-1- ANTI FUNGAL NAIL COAT AND METHOD OF USE Cross-Reference to Rel ated
Application This application clains the priority of U S. Provisional
application for Patent Serial No. 60/456,684, filed March 21, 2003, which
is incorporated herein by 5 reference. Technical Field of the Invention
This invention relates to topical antifungal conpositions useful for
aneliorating or preventing onychonycoses of the toenails or fingernails, as
wel | as adjacent skin. Mre particularly, the invention relates to a dual
action antifungal nail 10 coat conposition ahd the method for applying the
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15 infection of the nails. The onychomycosis are frequent, involving up to about 15% of

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
fingemnails, in males, and in the elderly. Onychomycosis is most commonly caused by
Trichophyton rubrum (I. rubrum), Trichophyton mentagrophytes (1. mentagrophytes),



Candi da sp. Onychonycosis is predom nantly present in toenails rather than
fingernails, in males, and in the elderly. Onychonmycosis is nost comonly
caused by Trichophyton rubrum (T. rubrum), Ti ichophyton nentagrophytes (T.
ment agr ophytes), -2- and Epi dernzophyton floccusuzn (E. floccusunz).
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One attempt has been made employing the antifungal agent, ciclopirox
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



onto the skin area surrounding the nail, tend to irritate the skin area.
Additionally, such traditional, water-insoluble, fast drying, filmformng
pol ymers produce high 30 viscosity nail |acquer conpositions and thus limt
the nobility and tine for active exchange of the antif ingal agent between
the filmand the nail plate resulting in loss of treatnent efficacy. In
sone instances, the nail |acquers are suitable only for treatnent -3- of
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an N, N-di ( Cl- Ca and onychomycosis in particular, is disclosed. The present composition delivers the

15 active ingredient both through the nail plate as well as through the surrounding skin
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,;3) alkyl (C,-C,g) 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



al kyl am no substituted, (C4-Cl3) al kyl (CzZ-Cl18) carboxylic ester or
pharmaceutically acceptable acid addition salt thereof, a pharmaceutically
accept abl e al cohol, and m xtures thereof; a filmform ng anmount of a
hydrophilic polynmer; 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 distributing the drug, i.e., the
antifungal agent, substantially uniformy_gn contact of the nail coat
conposition with a fungally -4- susceptible or infected nail and oradjacent
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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 d 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 iminimize further
accessibility of fungal spores from the environment to the infected nail.

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



rel eased over an extended tinme period and provides a protective nail barrier
to mai ntain sustained release of antifungal agent fromthe priner coat to
the nail to 25 optimze the topical bioavailability of antifungal agent,
and to minimze further accessibility of fungal spores fromthe environnent
to the infected nail. The antifungal agent is preferably selected fromthe
group consisting of allylam ne and azole antifungals. The allylam ne
antinycotic terbinafine, usually as terbinafine hydrochloride, is
particularly preferred. The azole antifungals include 30 azoles, imdazoles,
as well as triazoles. The hydrophilic polyher may be a flln}fornlng pol ymer
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type by the methods described herein. The methods of this invention are preferably

performed at least once a day for as long 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 tepresentation 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



especially in the treatnent of onychonycoses of the toenails or fingernails.
Beneficially, the dual action antifungal nail coat conposition can shorten
the total therapeutic period, avoid or elimnate adverse system c events
usual Iy associated with oral therapies, and inprove clinical efficacy. 25
Brief Description of the Drawings In the drawings, FIGURE 1 is a graphical
representation of terbinafine uptake by human nail clippings froma

sel ected individual expressed as the concengration of terbinafine remaining
in a terbinafine source solution as a function of time, wherein Solution A
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0.5 weight percent DDAIP<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,



Det ai | ed Description of Preferred Enbodi nents The term "dual action" as
applied to antifungal nail coat conpositions 20 of this invention neans
that the nail coat conposition provides a water-soluble, fungicidal film
coating that contains the antifungal drug on the nail and adjacent skin
tissue, and a substantially non-volatile penetrati on enhancer that pronotes
the penetration of antifungal drug into the nail as well as surrounding
skin tissue. There is no particular Iimtation on the antifungal agents
useful for the 25 dual action antifungal .ail coat conpositions of this
invention, as long as the antifungal agent is effective against fungi known
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This invention as described is artl cularly plicable to terbinafine and

its acid additi®§ d§%llaP§°Wlﬁ8{Sﬁl 13 ﬁpetépmaﬁsﬂsmaetswennbe ot therapautiy t hi s

i nvention usi NGperfd, svdidandaditdigitd ssjsféﬁﬁd ddRErsS EVRR, hIGHRRNeRAnicherkGRy cal
bi oavai | abi I|ty of this antifungal” drug js useful in the treatment of

onychonycosi s obecayss 1tis apptied 40 @Ptqu‘ﬂéﬁ"r?féb? émgqémtm ally, the dual action

antifungals nail coat conpp&bﬁ,hm lgaéglgglb@aggéhgg]]g‘gsot therapeutic period,
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because it is affpréeodEnethd-2-hepteard-siaNurethyld -naphigalens methanamipe and has

the following structural formula:
CH,
CH, H \C/C“s
A =N
c CH
e oH e :

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



15 Terbinafine is designated chemcally as

(E)-N-(6, 6-di net hyl - 2- hept en-4-ynyl ) - N-net hyl - | - napht hal ene nmet hanam ne and
has the followi ng structural fornula: \3 CHs HCHs ~ CHs H2c/NCHz C C 6
The term "terbinafine" as used herein includes the free base formof this
conpound as well as chenot herapeutically acceptable acid addition salts
thereof. 20 Suitable salt forns include hydrochl oride, hydrogen fumarate or
napht hal i ne- 1, 5-di sul phonate. For purposes of the present invention, the
inorganic acid salt, terbinafine hydrochloride, is particularly preferred.
Ter bi nafi ne hydtgQg: | eeq LS [ ' ke allylamne related to
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nail at |east no action antifungal nail coat composition
enbodi ments can be for nul Fhednabastign antifurgshnail qoppeompwsitios icmbodiments san be

"two-coat” type eapRRldldsAPoneldat" type composition or as a "two-coat" type composition. The

term "one-coat type composition," as used herein, means that the antifungal nail coat

15 composition contains a volatile carrier to assist in initially distributing the drug on
contact with the nail and the surrounding skin, and then volatilize relatively quickly,
(i.e., within a period in the range of about 0.5 to about 10 minutes), so that the
hydrophilic polymer and substantially non-volatile permeation enhancer can provide a
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.

Tn 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



term "one-coat type conposition,” as used herein, neans that the antifungal
nail coat 15 conposition contains a volatile carrier to assist ininitially
distributing the drug on contact with the nail and the surroundi ng skin,
and then volatilize relatively quickly, (i.e., within a period in the range
of about 0.5 to about 10 m nutes), so that the hydrophilic polyner and
substantially non-vol atil e perneation enhancer can provide a substantially
uni form fungicidal filmcoat on the nail and adjacent skin tissue as a 20
depot for the drug to provide ongoing aneli%éation or fungicidal prevention

efficacy. The fungicidal filmcoat thus rémains in contact with the nail
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A preferred first antifungal nail coat composition embodiment for a
two-coat type composition is a substantially 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 antifangal 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 pharmaceutically acceptable,



second nail coat conposition relative to that in the first nail coat
conposition is less than about one. Depending on the severity of the

i nfection, the amount of antifungal agent in the first antifungal nail coat
conposition can vary in the range of about 0.1 to about 20 percent by

wei ght of the total conposition, and the anpbunt of antifungal 15 agent in
the second nail coat conposition may be an anpbunt in the range of about 0.1
to about 15 percent by weight of the total genposition. A preferred first
antifungal nail coat conposition enbodiment for a two-coat type conposition
is a substantial{gfatk Bafier 45AeiibES BooVehd'hb AinARRE.2THE Watill SirRbNati BsAt @
concentration in the range of ,about 0.5 to about 20 wei ght percent, 20 nore
preferably aboutand@esasdgampptiensien be His sameer differsntasidatiferle, phar maceuti cal |y
acceptabl e carrier. The vojlyh ﬁm&rpb%epﬁﬁ{,séahw foniRS p Ay HRF QmRieRI 2
to about 5 carbon atons, such as et hanol, propanol, |sopropanol butanol

i sobut anol , and ¥ingpywelidone poReiRen units ngluding @ oBEPYlYMEL(ietr ed. The vol ati | e
carfier cas al 5ot ﬁ{ﬁpﬁo@oﬂ@n@wp@tyﬁ ancCHERANSH therdst, égﬂﬁ’{&&éé&' 8f th¥ like,
preferred first antifuhgal nail coaf. composition conprises abolt 10 percent
terbinafine in eTh?aFﬁ@P "@ﬁomuﬁw?Mhﬂnddaéh%appm@é}am eansiqay polymer

antifungal nail GAHishRTRESE hiomlﬂeﬁhﬁn&ioﬁiwrépeﬁmg%né heid MolR¥ G peniks and
across the nail plate tg reach and i mobilizé fungal rEloresmthe nai |

plate and nai| bommeuly pierisddgpsy tF?°be@¥sé'r"F%P%1§@6ﬁaa% plikprgal nail coat
conposi tion for a two-coatpgmh %ﬁﬂﬁﬁJf&hﬂgﬁm{?&k eaﬂamﬁg%i@ip@wond&ﬂemyses
terbinafine at a concentratlon In the range of about t'd not nore’ than
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carrier as described above as thé renmi nder. The volatile carrier in the

first and s ecorﬁo%?ﬁ?d%%lppﬁﬁvﬂzgrh%@??lﬁ@%ﬁﬁﬁ)o PVEiis sald éli*ﬁef the tipde nareel. The

hydrophi l'ic pol yg®et L issN® €Ly BASF t:egmatﬁgn pﬁlwsmgﬁ@wowﬂoﬁawpg is pre-
vinyl pyrrolidone nononer unit, inhcluding a hoho

|
pol yvi nyl pyr r ol i @) Exegnlasy Simrienmiy BEPR W@%d? waylewohdgnsfuwlaacqt%. n, or
the like. y5The tE&fA} copOPREKEAilabRSn dShibe BEMBIIaBAbIIVE/V ASuaPRARSPYPOI &1 M5

means any poI yner corrprl sing.two_or di f ferent ngnponer repeating units
and i ncl udes pol §PRe lyger E%Wﬁé‘ﬁﬂ?yi[sﬁ é\“‘?g’ﬂ?l%‘% Ax exqrapigry| (Feqmaplex is povidore-

"tetrapol yners" igagle (ivep-Iy ke.
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, rthamson 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.
Robbins Company, Inc., Richmond, VA), is a polyacrylic acid cross-linked with
30 divinyl glycol. The PEMULEN® polymers are copolymers of Cyy to Csq 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



