl alcohol. 29. The antifungal nail coat conposition of any
one of clains 1-4 and 26-28 wherein fA “hydrophilic polyner is selected
fromthe group consisting of a polynmer conprising a vinylpyrrolidone
nononmer unit, a gum ~and I . i i l..coat conposition
of any one_of..cl im;z%4 %gél ﬁ%’% %\%}%&%Pﬁﬁ{@t Hﬂg%#opﬁérll}sg lrE)lol yner

conpri ses 3m\9‘1?1ﬂz}ﬁrb%/?rr%f“|’%16lﬁg HRRed ?cuoﬂr??? t%eélflgé)f ﬁagﬁfﬁ%ﬁn a honopol yner

t hereof, a copol yner thereof, and a conplex thereof. 31. The antifungal

nai | coat conpositioRoof AmaAngfngaknal erheompositionf@nusisae. ahaterh t he

hydr ophi | i eopposjtisy weightbasist yvi nyl pyrrol i done. 32. The antifungal nail coat
conposition of any one of clains 1-4 and 26-31 wherein the carrier is an

al kanol having 2 to 8.5aarlooteigit@REcenB@rbiddive dpticchipgdk; nai | coat conposition
of any one of clains 1-4 and 26-32 wherein the carrier is ethanol. 34. The
antifungal nail coat | Lk e 1al - 26-33 wherein
e o gt o O CpoSLATP Bl St A EBaE0, L
amount in e range’of 0.1 to 20 wei ght percent. -42- 35. The anti fungal

nail coat conposition of any.one of clains 1-4 and 26-33 wherein the
antifungal agent is ﬁrletgelﬂt‘%fel%lﬁp&mceﬂﬂ?sﬂnle&ﬁ%@#ti on weight basis, in an
amount in the range of 0.5 to 15 weight percent. 36. The antifungal nail
coat conposition of 8rytodrieeight peresinhpolyvinylpgrdlid@e35 wherein the antifungal
agent is terbinafine hydrochloride. 37. The antifungal nail coat conposition
of 36 wherein the tefidéthaidl Rempyisinhgety efialidet.s present, on a total
conposition weight basis, in an anmount in the range of 0.5 to 10 wei ght

percent. 38. The ant hbunoghe BiitungA%hil tOIRBRIbLAGN 8F aft) AlOuildgLLT N t he
erbi naf | ng. gy A8 A KL 460 B Rl 88 RorisBa ek ALATNGRURESh L Ahojer ght basis,
in an anount .1n Tt Sl pogeo 0 3 Weig ercent. 2 Theantifungal nail
coat compoSTiBHIY 5‘?@ H of clains 1-4 and 26-38 wherein, on a total

conposition weight basis, the perneation enhancer is )
27.  The antifungal nail coat composition of any one of claims 1-4

and 26 wherein the permeation enhancer comprises an aromatic alcohol.

28.  The antifungal nail coat composition of claim 27 wherein the
aromatic alcohol is benzyl alcohol.

29.  The antifungal nail coat composition of any one of claims 1-4
and 26-28 wherein the hydrophilic polymer is selected from the group consisting of a
polymer comprising a vinylpyrrolidone monomer unit, a gum, and a resin.

30.  The antifungal nail coat composition of any one of claims 1-4
and 26-29 wherein the hydrophilic polymer comprises a vinylpyrrolidone monomer
unit selected from a homopolymer thereof, a copolymer thereof, and a complex
thereof.

31.  The antifungal nail coat composition of any one of claims 1-4
and 26-30 wherein the hydrophilic polymer is a polyvinylpyrrolidone.

32.  The antifungal nail coat composition of any one of claims 1-4
and 26-31 wherein the carrier is an alkanol having 2 to 5 carbon atoms.

33.  The antifungal nail coat composition of any one of claims 1-4
and 26-32 wherein the carrier is ethanol.

34,  The antifungal nail coat composition of any one of claims 1-4
and 26-33 wherein the antifungal agent is present, on a total composition weight
basis, in an amount in the range of 0.1 to 20 weight percent.



present in a total ampunt in the range of 0.1 to 25 wei ght percent. 40. The
antifungal nail coat conposition of any one of clains 1-4 and 26-39
wherein, on a total conposition weight basis, the perneation enhancer
conprises an anmount in the range of O £2¢0 10 wei ght percent dodecyl-2-(N, N
di met hyl am no) prop| onat e hydrochl or| de and an armunt in the range of 0.1 to

10 weight percent zyl al ¢ The anti nal I nposi tion
of any one of %_]L Tﬁl (%g %n%‘é?aéc%mp%%tl(%{l &%gﬁ %n wei ght
basi s, theafﬁiy?df LR ek daihuneile RreBesr aaWtaéﬁB‘iﬁlﬁPSIPﬂn fange of 0.1
to 5 wei ghbasgecayamouwns In thy gangsiqf 10 (g1 Weight negegnt. conposi tion of any one of
clains 1-4 and 26-41 wherein, on a total conposition weight basis, the
hydr ophilic pol ynmer 36 pThaesmttfulilgal aail eoad aoth pogitidrhef angroge oditlaﬁ)nQ!BAt o |
wei ght per ari6-3AFherthethanhtifudpg akemas tersinafinedgdpasidriden of claim 1
including an auxiliary anti-infective.
37. The antifungal nail coat composition of 36 wherein the
terbinafine hydrochloride is present, on a total composition weight basis, in an amount
in the range of 0.5 to 10 weight percent.

38.  The antifungal nail coat composition of claim 36 wherein the
terbinafine hydrochloride is present, on a total composition weight basis, in an amount
in the range of 1 to 5 weight percent.

39.  The antifungal nail coat composition of any one of claims 1-4
and 26-38 wherein, on a total composition weight basis, the permeation enhancer is
present in a total amount in the range of 0.1 to 25 weight percent.

40.  The antifungal nail coat composition of any one of claims 1-4
and 26-39 wherein, on a total composition weight basis, the permeation enhancer
comprises an amount in the range of 0.1 to 10 weight percent dodecyl-2-(N,N
dimethylamino) propionate hydrochloride and an amount in the range of 0.1 to 10
weight percent benzyl alcohol.

41.  The antifungal nail coat composition of any one of claims 1-4
and 26-40 wherein, on a total composition weight basis, the hydrophilic polymer is
present in an amount in the range of 0.1 to 5 weight percent.

42.  The antifungal nail coat composition of any one of claims 1-4
and 26-41 wherein, on a total composition weight basis, the hydrophilic polymer is
present in an amount in the range of 0.25 to 1 weight percent.

43.  The antifungal nail coat composition of claim 1 including an
auxiliary anti-infective.