Exemplary filmformng pol ynmers containing vinylpyrrolidone (VP) 10 nononer
units, are polyvinyl pynnlidone (PVP), sold in a range of viscosity grades,
and varying wei ght average nol ecul ar weights in the range of about 8,000 to
about 3,000,000 Daltons (PVP K honopol yner series). PVP is sold under the
trade nane KOLLIDON(r) CL by BASF Corporation. A USP grade of povidone
(PVP) is pre- ferred. Exenplary filmform ng copol yners include

vi nyl pyrrolidone/vinyl aacetate 15 (VA) copolynmers available in a range of
nol e ratios of VPNA such as the PVPNA copol yyrer series sold by ISP, and the
li ke. An exenplary VP conplex is povidone- iodine (PVP- I) The hydrophilic
pol ymer pref er abl | | out 30
(i.e., a weight l%lyero}é‘glcno ecuquw\gl{’%“l&g %@%tgseg né%lt‘&%é‘gﬁﬁ%?ooo -
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Conpany, Inc. cf acr acl F 088" th 30
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of their sinple an aty sSucrose or an
al Iyl et herlQof peoﬁthedr;agmnothelnml'ﬁmweléas &esmdundmgahncbnssmrardahe form(i.e.,

liquid or powdei) of _11 oph F I n nmer, he
amount used as long as the nagég ;grgfe'ref%ﬁ%%{r%o&enggﬁ%ﬁé:e %‘%ﬂnﬁpgmBglePéed to
the nail and for rrglaccﬂ,I dlycerdigatinnd ﬂaurﬁhesoproqasbpalmﬂhxa.l1s<mcdpyd)myasthte;‘Mngedpramal I
coat conposition B0 u I n-
penetration enhanﬁer S, Uéﬁg c?lg%@?de%nbgmrﬁél% Pg/t%rg%& gsgﬁ’gﬁ%a‘%‘x‘%m) ones
agents, antisepti b-dag/éﬂtlel;hy&adayrrhbddueI(HP lah)domhdme&;attdﬁéq»@gfadablﬂpcneiranon
15 enhancers (described in U.S. Patents Nos. 4,980,378 and 5,082,866.to Wong ef al.
such as alkyl-2-(N,N-disubstituted amino) alkanoates (e.g., dodecyl-2-(N,N-
dimethylamino) isopropionate (DDAIP)), N,N-disubstituted amino alkanol

alkanoates) and mixtures 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.),



t wo- coat conposition enbodi nrents, one or nore substantially non-volatile
penetration enhancers can be included in either the first antifungal nai
coat conposition or the second antifungal nail coat composition or in both.
The penetration enhancers in the antifungal nail coat conpositions of this
I nvention preferably enhance the penetration 10 of the drug into the nai

as well as the surrounding skin tissue area. Anong preferred skin
penetration enhancers are ethanol, propylengy_glycol, glycerol, ethyl

|l aurate, isopropyl palnmitate, isopropyl nyristate, laurocapram (AZONE(r)),
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surfactants, tergﬂﬂn anones anic acids and mXtures thereof. See

general | y C_hatta ﬂ%’épkﬁd epgybalcollnet rat i on Enhancer
C assificajg on, pp.5- 20 Imdi@ble%ﬁmnaésImolu&raﬁnéﬁy&ﬂfoﬁaeﬁDMSeﬂs -12-

Per cut aneous Penetrati on Enhancers, CRC Press, Inhc., Boca Raton, FL (1995)
and Buyti kt i nki fiecyhpethylsuligride, andamixgies fersefs of Transdermal Drug Perneation
En- 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 isopropy! 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,



hancenment, in Ghosh, T.K , and Pfister, WR (eds.). Transdernmal and Topi cal
Drug Delivery Systens, InterpharmPress, Inc., Buffalo G ove, IL (1997). 5

Sui tabl e al cohols include, without Iimtation, ethanol, propanol, butanol,
pent anol, hexanol, octanol, nonanol, decanol, 2-butanol, 2-pentanol, benzyl
al cohol , phenoxyet hanol, caprylic al cohol, decyl alcohol, |auryl alcohol,
2-lauryl alcohol, nyristyl alcohol, cetyl alcohol, stearyl alcohol, ol eyl
al cohol, linolyl alcohol, linolenyl alcohol and m xtures thereof. Volatile

al i phatic al cohols having 2 10 to about 5 carbon atoms can provide a dual
function of serving both as volatile <carriér and penetration enhancer. The

aromati ¢ al cohol She g%@xg rb@i‘llohﬂ{))rféofkl:% Cglfh%ﬁl&ggﬁmﬁgﬁ%Ml he |i ke can

provi de a dual func hon-vol ati | e,
per neati on enhanNe:yclahd&y&pyxnolhdmey lﬂmﬂthyl%ﬁﬁﬁhmxyvaboﬁd@-pyfrﬂﬂndenb,al cohol s are

et hanol and benz f oxi des include di methyl sul foxide
(DVBO) , decyhne%lhy’?}étg} ?x(y%gb(?’w&tzran&%@llﬁéﬂs thereof. Suitable fatty acids
i ncl ude valeric,1- twmlednmeﬂxpxypedbanxjeﬁapwrolﬂam N-dimethydpninepropypyrrelidong,r i sti c,

o Aol BB RIS TR By 0P

i sostearic aci dsN-(ﬁMdmxmahglﬁ-thyHOhwne Sl mixtires ﬁlatebf/ Suitallescyckic amides | ude

sobropyl myri stupade. LARBRAB DR PR o RBR O RY NI C a6, et ny

acetate, butyl abetratdazagytiéheptaneinas b;fam@sylayatwelbmpmmz-oneret hyl pr opi onat e,

Sur tabl e pol vl S EER b ZsEeiEtn 2! P07 Al b o EURER 202

gl ycol, dboet hyl b(337,gﬂyumethyloctyl)h§pbmegﬂaydfﬂnﬁ, wgmanyiyiaemﬂolgﬁxym-@-lone,gl ycerol,

i xtures her oof -Sanuf EbiRRR2 ARt Hew BEEI ARG 2ond SRR EMLS - 27

di et hyl t ol uam detheredf.net hyl f or mam de, di met hyl oct am de, di et hyl decam de,

exanet hyl enel aur an de. andoreae S gh e ihaid sindafy, o SuBRA 1i oc

and m xt ures t hexonidnic Sufactabis camphotepicisurfantants] bile saltsiand decithinl UShdtable anionic

1. Tauryl - 4504 boyy By LR 1ige, fishTatty Sulle 84 llplfes oot

Suitable cationic surfactants include cetyltrimethylammonium bromlde,

tetradecyltrimethylammonium bromide, benzalkonium chloride,
octadecyltrimethylammonium chloride, cetylpyridinium chloride,
dodecyltrimethylammonium chloride, hexadecyltrimethylammonium chloride, and

20 mixtures thereof. Suitable nonionic surfactants include
a-hydro-o-hydroxypoly(oxyethylene)-poly(oxypropyl) poly(oxyethylene) block
copolymers, polyoxyethylene ethers, polyoxyethylene sorbitan esters, polyethylene
glycol esters of fatty alcohols, and mixtures thereof. Suitable
oc-hydro-co-h}"droxy-poly(oxyethylene)-poly(oxypropyl) 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 oleyl 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 (MYRJ® 51), the polyoxyethylene (40)
monostearate (MYRI® 52), and mixtures thereof.



-13- 1-hexyl - 4- car boxy-2-pyrrolidone, 1-decylthioethyl-2-pyrrolidone
(HP-101), N-cycl ohexyl pyrrolidone,

1- net hyl - 4- net hoxycar bonyl - 2- pyrrol i done,

1- hexyl - 4- met hoxycar bonyl - 2- pyrrol i done,

1-l auryl - 4- met hoxycar bonyl - 2- pyrrol i done, N di net hyl am nopropyl pyrrolidone,
5 N-cocoyl pyrrolidone, Ntallowlpyrrolidone, fatty acid esters of

N- (2- hydroxynet hyl ) - 2-pyrrolidone, and m xtyses thereof. Suitable cyclic
am des include, 1-dodecyl azacycl oheptan-2-one (| aurocapram AZONE(r)),
1-geranyl azacycl ohept an- - Qe hadpRbRAS ¥l AGK SheHie? Wiliode 1ifffrion thereto,

1- ger anyl ger anyl azacycl ohept an

1- (3, 7- di net hyl dévrmm@gyé bemmiag: eaeamidepropyliptaine, lauryl betaine, cocobetaine,

1- (3,7, 11-tri Wté&hﬁﬂbﬁ%o??ﬁ@&ﬁbﬁ&é&hﬁﬁ& aelimﬁop}ﬁfyl lzllrr%fu%ﬁﬁhézs%ﬁﬂﬁd ohexan- 2- one,

1- geranyl azacycl opent an- one, 1-farn azacycl opent'an- 2- one, and
m xtures ther ecﬁocomlioaﬁﬁt%tes@ﬂﬂ&b?ﬂ%@ﬂ%ﬁé@ed‘é‘?ﬂ“ﬁﬁ|1%1f@4§nﬂt&’€taaﬁﬂt§’

cationic surfactffidum cHApRbHacetttd, %Scilﬁﬂtc‘écoa?dmbﬁbﬁfoh&e sgisddshant s, bile
salts and lecithin. Suitablé anionic 15 surfactants include sodi um | aurate,

sodi um | auryl sdﬂﬁfmph%ﬁfoﬁi%tﬁf@@dﬂ%F@@ﬂﬂp@ﬂlﬂfﬁb‘%ﬂ@aﬁoﬂb‘m c surfactants
i nclude cetyl trig&tRioalyns uhlee faisemuﬁ@eocoérﬁﬁhbe%@ysﬂlu{eiﬁ | um FOpY Bhifate,

brom de, benzal koni um chi ori de, octadecyltrinmet hI ori de,’
cetyl pyridi ni umaaditee like,  dodecyl tri nmet hyl anmoni um chl ori de,

hexadecyl t ri met hyl anmoni U@&tﬁbl@'bﬂé’@alts%ﬁ&ud%%&ﬁﬁﬁéhb&%e s ORLRQhals stiabdPhdlic,

noni oni ¢ surfactants include a-h

o- hydr oxy g8l y( o@%la@ﬁéfs%mlsﬁlléﬁ?ﬂﬁéwW@@Fﬂe&@fet hyl ene) bl ock
copol yners, pol yoxyet hyl erﬁlﬁﬁlteeér?enepﬁicuﬁéb“-hﬂauﬁéiee n@%m (REnERL 7' S,

pol yet hyl ene gl ycol esters of | cohol s, xtur'es t her eof .

Suitabl e a- hydréstespinegldtespigemipl (CBWthHSYPE‘hé’}ﬂeﬁBMf PieyifAng pipeythone,

pol y(oxyet hyl eneﬁle:hhac Eeraﬁop QPélbh{éiGﬁésoﬂxw m&eﬂ@&&a&awﬁe&%delgfclop%%éne and
m xtures thereof. Suit yoxyet ?/(aene ethers i nclude PEG 4 l aury

ether (BRI J(r) 3Jgjde, ﬂz&aclze%exlm@tlm&m pisg 9il ghenepodiupeil, leypcylyRips O’é»t“ﬁ’ér
(BRIJ(r) 98)., Phfxafefiheitor.cbilitible(fkindhds)indise N-ABstandINChstiRS N-h&Ha86

Sui t abl e pol yoxyet hyl ene sorbitan esters _incl ude the nonol aurate (TV\EEN(r)

20) the nonopal Miwdseane Nvmdsgans, Neipdecaps NrigiflssaneaNaieadeqaneeNcheyadrgsne, aud t he
monool eat e ( TWEEMykrefibreofN Suitiible! ot ffic iy ifllide Stictal, Sudaliv adilyda8aaica! ycol

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,g) carboxylic
ester or pharmaceutically acceptable acid addition salt thereof. As used herein, the
term "(C,-C,) alkyl (C,-C,5) carboxylic ester” means an ester of a (C,-C;s) alcohol
and a (C,-C,g) carboxylic acid. The term "N,N-di(C,-Cs) alkylamino substituted," in

25 reference to a (C,-C,) 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;-Cy) 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-propy]
dodecanoate (DAIPD); 1-(N,N-dimethylamino)-2-propyl myristate (DAIPM);
1-(N,N-dimethylamino)-2-propy] oleate (DAIPO); and pharmaceutically acceptable
acid addition salts thereof.



esters of fatty acids include pol yoxyethylene (8) nonostearate (MYRJ(r) 45),
pol yoxyet hyl ene (30) nonostearate (MYRIJ(r) 51), the pol yoxyet hyl ene (40)
nonostearate (MYRI(r) 52), and m xtures thereof. -14- Suitable anphoteric
surfactants include, without limtation thereto, |auram dopropyl betaine,
cocam dopropyl betaine, lauryl betaine, cocobetaine,

cocam dopr opyl hydroxysul t ai ne, am nopropyl |aurylglutam de, sodium
cocoanphoacet at e, sodi um | aur oanphoacet at e, di sodi um | aur oanphodi acetate, 5
di sodi um cooanphodi acet at e, sodi um cocoanph@apr opi onate, di sodi um

| aur oanphodi pr opi onat e, di sodi um cocoanphodi propi onate, sodi um

| aur i m nodi pr opi onate, di | y te,
and the |1ke. Suitable bi reoulPlERraRRpasah somsaRbE Ktk JNPIPY IS o

| aurochol i c, 1Cnghmbimation with aneuxiliary peinicatier entencean PIMRCHCE $s avadablof .

Sui tabl e terpeneg,l, %férbﬁ‘&?, ! gdﬂ?&gpmgawp@ . abBratdtes Qﬁs%athﬁPJr&rt,pN& ol
terpi nen-4-ol, carvol, carvone, p@Gl'egone, prperitone, inenthone, nt hol ,
gerani ol , cycl ohRaxtioudartyxprdferred iintha dydrochloritls, of DRATLMD AIRCHIE]) . cThd proparaene
oxi de, 1, 8%cine , {s | 5@, Qi ' [ | ypt us
o1+ and 18 m xriof BPRE Kidiglihe ol fiflicd das BLRBPRAEMG A v Sl

N-oct ane, N-nonaNe,6,1M8,0RQwrRiyikimkidce¢f ahe whichds insorporated\herein by cefargnce.

N-t et radecane, ' € : ' I . aci ds
include citric %&g@g@%ﬁﬁrc% ﬂ&@ﬁéﬁ’cﬁlggbgglg,%ﬁ%@ﬁ%as? ﬁetg |e§1cl udi ng
the methyl, et hyfrommeadily @pailablgl opmpbundeas desctibadsin U.8aPataNpc4,98@,3@8 teand

m xtures thereof r I 1.3l | : | ation
enhancer com pris an N, (G - al'’kyl'am no substituted, -Cl18) al kyl
Woég da szch(i} I{J%corﬁg?r%& fxﬁ%xh%%r&eﬁ%lﬁ%%@énﬁtb&?%&

(C2-C18) dAr boxyih¢ansistent kerewith.phar maceut i cal |y acceptable acid addition salt
t hereof. As used herein, al & (C. " ly (€2 haxylic
ester” neans an ester of ?ﬁ?&[&]c@'mg%&lgﬁé%t %ggég}f'%l&%é@sca;tr@%lgéyri c acid.
The term "N, N- di ZnGhacB8ial,antiscpticyion thedilebyshat cart agmient the eficacyfafitlendial action (4
Clg) alkyl (C2- %ﬁhng%rﬁ%%x&ti c%mﬁééif%n. rﬁ%ﬁ?ﬁ% 4 factElid] Qgésnté i Gag&gﬂostat&p;;i on

or the carboxylic ac portion Trom whic ester prepare ears
am no subst i t uerpressiRaRyes, sich aebenzibaleohol, pienoxystienclhphendbplaicdbels jodommorydl - C8)

al kyl 15 butyl carbamate, paraben, and the like. Benzyl alcohol is particularly preferred, and

when present can serve a dual purpose as penetration enhancer and anti-infective.

Suitable antiseptic agents include alcohol (i.e., ethanol, isopropanol),
halogen containing compounds, (i.e., povidone-l, triclosan, and the like); quaternary
ammonium compounds (i.e., benzethonium chloride, cetylpyridimum chloride, and the

20 like).

Those skilled in the art will 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,-C,) alkylamino
substituted, (C,-C,;) alkyl (C,-C,3) 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.



group. Preferably Rx and Ry are both nethyl groups. Preferred are

dodecyl - 2- (N, N- di net hyl am no) propionate (DDAIP); 30

dodecyl - 2- (N, N-di et hyl am no) - acetate (DDAA); 1-(N, N-di met hyl am no) - 2- pr opy!l
dodecanoate (DAIPD); 1-(N, N-di nethylam no)-2-propyl nyristate (DA PM;

1- (N, N-di net hyl am no) - 2- propyl ol eate (DAl PO ; and pharmaceutically
acceptable acid addition salts thereof. -15- A particularly preferred skin
perneati on enhancer is DDAIP, alone or in c_ol;g)_i nation with an auxiliary

per neati on enhancer. DDAIPHClI is avail able rom Steroids, Ltd. (Chicago,

IL) and Pisgah Laboratorieg t dis
the hydrochl oride of DDAl P (;([SDA PHCIJ)E%FOE’ °n8r|\&9ta a @%4%A%PkWaFH%F
crystal line aci d cagdompesitioneqmpnsisehett igtal p@nmﬁ,@numhtbaslu S. Pat. No.
6,118,020 to Btlyfktinkin, s@tfusdal ag %m%mmt%mmgﬁgggfoq'ﬂawutzo

reference. Long chain simlar amno substituted IC esters
can be synt hesi z &ight pereentamenepyelerahly in e sangs aHehonte. 5&@3@%&5 iwmshtmncagt,

Pat. No. 4,980, 3{sbst prefeyMin tRé rad eoféﬁbﬁtqno'aﬁodtﬂcv@éi aicest: herein by
reference to the extent that it |§ not mconsw?ﬁ het ewi t h. The term

"anti-infective agent" as E§'§?§taﬁﬁﬁlbﬂ?9nr‘ﬁwllﬁi§§mﬁatt°ﬂﬁﬂhﬁlcer in atotalamonnt i |
antiseptic, or theg dahffor dbbatlo. P@&b@ﬁt@'ﬁfﬁ H f tion
antifungal nail coat %ESO al03| tion., Suitab Egnfﬁge{%@gw ff)ljablkg/em?ttthgllliﬁ4 glﬂﬁde
bacteriostatic PPBYdrioa ?Wégwe@éher'é@“abenzyl al cohol , phenoxyet hanol ,
phenet hyl al cohol , i odopropy %rdr&ﬁhlf?é’ﬁ)fﬁ-fcﬁﬁf ulPQﬂ %H&Eht iPfRd ¢ géoté%ﬁt

Benzyl alcohol Is particular, preferred, d” when present can Serve a

pur pose as Penet roaltti‘)@ho'éﬁash‘&ﬁﬁlgrpe’&ﬁﬁ: @ﬁﬁpﬁfmb]dtmﬂ@ran&?;mfﬂbﬂﬂté 241t akowpl i c
agents incl ude a'v&i&lﬂbe&bnteand et hanol, isopropanol), halogen containing
compounds, (i.e., povidone-I, triclosan, and the like); quaternary anmmoni um
conpounds (i.e., benzet honﬂ?ﬁ?‘&ﬁp‘éﬁrlcﬂ@?nwaﬂl}ﬁ?ﬂﬁPWGﬁq%@Eé’O gilfd the 20

like). Those ski lokgid darridde Adréferéd tolﬁtﬂ&&gﬁh@ Sarki&3k at?ﬁ'l?plﬂﬁc Qi%tﬁ)l efegﬂg)lrj al

foregoing ingredients can serye nore than one function. prefe

action, one-coat PrSpe @R AmORTY & the znge ebaboutchip 9Bputiofrd W@&lﬁ@at%nmore
conpri ses: 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-



25 an effective fungicidal anmount of an antifungal agent; a perneation
enhanci ng anount of a substantially non-volatile, perne- ation enhancer
selected fromthe group consisting of an N, Ndi (Cl-C3) al kyl am no
substituted, (C4-Cl18) al kyl (C2-Cl18) carboxylic ester or pharmaceutically
acceptable acid addition salt thereof, a pharmaceutically acceptable

al cohol, and m xtures thereof; 30 a filmform ng anount of a hydrophilic
pol ymer; and a pharnaceutically acceptable vol atile organic carrier.
Preferably, the one-coat antifungal nail conposrtron I s a substan-
tially clear formulation. -16- A preferred al action, one-coat type
enbodi nent of ank¥fun coa

al .n s..on atot
conposition weig db“ﬁgl?aé .theglﬂxplqp% B?S‘tgg%? 'eﬁnagﬁl %ﬂﬁ‘ﬁl‘ﬁ“ﬁ rqq{%re'sgﬁﬁgoof
about 0.1 to aborttadﬁfbmomli\gﬁtwatenhanmgpnmbeﬁlprcthdapbhﬁedrdntbdamls ange of about
0.5 to about 15 wei ght perge r.ef era n the r bout 1
to about 5 weight percent; arglﬁ'f}?:?%]?ﬁﬁfegfe& el e gﬁéit“fﬂl aétlﬁ’é?ﬂggﬁagﬁmg ncer
in a total amountorhpositioh@omprisgs, intheafivetior pﬂm&r dntifiaigal viail 2o at/edingpobitip ronant |
nore prefer ny n.the r e of | .10 about 1 I ght ce
hydr ophi 116 Fi 1 o 6PRpes ‘%o“(i}%rbaﬁl?r aﬁ%‘é&rﬁ’ﬁﬁ%‘ﬂ"i“ﬁﬁwﬁ Bt o 4
tg about 5 meLghmepedmé aht;fungmﬂ ﬁalpﬂmf ecmimlsmoil prefegbly ﬁastgﬁoxefthaatubuit ﬂvaﬁ?tlt 0
about 1 weight perc nd t,he re ariaceutical |y
accept abl e vol at B‘F"&e %geflﬁﬁ% rﬁegﬁﬂprﬂ feéggg %&aﬁ“flﬁ@ Blrrﬁg carrier
i; arr ggi {)hat Lc ad,rg%denionppmpl?sealabwt zopase:ytweig;nt pnlymmylpgfrohqlbﬁe{rzﬁ)onemgmsoff
abou o abou . B Wei 0 Nt 4~ MO .Qr.efer y in the range o
about 85 to abouE’ yﬁlggtolg?le "e%§5§§%“31478‘2§f?§’8&?ﬁ58&\%‘ﬁght basis. A
particul arly preferred sulBdsehén alﬂztyotehtesald;esdmnghmmmilclq:rpmgsoawa&m
antifungal nail CORpoSI ses on.a total MpOS| itio
basis: terbinaf ﬁﬁgt Wﬁg pﬁlﬁﬁ& g@&&‘m‘m} e H’ﬁ“%!ﬁ&%ﬂ‘fﬁ*ﬁﬁ TRE ar’%i‘ﬂd‘eenbf about
0.5 20 to about Bfnswidghi a peeiod efibhoutroechopr, edrereadhl a/conteritiation abvye tiefmiabout 1
to about 5 weigh fundt %fug%on ‘concentration (MIC) for fingi.

Fungal infection of a toenail or fingernail may 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.

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



DDAl PHCI present in an anount in the range of about 0.1 to about 25 weight
percent, nore preferably in the range of about 0.1 to about 10 wei ght
percent; benzyl alcohol present in an anount in the range of about 0.1 to
about 25 10 wei ght percent, nore preferably in the range of about 0.5 to
about 1.5 weight percent; polyvinylpyrrolidone present in an anmount in the
range of about 0.1 to about 5 weight percent, nore preferably in the range
of about 0.25 to about 1 weight percent; ang 30 the remai nder being
ethanol. In a two-coat type embodi nent utiliZzing first and second anti fungal

i t t t
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ot ne secodiolEplifingd Bt boat Booshitln, BEGA book S GtTRS ubBF 011
about 5 wei ght patmncommsblpnam bﬁaapphecbrbwexfomynpseaﬁmtmbsiepse(d;)cmd (a)ratdepot

ol yvi nypyr ol | e gwic BERASerk AR QRIS 16 RuflRP burell BRI RLHIRVEE
parts by weight emtifangallageno Based on in vitro test studies using human nai l
ot honol Joan dif7use_aor ose R mefidd P8l iR ahefleBing didtoafally LAt |
hour, can leach nait gnowéinis visitily freaofofungal indeatiion - num | nh| biti on concentration
(MC for fungi. Fungal '%%foﬁiﬂdﬂfatﬁw%&?ﬂ@é% &&%&tﬁ@déftﬁ@?n@ﬁ?%n

aneliorated or 15 prevente Wo- coa
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onychomycosis within a relatively short period of about four weeks was achieved.
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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



20 be renoved subsequently by rinsing with water. In a multiple-coat nethod,
the conposition can be re-applied at |east twice with or without an
intervening water rinse. The nail coat conposition is preferably applied in
a daily reginen for a period sufficient to achieve fungicidal efficacy. A
two-coat type dual action antifungal nail coat conposition of this 25

i nvention can be applied by the followng nmultiple-coat nmethod. (1) A first
antifungal nail coat conposition containing an effective fungicidal anount
of antifungal agent is applied at |east oncgot.o an infected fingernail or
toenail, and surrounding skin area, to provide an active fungicidal prinmer

coat; (2) The ac bhyiBgraphid sifdedl ahowiés), maéoscmtnsl snddhd %‘Elé&roﬁiébﬁéd%bl&hés&hlldr y
for 30 about 10'm nut s or until the f ung i ¢l da pri mer-coat ed nai l

substanti al |y dr yorms of glecironic,d3ia stgrge media, s—“iliaas: L‘?})m’ﬁ‘ Huited fos @’é}‘ﬁtﬁeﬁlmtﬁmﬁﬁ“jﬁ

fungi cidal prinecRened ifdhdtiveD PO edheiikl a sufficient fungicidal amunt
of a second antifungal nail_ coat composition.to provide a frrl:ngﬂm dal film

coat thereon for further r@h%f%l@wg‘rgeéﬁPPLPﬁﬁﬁéﬂte‘é’ﬁ@FﬂluPﬁmﬁ‘héu imity the; e
initial per§od ofpredeftym@nfibflal regimen with a two-coat type dual 5 action
antifungal nail coat conposition, nultiple applications of the first
antifungal nail Exgmple b nposition can be applied, by perform ng sequenti al

steps (1) and (2) at IeaSThéWeﬁﬁdagféfﬁsacpaﬁdst eﬂte&ﬁ@aqmé%}dfoém&ﬁ&etlﬁar
optim ze the bioavailability ant’i f ungal en The nethods of this

i nvention are pr éwewcamtsppe&ualc%cp%dna%msa} nalheq corangsitn apd method 9fitss i s
visibly free of fixpgaRbn whs SeditdRith bitleﬁﬁ%am%%n&hﬁ{d/&r}ﬁg&hﬁfﬁh%ﬁ iRfectfon,

two-coat method of this invention i nafi ne extended the residence
time of tha0terbilhapriitatspaticipaed ingm apse labely single hospital pilghelinieal ptudpaver a

conposi tion, thatetibifofthde adtdsi ¢ pol yner filmcoat of the second
anti f ungal nall oat conposition pronoted the formation of an_internal and

external 15 barrier menbr Hado 2Qpetieptsyrergselcted assessed azhaving mildio ssverei ng or

preventing onyc h‘bﬂy&féﬁiy%oéi! wmeasardaeﬂyaltsingalsyal§mﬁfecﬁkﬁﬁ b&dd 6h n@iPPlfe s
weeks was achi eved. T na| coat corrpQS|t| ns_of the_present 1nven on can

be applied to ﬁ’é‘n#&ﬂ 1hped, Byersrates, apddipeolpratione rihg &x%9t ofr ushi ng or
spraying. Ipsefer %}ﬂ&éhohﬁ@osm, hyperkeratosis, and discoloration were assessed using the following

scale ratings:
Onychomycosis
0 = absence of separation of nail plate from nail bed.
= <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 <50% 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 <50% of the nail plate.
2 = discoloration extending to >50% but <75% of the nail plate.
3 = discoloration extending to >75% of the nail plate.



applied conposition is substantially dry to the touch within a period in the
range of 20 about 0.5 to about 10 mnutes, nore preferably within a period
in the range of about one to about five mnutes, dependi ng upon the anount
of volatile organic carrier present. The fungicidal nail coat conpositions
may be provided in kit formwth instructional indicia included therein for
use. The first and second antifungal coat 25 conpositions of a two-coat dual
action, antifungal nail coat conposition mayghe individually packaged in
simlar or dissimlar shaped packages or are col or coded to visibl y

di stinguish the first and (cXeliTe} F’[ﬁ%lg} e t he
user in follow ng the thelftgpelﬂt fdélg or dryom? °Q{S§ fé o@lﬂgﬂﬁs%srs%cﬁ%%%al

i ndi ci a i ncl udesbetweerhibeagasiodil 840 vears, haying e aail rmlvame@twrfat leag@5%wdithe  vi sual
aids, electronic Qlirfae nstruct

t he user. Print egﬁgrrlggllag I ncl g%ggllcmgﬁc%%}s&ﬁﬁﬁeﬁﬁnﬂﬁgﬁglpgﬁgfmb%%wl téarrphl ets,
books, flyers anHnyshemyrqsis ofAhe Bpgera] or tpenailives sonfismed psfolows by QR t o,

t ape record ngs, staif |1@1cfog£%q>@éxaﬁlﬁn%h§n akPRfgdSulnald the like. Visual aids

i nclude, but are not lTimte - _phot ogr aphs, slides, novies, videos,
DVDs, and the |ike. Elect riwinal PlstR 20di0E] drhels waa softensd by Ieavingthe F4aseanes, dai a
storage nedi a, Sghy ¥fth séVéI‘al afbrps bfﬁatzsgqn;mc%&@s%qmn w&lemgfyb%/fﬁxg) (s ROVE

interactive DVDs, and the lik | oW ng exanpl es are in

i1lustrate, but WeiehElas qove@ﬁévlth@ qstré@élhfor 2hhewe: bight Eicapsopps s uppbor the
prelimnary effiggagey e%ﬁlﬂlnﬁﬁélﬁt%e%fnail?zragin%g bP&alaWftro g]géeﬁro‘nqengjl'cfb Sopelsiis coat
type dual action, antifungal nall coat “conposition a T i s

i nvention Mas st & ake versip Wasenplisd sThe-rpragetion avas studied carefully |ahlgymwer f ungal
infection. 10 Theemghs méamafas%aah&%branaﬁhgomhhﬁéaefhmnéd@aémaaﬁp' tal

pilot clinical study ovéer a period of three months, to Zolfpétlents wer e

sel ect ed assesseWidily H&mmasemqqfhwaéwan@meﬂm@w@agwnhg@ 2bigctve, by

using a scale ofmb@sg&gﬁlpﬁju@egggjpdgﬁw@all pl ate separa- tion fromthe nail
bed, hyperkeratosis, and di scol oration. The extent of 15 oné‘phorryco& S,

hyperkeratosis, and di scolksmgelicsiuraascagedeut aging dherstandard cpiure gieivgn
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 over 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.



scal e ratings: Onychonycosis 0 = absence of separation of nail plate from
nail bed. 1= s50% separation of nail plate. 20 2 = >50% but s75% separati on
of nail plate. 3 = >75% separation of nail plate. Hyoerkeratosis 0 =
absence of subungual debris. 2 = thickening of s50% of the subungual region.
25 2 = >505 but s75%t hi ckening of the subungual region. 3 = >75%

t hi ckeni ng of the subungual region. D scoloration O = absence of any
unusual coloration (white, yellow, etc.) of the nail pI ate. 30 1 =

di scol oration extending to s50% of the nail ql ate 2 di scol oration
extending to >50% but s75% of the nail pI at@ = di scol oration extending

to >75% of th il plat 20-. For th h t
V\gre: onSchonSC(r;g: s Ba?i :nt@egme I?ar%glés §w8’f% Iﬁ%’%ﬁ?ggqrghasgg%hﬁél ﬁal I

i nvol venent of ating sﬂéghti%ﬂmstmﬁﬁg n‘lMi‘OépolﬁademﬁMfcfnamé atnBgdtive fislgdleattureny
destroyed or m ssing part cosl s, of the f'{iﬁer

G
nail or toenail was confi r%?’i eggn teRH!Fé ¢ BSIRgS ﬁaﬁeﬁ???Bb?
exami nation and frytgRigicalidure sl clifiival dsfﬁd:dcy pCHmealafﬁizabﬁé\dhﬂﬁbni was ssessedsaf t ened

by Leaving e {1afiericdl o0 AT Sevecal haps oL pegiglum P on de
24 hours. Light m'gcgﬁlememﬁbr ﬁmtheuhaﬂpy)p‘m/{irh&lly Imptgﬁd" € minind] anil inkblvemsit! |
2ppl | od. The pr oJaHERFOACHHE v ERPLHRE AT B e TS 230 "o D S PR R  oc
appear as transl ytendlight tomddersts redmtion gyt éfﬂaﬂriﬁvdl&nmfnt and Sigisof myokid). | f
(Do Prepence of Myphat | oalbe e DU AR, B2 kil A5 AetBbSEH Vo
10 administration were analyzed by investigators based on adverse events, KOH staining
microscopic examination, fungal culture, clinical efficacy assessment (i.e., planimetric
measurement of the involved area, photographic comparison of new nail growth, and
reduction in extent of nail involvement) and the physician’s global evaluation.
The primary safety parameters included adverse events, vital signs,
15 clinical laboratory tests, physical examinations, and electrocardiograms (ECG).
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



Fungal culture was carried out using the standard culture nmedium 15
Sabouraud's agar, (agar 18g, peptone I Og, glucose 40g, distilled water 1000
m). Mdst nedically inportant fungi are grown aerobically on this culture
medi um over an incubation period of about 24 hours to about 48 hours at a
tenperature of about 28 C. The criteria for exclusion fromthe study were:
onychonycosi s caused 20 by nolds (Candida sp.); hypersensitivity to

terbi nafine; abnormal liver function (tw ce22the upper limt value); receipt
of topical treatment within 2 weeks or oral treatment wthin two nonths;
concurrent treat mthe whtifingd! hlibedaesdmpoaitionoh d daily bamEpéspeciRiheie BRMRénth,
phenyt oi n, carbanazepi ne, terfenadi ne (e.g. SELDANETM or digoxin; use of
any investigational drugs with one nonth; psoriasis or history of 25

psoriasis; serious concur rEwteffitsseAmueed dnjrinirg bifichdyf (nyeblgichiird)! diidlcal and
pregnant wonmen Q nu;fi n rmtt}?ﬁs. Twegtygg)ati entoz, six remal es, 14 nal es)
bet ween the ages “dfFact e pidne new patl, disappeacance of signg pnd,gymptoms), andgetal he
i ncl usi on dAi te[1 efficadyf (i.t.haste hn%obgﬂ@hl@hlﬁationhﬁd@ﬁﬁﬁ#l%gﬁdaﬁo% dﬁ@ﬁﬁen@sj at the
treatnent. At the start.of the,st o L extent. of 3Q.onychonycps was
assessed as ni | der(qs‘?tg{’? ﬁ?Lﬁ%@ﬂ?’é@?’éﬂWﬂﬁ?‘)ﬁ‘ﬁm‘!‘?’%mgﬁ%s‘%?@%‘glﬂéh%h Le.,
>40% i nfected nail) for the remaining 85%Tdhldhe 20 patients. O the 20
patients, 45%of the patients had separation of nail plate; 45% had

hyper keratosis; and 10% had di scdfextlali on. - 2Mfonfhi®e pri marMosthfli cacy

criteria were mycol ogical cure based on achiev ing a negative KOH staining
ni croscopi ¢ exam nation and a néddnty e %ungaPatienst ube. WMesertsconYary

efficacy cfjteria he physi ci;ans’ ssesspent t he colo al cure
and clini glergl effi ?gg{‘/ﬁt% i ni cal eflgi cailf/)aeval ugftai on?é\%s assZZsed 2%005

foll ows: "C ear ed'Primarg Effi¢kéy Si gns7 of rgg@osi s, gwi t hgamy resi dual ngad
deformty, no requirenent for further therapy); "Mrkedly |Inproved" (i.e.,
mni mal nail i nvoﬂlb@tﬁ@hﬁfﬁcﬂﬁ}‘t h sidghifidddtly dktread®8 signdbof ndbbsis; and
"Slightly to Moder Loproved” - (i.€g, SITQRt to derate, redugijion in
extent of nail in\}gia\?gx%cﬁ&)and Si g7ns o?gl?ycosi 2)_ A??gr theegcorrpl ‘Ton of
the study, the clinical safety and efficacy of 10 adm nistration were

anal yzed bty i nvestigators based gn_adverse events, KOH staihing,
5 As shown 1n Table 1, based on the assessed change in nail involvement,

change in signs of fungal infection, and new nail growth, the clinical efficacy (includ-
ing patients rated as "slightly to moderately improved," "markedly improved," and
"cleared") 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.

Table 2

25 Month 0 Month 1 Month 2 Month 3

Onychomycosi  Patients % Patients % Patients % Patients %_

Evaluated 20 100 18 100 17 100 17 100
Mild (s40%) 3 15 4 222 4 23.5 6 353
30 Severe (240%) 17 85 14 77.8 13 76.5 11 64.7



m croscopi ¢ exam nation, fungal culture, clinical efficacy assessnment (i.e.,
pl ani metric neasurenent of the involved area, photographic conparison of
new nail growh, and reduction in extent of nail involvenent) and the

physi ci an's gl obal evaluation. The prinmary safety paraneters included
adverse events, vital signs, 15 clinical |aboratory tests, physical

exam nations, and el ectrocardiograns (ECG. The patients assigned to the
study were each provided with two bottles having brush applicators, each
bottl e containing nail coat conposition (a? ut 20 grans in each bottle),
and identified as "A" and "B". Bottle "A" “¢dntai ned terbinafine

hydrochl oride 10% (wei ght/weight). in ethapol. Bottle "B" contained 20 parts
by 20 weight pol yvi nyl pyr 98¢ PHEREMRVBgpmMIlgPRyCchRRycosis 85d onepalight hayile, g e

nmol ecul ar  wei ghgevera" b héﬁFaﬁisaﬁer@}ﬁﬂged ABhéMaAg sigﬁi@nﬂﬁ@xﬁtﬁ%krflﬁaﬁhlt thd _Iqi?!]@f ts by
y wei ght et hanol . e

wei ght terbi nafig&e hydrochl ori de, and 47 parts

patients were i R6MedRFENORY. | canse their feet or hands by using warm
water, and cut or clean iDhgsg e sidy periodsthepatentsalddafisihiained a @ity il to file
the 25 nails. Th%icgﬁhi ents were, al sofi nst‘i ucted to agg&y t he_antifungal nail
coat conpositi oW & PRYERYY SERFRAICH AL AMYIGVETSE PYPIEYES trspyded, padverse
substantial ly i mo&fd weerepoted By anyesthihd \htienth @uringl tB@étudyTpeiogat i ents were
instructed to first apply, Solution A with the brush, |et ol ytion A dry,

S

and then apply Sol ution Bt ferPanized Hiatagy nailgrowth tajess timeq The ngil peporedlyher o
were n? lim L atif cfcoﬁtiﬁibﬂh@ amlb&at@ef?ﬁm&mm}em(@)eamhgqg.aﬂﬁso.mafﬂmg ;Nas
eas o wash o efore re- in e dual action anti al .nail coa
com%osition. Thé 92§ 9 mesfé\'gre'go#}ﬁsa?‘?‘iﬁﬂ L%?moppéqtfgqnewsog%agf tihe
coating, tfhe pataiseRécopmizétPBhiithé §pRed iail igksveth difford betWEAlindiGIIRAIS hé Wellag | ght
away. The doctors encouyaged the patients to -22- use_the antifupgal nail
coat corrpositioﬁg%ﬁ'oapﬁ)é?l??%’él%b 1g Wersdanid i the yoyng).iaed that eqrt 1 The

efficacy, based jpgrdefd 448 medfhfibrizaay ufseMaO B0 fGRbwihU Ths nglcbm'ch ] evaRbf | cacy
(appearance of the new najl,_ disappearance, of signs and ns

d n synpto , and total
5 ef ficacy (i.elonpBasHdgses %meauﬂwaau%’vsamaﬁa edfigagy E%ﬁ%némeaéﬂrpﬁﬁ
assessnents) at ghipfin@ddlittalleffivady. rEie. efffa6PoThewb-ddat fyPe BRN 2B antifiggalt udy

period is ISS 8 rTmElrnlaﬁ ggmli)onsit;[)%bl ﬁ'l.llll the sl;rcgrlt:z{egn %tu%) gérpodlas %bc{éggl sa%e a'\élb(P éfPecgve 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.



Patients % Patients % Patients % 10 Evaluated 18 100 17 100 17 100 Primary
Efficacy 7 38.9 8 47.1 9 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 change in nail involvenent, change in signs of fungal infection,
and new nail growth, the clinical efficacy (includ- ing patients rated as
"slightly to noderately inproved,” "markedly inproved,” and "cleared") at

the end of the first, second, and third rmn%: of treatnment, was 33. 3%
58. 8% and 94. 1% respectively. 20 As shown™fnh” Tabl e 2, the nunber of

patients initially assess as Lng. .severe, onycho 0sj s .decreased at the
end of the first, second, %‘%H'ﬁmf'ﬁ??\r{h “%{ﬁ#nergqnt {%@aﬁfﬁgf%@f’ﬂgﬂenda}nwght
concurrently, thsrcentDBDAIPHCIAL ithydouashesai€shoRs having mild onychonycosis
i ncreased. Table 2 25 Mon 0 nth 1 Month 2 Month 3., ch COSI
Patients % Patients % Pat H]élﬁpgﬁ/tgja\qpéqgsm%sep/gratg Wﬁﬁ%ﬁ‘f‘éﬂ%@m 3%“%6f 17
100 17 100 M | dsofwif%4), B3 C] andiD 2dlid:1duidIatio 6f abbutdl: 1B andakeiptalleat0% 17 85 14
77.8 13 7645 11 B4.7 o 23 %ﬁ“‘ atdibentehavi "m | qgonﬁg&ﬁ% si.s.and one
patient having "'SEUafine wgs, (fgﬁﬂ'fcoé'irgw % eRpisEpieLon %Fb’hﬁhﬁ cant
i mprovenment at tsodutiends a Ginctibreofitime dvera perdind starting fom enetsish/topbsitad, t he
oy adver e evertbrdgspRueptii madd e s Fer o Tigfa Cpplidictensy oy or
the patients dur@PiQ)hehaiuehysimgs Watkrs Alliance HEOC.gfWated Syhmtetrye®l 8n35hmgr owt h
M ineters ( mmy iR HERopS caBpeais t s X o uf frtrfestion H s
are requiréd forrae IcSmpeh.cinfeetien'20 plOf Thh bufferiwas cbtpéstd of two parts

triethylamine and 1000 parts of deionized water and the pH was adjusted to pH 7

with phosphoric acid. The mobile phase composition was 25 parts of buffer and 75

parts acetonitrile.
As shown graphically in FIGURE 1, an initially fast decrease in the
15 solution concentration 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 ethyl 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 Solution B, C, or D. As shown 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.



10 al so recogni zed that the speed of nail growh differs between individuals
as well as age groups (nail growh being nore rapid in the young), and that
certain health disorders and nedications can upset the rate of growth

Thus, nycol ogi cal evalua- tion was judged as the nost proper objective
primary efficacy criteria to best predict full future clinical efficacy.
The efficacy of the two-coat type dual action antifungal 15 nail conposition
within the short-term study period as judged safe and effective for
anel i orati ng onychonycosi s of varying inten;%ty. Exanpl e 2: The upt ake of
antifungal agent by a nail substrate was evdtdated in vitro using human

Cleancd nd oxtract ed wi t SIS SRS AR Lot b BRaF aetiost or o

appl yi ng the ant ritleingizke mglaﬂiaﬂs treated with SoktibysdT mowhd&ataﬁidwatedﬂﬁttﬂe of
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t erbi nafi ne hydr o bbmribited beneficislly to nwrgamgchmsmmé hﬁlebhtﬁfilﬁihéﬁnefm thewnbidr m ng

25 hydr oph| ic pﬂ% épol yvinyl pyrrolidone (PVP)), or penetration enhancer
dodecyl - ?’Hgﬁ m no) i sopropionate hydrochl ori de (DDAI PHCL)).

Sol uti on A 10 wej ght per C’Ej&pehﬂédmbﬂaf tettsindfind hodrobideridbcby Hunein il cliptiingset hy |
al cohol . Sol ution

) ercent t er bi,naf.i n ochlo |de nd 10 30
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Sol ution DgAl éaczlwal Ivail cnpplﬁ@rnavhg[?buwémmy Mamblﬂﬁcmg (&nd%o@v%emlegﬂaﬁ.
per cent a s, et i ght
percent terbi naf '\ leﬁ(}ﬁ%‘ﬁ'&%‘@ﬂ%‘@ Wgéﬁ‘é"ﬁg &?ﬂ%lmq\éﬁ
anhydrous &3 hyl adameﬂalsealaihmamalwad lmdrmgﬁvewmerme@ﬂhaﬁeinyanme&gbcbﬂ n

about 5 nL of each of ol u sol i rat.j o ,of about
1:10), and the ugh Q%‘%‘ge fr?ﬁ?’i‘%‘ew%g’eﬂéf“@ Wﬁﬁ“r@g" a@?ﬁ“}‘ 4 he
concentration of fcﬁ!délaﬁﬁillhﬂﬁlet MTHelfail heetthiORadas o@eﬁm@ibﬁ'lp&mdiﬁoﬁ ariiBva@vVer a

period starti ng %m*rer Eﬁ%@e&ﬁﬂﬁ?é&pﬁ%ﬂyﬁwwplm asu nzongalwas made

usi ng Hi gh Perfof
diffusion cell as a permeable membrane. The volume capacity of each of the donor

15 cell and receiving cell was 3 mL, and the permeation area of about 78.5 square mm.
The donor solution was the antifungal solution (Solution A or Solution C) and the
receiver solution was anhydrous ethyl alcohol. The receiver solution was sampled
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% DDAIPHC] 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).



(HPLC) technique using a Waters Alliance HPLC. (Waters Symmetry C18, 3.5nm
4.2x75 mm col umm was equi pped for the separations, U 224 mu for detection,
flow 10 rate 1.5m./mn., injection 20 L). The buffer was conposed of two
parts triethylam ne and 1000 parts of deionized water and the pH was
adjusted to pH 7 wth phosphoric acid. The nobil e phase conposition was 25
parts of buffer and 75 parts acetonitrile. As shown graphically in FlI GURE
1, an initially fast decrease in the 15 salggion concentration of

terbi nafi ne was observed in all cases, which gradually approached

equi libriumafter about five hours, renui fi,ggsubstantially unchanged up to
24 hours, indicating that saturation had been reached. Uptake from Sol ution
A reached equilibr pyaREDIENES than about wARGHPPERCEREWhAt sooner than
from Solutions B, Cor D. ITn all cases, the average anount of terbinafine
upt ake was 20 judged to be about 5(&) ng/ (BD ng @il ofDabout . 2% on a nai l

wei ght basis. The tgrbinafine-treated nail clippings re then separately
recovered from eacﬁe'g’gf’?mgmtion nd ri%sed WIP h 10VYerr1_ of elthyl al cohol to
renove antijungal pppedgdr om t heggur f agg cavigy. Thesrinseds nail clippings
fromeach test were then separately imersed in another 5 nL portion of
anhydrous ethyl al cBNBJUSB assess 95 theOate d¥.5terbd.hafi nedbel ease from
the nail structure, b termnin e c entra- tionof terhinafine

hydr ochl ori de rel ea?@’ézygéc‘imﬁnunct i%o of &?ie uQiaﬁg HP&SHPLC ‘t%echni que
descri bed above. Thgt]ﬁﬂatib"lo@% t er g naf |mg«g hydrpochloride inigially released
fromthe nail, based on rel ease neasurenents over a peériod of about 48
hours, was greater fros.reajuantity eaffieidntv t h Sol ution A, than fromnail treated
with 30 Soibltion B, C, or DD As shown graphically in FIGURE 2, the anount of

terbinafin hydrochl oride retained in the nail reached equilibriumin a
peri od of about XExampleS: The order of efficacy of treatnment was Sol ution

D>Sol ution C>Sol uti on B>So i -25- Fl r aphi cal ws t he
retention of terbinafine h?@?&gﬁ%@%‘%@ﬁp a%‘%%#@“ﬁ%ﬂlgnﬁégg‘{}gd W th
Sol utions C and Hemidtephytdsiz cawsdd by Tedhdpheton martagfdphyres (@t memtagrophyeser i n
Solution B, and t

bene i ol al |y to (AXFCARRY: i ECPREGTEnd fngCu oBRRy R FRrost bt Rl i1

15 action, antifungal nail coat compositions containing varying amounts of terbinafine

hydrochloride and of penetration enhancer, DDAIP*HC]. Ten compositions were
prepared having the amounts indicated in Table 4.



5 Exanpl e 3: The perneation of terbinafine hydrochloride 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
t hi ckness (+1-5% were selected. A selected nail clipping was anchored by
bei ng pl aced between two open netal 10 frames, a sealant material was placed
between the rimof the frame and the edge of the nail, and the edges of the
nail were then conpressed to stabilize the nail and provide a nail hol der.
The nail holder thus had an opening for pernpation and was seal ed, against
| eakage when the anchored nail was placed in'a horizontal Franz diffusion
cell as a perneabl e nenbrane. The vol une c&g%%i ty of each of the donor 15
cell and receiving cell was 3 nL, and the-perneation area of about 78.5
square nmm The donor sol ution was tWeghtiterdentlgeiedisnti ut i on ( Sol uti on A or
Solution C) and the receiver solution was anhydrous ethyl alcohol. The
recei ver solution was sanple periodifcal |y over| a perfod of yp to abdut 100
hours, and snal yzed %aﬁ&'ec "ﬁrb. Qﬁnﬁ %@Aﬁ,,ﬁmmf{)}e C ti\ﬁha%{{@at i on
0C 0|dein]_ir('ﬂe q¥; h

of terbinaffne hydr necei ver 19 [ 4ho n {Fl GURE
4, and indicat esyan erhahced-perreat-gr—et—terii-AaH n,%‘i.;upw lcr A ﬁ@}&e

rrrtAarnto oo PerTeTtd LIL) Ul ot TI

t hrough the nail frjom S@)utijpon Non®nt 4i ni Ngnel0% teﬁlbhafd%e hydrgehl dri de
and 0. 5% DDAl PHC ojefcotthal) pf Sol uti gn A contailning 0%t erbinafine
hydrochl oride in anFry‘dT&lgs—E\ nyl, arcofor EXGnpLe 4T LIS gxanpre

illustrates formul ati o) or| ond°Boat typé)%%ual ac{)"gon Oaft i lunde ndi |
coat conpositions, (A B),| (O, (D {an . -|26q s Tabpl I N | ENT
VEI GHT gERCENT L) u J)g(cf(?/' .?\/L g"nz éi E\azl neHG! l@1 5 1”0'i 1 g)'ﬁ'w DS‘E@“ 0.5
0.5 2.5 5 RpP, USP D.55M@)5 O} 5 055 0.% BNomyl gl cobol|0.0/8 075 k.75 {0. 75

0- 75 5(E) 10 None 0.5 0.75 q.s.
5(F) 1 0.5 0.5 0.75 q.s.

5(G) 1 2.5 0.5 0.75 q.s.

5(H) 1 5 0.5 0.75 q.s.

15 5(1) 5 0.5 0.5 0.75 q.5.

5(7) 10 05 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
TIACUC 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.



Et hanol to 100%qg.s. 9.s. 9.S. .S. g.S. Q.S. = quantity sufficient 10
Exanple 5: This exanple illustrates, in a recogni zed gui nea pig nodel of

der mat ophyt osi s caused by Trichophyton nment agrophytes (T. nentagrophytes)
(ATCC 24953), the in vivo clinical and fungicidal efficacy of one-coat type
dual 15 action, antifvngal nail coat conpositions containing varying anmounts
of terbinafine hydrochloride and of penetration enhancer, DDAIPHCH . Ten
conpositions were prepared having the annga%g indicated in Table 4. -27-
Tabl e 4 Wei ght Percent Ingredient 5 Exanpl e™Terbi nafi ne DDAl PHC1 PVP, Benzyl

Et h |t HCl USP Al coh 0. 75 I

5( 13)n “None 0.5 0.5 0. 75 %“il‘qg(@’%%@%egg%%?gwsth@m %“@fﬁ}@eﬁbro ).
0.75 g.s. 5(E) 1ﬁljdﬂﬁnnof)05nﬂof5n apestheticho}tail oDxyHafing ketarAinethnd acepbdrhazink 2. 5
0.5 0.75 0.5.0. . J) 10
0.5 0.5 0q7§ q. s@_9 ]r%,‘é%r oc ggglgggn?le‘ft#ss}gr("\ér%/lﬁ%/uéw%v%}pagq %ﬁ‘ed%ﬁﬁsigec%ﬁ%ﬁ)sed
were in conpli angwnea pip’ stbhek Ahclosdr shwa\nmglvﬁnmthtahafe@madﬁr f(Ismgtafwerﬁ'ﬂ,raa and

Use of Labara- 291 LQ&M@\W&B ﬁfgﬁ&f@? {th%E n]ra? rator "n nghﬁV‘élfare

The protocdl al so was approve
Conmi t t ee (| ACUQnarkad dkinlasea wm&bﬁdﬁwlﬂedterdeﬁnwgnsaﬁdpdpawéﬂw g‘tiinea pigavasat i on

was carried out ftn M}gctg&at%ﬁﬁll}j b%rthoroughly rubbing onto the abraded skin a cell suspension
of T. mentagrophytes, (ATCC 24953).
The T. mentagrophytes suspension was prepared by sub-culturing T.
10 mentagrophytes (from frozen stock) on Potato Dextrose Agar (PDA) (Difco Laborato-
ries) plates and incubating the plates at a temperature of about 30 °C for a period of

about five to about seven days. The colonies were scraped from the plate using sterile
saline solution (NaCl 0.85%). After washing three times with sterile saline solution,
the conidia were re-suspended in sterile saline solution. A ten-fold dilution of conidia

15 suspension was prepared and counted using a hemacytometer. A working suspension
of conidia was prepared at a final concentration of 1 X 10’ Colony Forming Units
(CFU) per 100 microliters normal saline solution. The inoculum counts of the ten-
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 lseriod, 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



Medi cal Mycol ogy and Mycol ogy Reference Laboratory of Case Western Reserve
University, Ceveland, OH 25 Ml e al bino Gui nea-Pi gs Harl an- Sprague- Daw ey
(San Diego, CA) having a body wei ght of about 400 to about 450 grans were
acclimated for a mni- numof five days prior to use. The-environnental
controls for the animal roomwere set to nmaintain a tenperature in the
range of about 16 to about 22 C, arelative humdity in the range of about
30 to about 70% and a 12 hour light/12 hour dark 30 cycle. Quinea pigs are
naturally susceptible to dennat ophyte inf e_c%gpn and need no special

mani pul ati on, such as inununosuppression. -28- Each test guinea pig was
anest hetized wt i . ( W ' . . anest hetic
cocktail of xyl Ir%g’faggé{t%?n}flrgﬂgﬂ%toé%%%}nggnﬂgg:Bé]ﬂet%@g@:&ggigng@al&%%ﬁg%e_ Usi ng an
el ectric shaver , folawingfemnuia:i% pffigacyr 100(T X2100/K)whesé t he guinea pig's

back. A cl oser shave.: ' ' Ly & o LS ' 5
shaved skin ar ea’PS}f’ gggg?%@%ggo@r@ aszgD ?%%W%Q%&?%%%g?gﬁ? @3 and
the marked skin area was Fabr guleeh pigs wers testedl withithexeompositios afiBp i) as aThe
i nea pi ' | cal I 3 '

br aded skit a cORESR(REEH GERubORAR Glou) M el biks Witk eiS: Bh Cech e
ment agr ophyt es sofdheewinple fmasulpti@péﬁieSdS@fJ)s‘gmin Table A didentified as€inoupgophyt es
fromfrozen sto . a . ] . - L es

|(ol ates and i ncubﬁ?@%&‘%@p@t@?ﬁa{“@?@gﬁ@? é?@?%wé{%ﬂé@%ﬁ?a%@n?%}&a p)eri od
of about five tentbbgroumuwenp iBys. The col onies were scraped fromthe plate

using sterile saline sol .e(i’\'airé %l?exﬁi‘%%ed, dgﬁ&gl;ggg%ggggﬂﬁ@?gﬁ %ﬂo{@& wth

sterile saline solution, e coni [a were re-su ] e sqline
sol ution. 1@ t en- growth ofifigal Glamehtsdndi¢ating invBsignisizbe biivrootsa Supstapiatly similac

counted using a ' | OF | dl repar ed
at ua fi ngl | anceﬁﬁﬁcﬁ%ﬂﬂ%ﬁ&m ﬂg@h@g@%@yﬁgr m Irﬁgl%ﬁﬁgg%%&gb%h\s&%e OOp

m croliters nor nébrogal)and vath the dwg-fre? hemposiionl of FExc HB) (Grovp 2).17d] ofdhe f ol d
dilution of T. . s b G Al ' b

pl ati ng the susg‘g&nﬁl oi&\lggg%%l@ﬁg%ﬂéﬁ%n&eﬁﬂl’?%’%és%éﬁj c%o%%rﬁg#gfa?esgl
medi a, 20 i ncubadénmpstrited py tieebsenceofifengabelementeinghe bdivut 30 C for a peri od
of about tyee to about f@fic,faMacy 3t abddfsla B bRinThitl M6bal ianfRiRBY COUNtS.

appearance of the skin and regrowth of hair at the test sites, using the following

numerical score criteria: 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) bad 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



Three days after the inoculation and infection with the dem atophyte, the
gui nea pigs were each treated, once daily for a period of seven days, wth
0.1 nlJapplication of one of the selected nail coat conpositions, 5(A-J),
listed in Table 4. 25 Three days after conpletion of the seven-day test
period, nycol ogical and clinical efficacy was exam ned. Mycol ogi cal
efficacy was exam ned by renoving hair sanples with a sterile forceps from
four quadrants, (10 representative hairs peggquadrant). The hair sanples
were planted in a correspondi ng quadrant on a Potato Dextrose Agar plate 30

and incubat ed atjudgéPspimiiadd st @ dedz cdheiratRi JEaballt 130AaLHt %@aﬁfd)f and Rlal OW Ng

the two- day incy | on per.iod, the fungal, gromh at the oot was

. h |

exani ned under ad PERFT3IENR ?f@é?ﬁ?éwnF aip ekaboythe siight “e(ExedE))cberpussi t i on
in reducing the ingrebshg the dni/dateaOrGadréading Ued pen¥igatidaichh AR oRRNIAEE nbt €at ed
ani mal group was exi%%e d ES - 29-, g‘grcent ﬁge efficacy relative to the
untreat ed contr ot &mer Fﬂeﬁ'ﬁ‘f]s‘.n ?ﬁ?g{l?l .calp CAi ng fornula: %efficacy
= 100- (T X5100/K), where TArhoasl dfithesniti all sudvivihg ahBfdls @R WRrHdEd Ky m
positive hair in the untreated control ,gri)up. FQur guinea pigs _were tested
With the conposiP{TaYFRGRS jjectief oh)a eythagasia sg %BB@%WF@EW@IRFSW%p
(Goup 1), five Qttterror eisraiieie tested with each one of the exanple

formul ati ons (E;ﬁ. 5&@-63) shown in Table 4, (identified as Goups 2- 10
respectively), P group of four guinea pigs was nai ntained as an

infected control group (G’t@s&a&ﬁ)e-in{rdﬁatebmﬁﬁaftﬁe@&ﬁamﬂimﬁ%&daqaf:@?&r0'
a

gui nea pi (Go 11) showed . 1 rowm h qQf fungal, filanents indicating
i nvasi on gﬁ t he ‘ﬁ%{ ?ctgoao%ﬂél\.ﬁﬁ@m &%%ticampwl%anﬁop ng teihinafing hydroghlarige,;

roots was noted ﬂmfbufgﬁﬁaﬂdﬂie%%_h@ﬂn%ﬁnﬂhﬁ&‘l&faﬁﬁ%ewhbﬂe%@?ﬁ%:(g@OUp 1)
and with the d“rjﬂqjatfie:ﬁ‘? conposition of Ex. 5(B) (Goup 2). Al of the

conmposi tions co 1AW naf i ne HC1, Exs. 5(C-J), had nycol ogi cal
efficacy as denonstr at ed Thyee digs,qDIE BEEID werd A1 FonFhAREERYoF kérhtid foe hair. 15
Clinical effi cac%, S asigssed F%ﬂelx(?ﬁ ni ng | oc?l changes _in_the_ _appearance
of the skin and SAThing fangs P tQ-p o ahouty | miljieter (ram) Pist,B; 3 Higkpess gy
nuneri cal 13core g kdn@ bfabodt E1 BPaboff1.9 fin (isc IR Whé tHickAbds)in SHehdpR TR bIYHS

| aces on the skin; 2 = II defined.redpness, swelling with bristlin
Eai rs: 3 = lar gel'gF%aa@“B? Vn\ﬁ]gmg@a(nnn) 831scgﬂ. '%‘Isle side eéges axgd one face of eachdiscg

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.



redness incrustation, scaling, bald patches, ulcerated in places; 4 =
partial danmage to 20 the integunent and | oss of hair; and 5 = extensive
damage to the integunment and conplete loss of hair at the site of

i nfection. The assessnment of clinical evaluation in the change of scores
per treated ani mal group was expressed as a percentage relative to the
untreated control group of animals using the followng fornula: %efficacy =
100- (T X 100/ K), where T = scores in the test group and K = scores in the
untreated 25 control group. The infected cgptrol guinea pigs (Goup 11)
showed patches of hair 1loss and readily viSible ulcerated or scaly skin.
Substantial ly si IE E‘E'Ii’l‘ls sions were noted in the Goup 1 guinea pigs treated
wi th the placebo, (A), and the Goup 2 guinea pigs treated with the
drug-free conposition, Ex. Tﬁes;alnpéédilmul‘atdslﬂwqilmd@l mefaenQ}@oattypcduailactg)n,

appoar ance of ¢ hanipgrakil B8 oSt on Bt A tneliBSE bkt R B BEftbeg
air in the G oupBxBafl®6gui nea pigs conmpared to that of guinea pigs treate
h h ExB@apl 6 i d h f d

w th the placebo —(vehicl e%h&%éﬁ%%?%ro?é&ﬂre%%@m{xfaﬁﬁ%SWﬁée i ollF%S? (A B) .

Clinical efficacy was -30 concen I'on "of about
1 wei ght % ( Ex. 5@@ hoefnsiclaaned andJthd ﬂmwedm&;wlﬁnbléfehaﬂﬂﬁaonmfrhosnhodt i on of

about 0.5 wei ght E

i ncreasing the gﬁ 1§§§tth1§£nn ;es) faaﬁ@g?&igﬁ %térgiﬁ &QP&H%M ovi eﬁ%‘% urtaﬁer
beneficial incr ea&shzedhylaumctaa(ingeﬂridmém)!hOG sggtionk eredien cofited wahstsddgted ndil
surviving ani mal 5 _ve 0 .

eut hanasi a sol ut {*8h anggﬂﬁéﬂp%?ggﬂ?%%f %ﬂo%&%ﬁ%@ﬁ%@%&y l(jzlle&:ﬁg%(Jl A%d%fs %e?rahon

i ncinerati @0. ExanieneerGhoWhirsCamrposjtions 7(A-H} of Feabdss, |andiﬂﬂt1noontm“mhrthmzdﬂi lity
of a one-coat type

du Lt
cont ai ni ng terbi G33ti cﬁ@pﬂi}@é O?pqtrorrﬁgmg&i’ﬁ%cg@g%&%@?%}‘? F%ﬁﬂﬁg%’ﬁ“ﬁ% ani mal
hoof ker at [ n o d edith(daomsrerbialotbpica mail hoqug,d?ENIp‘L@‘E"bcodtaﬁﬁmgﬂhesyMay Thr ee
di scs, ] u i n ness in
t he range of abo&gmé)l 1 %aélg? @J m ?Ré??atm% lé%B@ﬁs arel§hgn sacplg a(&,%(%%? in
15 the range of abanplatd seed¢edownlve lawnlof Somidial s(uEp@sloh of T. mendagriphyten é8TCCn t he
range of a'i‘S’ ut 24953) at a concentration of 5 X 10°, and incubated for a period of about four days at

a temperature of about 35 °C. The zone of inhibition was then measured.

Table 5
Weight Percent Ingredient
Terbinafine PVP, Benzyl Ethanol to

20 Example | HCI DDAIP-HC] USP | Alcohol 100%

7(A) 1 None 0.5 0.75 q.s.

7(B) 5 None 0.5 0.75 q.5.

O 10 None 0.5 0.75 q.s.

7(D) 1 0.5 0.5 0.75 q.s.
25 7(E) 1 25 0.5 0.75 q.s.

7(F) 1 5 0.5 0.75 q.s.

G) 5 0.5 0.5 0.75 q.5.

7(H) 10 0.5 0.5 0.75 q.s.

M 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 butyl monoester of poly[methylvinylether/maleic acid] in isopropy! alcohol
(Dermik Laboratories, Inc.).-



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 during agar diffusion evaluation |eaving 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
nmg/mM, 0.5 ng/m, and 1 ng/mM anounts of terbinafine hydrochloride in

di met hyl sul foxi de (DVMBO). Each anti fungal ggat solution was applied to the
exposed face of each selected hoof disc (1; and 1'11). The

antifungal | y-coated face of the hoof disc was t hen pl aced in contact with
an agar plate seﬁded )gligh a |l awn of conidial suspension of 25 T.

ment agr ophyt es ( 53) at a concentration of 5 X 105, and incubated for
a period of about eight hmisacam*ﬁl‘aeillnslmesttﬁeﬁmglbildhltdcﬁm)(dfcﬁmm‘oartypédlﬁlea
remai ni ng cl ear | acki r r e | L ers
(. The resl ¢ EtoRuRERAL e ol B0 p AR TR AR o dRlondeRa
hydrochl o- 5i de, a defetraioroenhtmek DI AlPeH Ch agringh thréecstiansfof dredietrhatbpliytee per meat e

retained bioactiwi.ty. . 30 .The peasur d. L Diti nerally

I nversely propor {lg’?lygytopﬁﬂ%}lg,{gflgﬁw ’ ngl%ecge ?tof’ﬁg ﬁfopa*% Hoof
di sc |l havi ng amebingropipes (Ihmezhmph)ge),(ahd tenatrains of the yeastBondidd albicam i S
judged simlar t{)%t?be t hi ckness of human nails. -31- Exanple 7: This exanple
simul ates the clVri%Af e of a one-coat type dual action, antifungal nail
coat corrposi tion on human Nalémtumimgﬁibimacohtanmgfeﬂahﬁmdhgﬂrodﬁsndé Besl in
Exanple 6.,.5 The n rocedure f Iatln Lnical .use i s

Fol 1 owe: % " nob el Bayerp Rl chre] ki fnfiet PRlpEs® Briide et disiram
Secti ons of hor sin Tebid 6 aﬂabfunggddeﬁﬁnacﬁcmr&dfagmh%atmﬁcnmmmmwempoﬂe cut

sactons ar . 1 holloks BPCPEN A2l ERfu SoR TRt il Clpll g

t he amount of t eciblopaéx)ne hydrochl ori de and penetration 10 enhancer shown in
Conmpositions 7(A-H) of Table 5, and |eft lrgblggnt act with the nail coat
conposi tion. For conparison, sections of hm'se hoof are simlarly contacted
with a contfercial topical nall | acqNégight PEskn edientnt ai ni ng t he synthetic

antifungal, cicl opies—E—Htrr—1Fhe reat :d#‘.ao‘ S et hen each
pl aced on an Example | Terbinafine | DDAIP-HCI | 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 butyl monoester of poly[methylvinylether/maleic acid]
in isopropyl alcohol (Dermik Laboratories, Inc.).

» 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



agar plate seeded with a | awn of conidial suspension of T. nentagrophytes
(ATCC 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
t hen nmeasured. Table 5 Wi ght Percent Ingredient Terbinafine PVP, Benzyl

Et hanol to 20 Exanple HCI DDAl PHCI USP Al cohol 100% 7(A) 1 None 0.5 0.75
g.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(F) 12.50.50.75¢g.s. 7(F) 15050.75q9.s. 7(9 50.5

[

0.50.75q9g.s. 7(H 10 0.5 0.5 0.75 gq.s. 7(1) Conparative PENLACTmM Nai |
Lacquer Sol ution Topical Solution 8% 30 Net3d:- Ex. 7(1) contains 80 ny
ciclopirox in a solution base consisting of ethyl acetate, NF, and butyl
nmonoest er of pol Haspitdly bfClaydlandhElevetaide OH, biased pnithe retbpd dgsyribed i ddssiip, et

Derm k Lab tor)j - 32 : ' R h
fungcf dalact i viky Syifeel Suebpiey Mg o Do baiee B ulbihd S MeBhEE oo e
conposi ti ons contiadueinggCanidid Gravihrend Brdiuatidn afiSuskeptibitity ofClinfcablspenet r at i on

h , DDAl PH ' ] Y S o t
enhancer tes,%@%n'&?%fr é‘lﬂ?c@?]&ﬁ& %ﬁﬂgi}%;é,%% ﬁh&ﬂ?gﬁ%ﬁ%ﬁg AbdefiBgPyt on

rubrum (T. rubrum, ’nine stralns rat o ton

nent agr ophyfes ( Bociebnfoniiapbiglogy §2000), thetdisslosurespfxhioh anetiecoynozated iegeinbya
al bicans (C al by : ' W eteTurslal A [+ 134 B '
hydr ochl ori de, E?%ﬁ?eﬁgé 8?%@ Jn’é}%l%)ﬁf,ﬁcanc ﬁu&réo&'ﬁéggﬁg{%ﬂlgﬁy@ e%(gd(l%@ﬁv}e&ﬁ%d
prepared having tfortestinguiemsatertiytes, adoptiohaifithe Bodifiell method ed atedmenfimentde the
conpared agai nst \A@@fs Riss SORIR ﬁ’ds%leenfﬁgpﬁéd.' The modified method is described

below.

L

Oe

10 Dermatophyte isolates are subcultured onto Potato Dextrose Agar
(PDA) and incubated at a temperature of about 30 °C for a period of about 4 to about
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 1to 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 (ug)/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 subcuitured 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).



tion, Ex. 8(D): PENLACr' Nail Lacquer Sol ution Topical Solution 8%
(Containing ciclopirox). Table 6 15 Wi ght Percent |ngredi ent Exanple

Ter bi nafi ne DDAl PHCI PVP, Benzyl Ethanol to HCO USP Al cohol 100% 8(A) |
None 0.5 0.75 g.s. 8(B) 1 0.5 0.50.75g.s. 8(C None 0.5 0.5 0.75 g.s. 20
8(D) Conparative PENLACm Nail Lacquer Solution Topical Solution 8% Note:

Ex. 8(D) contains 80 ng ciclopirox in a solution base consisting of ethyl
acetate, NF, and butyl nonoester of poly[nmgyhyl vinylether/maleic acid] in

i sopropyl al cohol (Derm k Laboratories, Inc.). 25 Fungicidal efficacy,

based on mini mum i nhi bi toryorwm@tagsaylao&om@m&an@p&fmwpﬁém}ﬁgﬁa

concentration (I\/F of the dru was eval uat ed bro m crodi | ution

assay, as wel | a¥1@aRPMEI064ias ih?sqﬂ(‘}ﬁntp The MF£sassgy, is n@‘meﬂ iy subduBusingtbe of

i nhibition. 30 Tgﬁcrgﬁtg;geﬁgg&gq;émcggt met hod was a nodification of a NCCLS
MB8- A standard nethod for_the SUSC}&U bility testing of conidiumform ng

filamentous fungi of the Rertheosgar difiysian essay thextandprdized inoculumefronidia is

St andar ds (3NCCL Shppi1iEl%o th@@ﬁ‘fic\e%@a %&Weiﬂ%&e ﬂ%ﬁ"g’lﬁ@% afl‘lgwte anw lsfaﬂar
Medi cal Mycol ogy, Un| versity -33- itals o evel an | an

based on the net ﬂ@ﬂcw@rth%%fﬁwt@é% mpogition fs put l%@ﬁﬂﬁﬂgand@l%@ééw b; lity
Testing of Dermhﬂfh@é(&ﬁﬁantlﬁﬁigﬂ%hﬁwBgvﬂeﬂ\@%@by'%ﬂe%f%rb Tﬂﬁ&%bdﬁ@i

Growt h and Eval uation of SuscCeptibility of C1nical "Journal of
Clinical M crobi BIRARING e;laarsmklaaaro“ﬁhﬁtﬂmtbm%@faﬁgpﬁth%plﬁﬁ%meewedanwamvsf or
M cr obi ol ogy (20@%)(1;395 i scl osures of which are incorporated herein by
reference. Based on’a ftlcenter study of the reproducibility of the

nodi fi ed nd hod for testifvyagasdiffitsinptastay svas aerdpmied ising Petato Rexdiose Agarmet hod

as an amendnment QtesR€ded with a lawn of conidial suspension at a concentration of 5 X 10°
CFU/ml. The plates were inoculated separately with undiluted test compositions of
Exs. 8(A-D) by adding 200u1 of undiluted test compositions to wells cut into the agar

and allowed to diffuse. The inoculated plates were then incubated at about 35 °C for
15 4 days for dermatophytes and 48 hours for yeast. The range and mean diameter in
millimeters (mm) measurement of the Zone of Inhibition (Zone) assays of the nail

compositions in Table 6 are summarized in Table 6-A below.

TABLE 6-A
20 Ex. 8(A) Ex. 8(B) Ex. 8(C) Ex. 8(D)
Zone (mm) Zone (mm) Zone (mm) Zone (mm)
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 50-98 381 16-18 173 30-34 32
25 C. albicans, n=10 19-30 237 1830 238 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



NCCLS M38- A standard has been proposed. The nodified nethod is described
bel ow. 10 Dermat ophyte isolates are subcultured onto Potato Dextrose Agar
(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 subcultured onto cereal (oatneal) agar instead of PDA in order to

i nduce coni dia 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 S3kQ about 10 mnutes and the
conidia is counted using a henocytoneter. Wrking suspensions of conidia

are prepared in 14nixhfifbdntakER Alﬂofa@&n{p%bmaﬁstmrb jaﬂ);ed?%wmequﬁesﬁﬁd}al
concentration of i _to 3 X 103 gast controls are subcuLtur onto

PDA and i ncubat @éfeﬁtveéz@leﬁ&er%em eplmﬂc tI. mentagroghytes, aug I 44018y than the o s ¢

i nocula are 20 prcﬁﬂﬁfeﬁﬂaltc‘iblénfok-@&haﬁﬁ@%ﬂﬂicﬂ&ér%d@sfer@s&sﬁa@h@y@qﬁﬁvﬂl@ﬁ teFU .
For M C assay, each drug. co centratl on vveII asql%rowth control well is

i nocul ated with HeRrommergial paillacayer agpinst theypaste f#Sand the final volume in
each mcrotster Wamplé9:200 mcroliters. The dermatophyte plates are

incubated at a tenperature of about for 4 St cqntrol s for 48
hours). Plates are exani nedi&fsgs) cﬂ&lﬁy%%bmgn%@@%ﬁ@mdﬁ againgt thei bit i on as
conpared to the %ﬂm&b@amng{ T ﬁ&ﬂaﬁMaﬁh)fi&S(-A'FGC 949%3Le§mh§tﬁaéed i theThédiRed ans

(jig)/m. The MC e Iegm nt 1S, generall et ned as t | owest cqncentra-

tion that inhibi NClaDbrog: ‘f‘@ﬁ@é’rs%ﬁiww 43 Exagnle P dsedon MEIGRBRIEDIES L r ol .

To performthe NheeRfatih mﬂ'mhﬁnﬁrﬁ&'@gﬂﬁhaﬂﬁ&ﬁbﬁﬁﬁh CPhd WEIl asViidld
wi thout visible growth an%ﬂggbcul tur@l onto Pot ato Degtmrdgsg Agar pla grs

The | owest Qoncemﬁﬂmqndﬂatses%ms%saa%& e zques of WIS i s consi dered the MFC.
(I'nocul umrenoved fromt heAﬂl&E@éduﬁﬁﬂ’sltM@EﬁQ%@) @}Jﬁgl@gﬂt Jogfpoglﬁ&{satl on -

there are no zones of i nhi bition) C assay, broth dilution

is performed in ﬁp@ta@mate&bmﬁmb'dmcmpnr@mxsﬁah%9@h@nemdwnﬂee CPRPaNgHYs

assay is perfor ”%GmBMmﬁMP‘EJU 9(!!? Wes ﬁr@ﬁedfﬂaﬁhgftﬂetﬁouﬁ@sh&wﬁ forabld e ALE test.
For the agar diffusion assay, the standardizéd inoculumof conidiais 5

applied to the sureparcd e dimogylsuloxids NSQ) solvent splutions afierbinaliseed to dry.

mvﬁl : S ZL 3 als lhg\rAlB %Hrobﬁlbﬁdé RethRPenetrdfich dniifndet BD AIPPHIOS ahd QnbiRatioHd therbP t he
S
(E xs 9(E-H) in the amounts also shown in Table 7. Included for comparison, was the

commercial PENLAC™ Nail Lacquer solution.
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8%

15

20

Note: Ex. 9(I) contains 80 mg ciclopirox in a solution base consisting of ethyl acetate, NF;
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.

of undiluted test composition and of each diluted composition was added to a

Serial dilutions of each test composition were made in RPMI diluent, and then 100 pl

respective microtiter well. Conidial suspension (100 pl) 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

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).



der mat ophytic fungi, T nentagrophytes, (ATCC 24953), is illustrated in the
nodi fied NCCLS broth dilution assay described in Exanple 8, based on

m ni mum i nhi bitory concentration (M) and m ni mum fungi ci dal concentration
(MFC) as well as an agar 10 diffusion plate assay neasuring the zones of

i nhibition. A placebo conposition, Ex. 9(A), two nail coat conpositions
contai ning terbinafine hydrochloride, Exs. 9(B) and 9(C), and a drug-free
conparative conposition, Ex. 9(D) were prepared having the amounts shown in
Table 7. Also prepared were dinethylsulfoxighe (DMSO sol vent sol utions of
terbi nafine 15 hydrochl oride, of the penetration enhancer, DDAl PHC1, and

fomlfll gaél ?ns thereof  ( EXSThO gduetdf inkibitibie( d?e%iﬂytﬁits&eﬂiﬁﬁle)lselﬁﬂ\fﬁe !h'lhu-Bﬂthclﬁar%
ncl uded for conparison, rcl a | acquer sol ution.
-36- Table 7 WeidR thpM%%WP@a%ﬁg f‘é‘E‘TefEAtgF ROMPQsiions ) shown ibyp,
Benzyl Ethanol HdpiddSR, Al cohol to 100% 9(A) (control) None None 0.5 0.75

g.s. 59(B) 1 0.50.50.75qg.s. 9(0O 1 l\ing,}) 50.75 g.s. 9(D) None 0.5
0.5 0.75 g.s. 9(E) None 1 ng/m in None ne DVBO 9(F) 1 ng/m in

None None ne None 9 /ndin ne ne None DVBO 9( 1
gghnl in 1 g/m in None No%(’ﬁ;{‘ﬁé ]Z%szbl\ﬂs%i g»Eg“ﬂi‘ENLACr’\' Nai |
Lacquer Sol ution Topical _Sol Ution I L cont 80 _ny

ciclopirox in a solution bagex)conm sglhgg of et hlyﬁz acet ate, {NE;

9(B) 80 >1:512 >1:512
9(C0) 82 >1:512 >1:512
10 9D) Zero 1:64 1:32
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
o(H) 18 0.03 pg/ml  0.125 pg/ml
15 9D 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 benzy! 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 0of >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. Al a terbinafine hydrochloride concentration of 1 pg/ml, the



15 i sopropyl alcohol, USP, and butyl nonoester of

pol y[ met hyl vi nyl ether/mal eic acid] in isopropyl alcohol (Derunk
Laboratories, Inc.). MC assay was determ ned using the broth dilution
procedure described in Exanple 8 perforned in mcroliter wells with RPM
1604 as the diluent. 20 Serial dilutions of each test conposition were nade
in RPM diluent, and then 100 | of undiluted test conposition and of each

di luted conposition was added to a respecti38e microliter well. Conidi al
suspension (100 I) was then added to each well and the plates were

i ncubat ed at an fiumgicidat efficadysofifies tatbinafine hydrbahlnrids Svas stisstansinlly equivabemt with

period of 4 days dey, hou a For MFC 25
det erni nati on, uffdl Tt ﬂaggl%me%&aggﬁ%om fergﬁesgﬁééadd@ ?@}Nel | s cut into the
agar and all owed to diffuEee fotRigeinigliCintendeaico e ﬂhus'atu\he)fttlmmssentimaﬁnn; ation

that inhibited % HI9 . The
M-C endpoi nt wasg‘gﬁ’é)? 0 tw&% ﬁ”ﬂg{@en aglt% F%%%dﬁcohg%%%gé ?gﬁﬁcadﬁﬁg}o[l he zone
of inhibiti%n si depawing frame feurvedpitid aachebpe ofdhe iavedionemai ni ng clear, i.e.,

| acking growm h). -37- The zone of inhibition (dianeter size in mj, and the
dilution factors for the M C and MFC assays obtained with each of the
conpositions is shown in Table 7-A. Table 7-A 5 Exanpl e Zone size Dilution
(Conposition: Diluent) No. (nmm MC MC 9(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) Zero 1:32
1:4 9(F) 80 >1:512 >1:512 9(G 18 0.03 gg/nil 0.125 gg/mM 9(H) 18 0.03
g/m 0.125 jig/m 15 9(I) 33 >1:512 >1:512 The terbinafine-containing nail
coat conpositions, Exs. 9(B) and 9(C)



were fungicidal at the highest dilution (>1:512). The terbinafine-free
conpositions, Exs 9(A) and 9(D) were weakly fungicidal, based on MC
assays, but produced no 20 zone of inhibition, indicating that any
inhibitory effect observed was likely attributable primarily to sone
antimcrobial contribution fromthe beA2yl alcohol and ethanol in the

vehi cl e. The terbinafine-containing conpositions were judged about 2.4
times as effective as the comercial nail l|lacquer, Ex. 9(l), at equivalent
vol ume co Srations, based on the zone of inhibition. The commercial nail
| acquer was 25 conparable to the terbinafine-containing conpositions, based
on MC and MFC assays. Sone difficulty was encountered with the conmmerci al
nai |l | acquer at the 1lhi ghdstwosarat tipey dital actondardiftungat naib coad tcomposifion he

| acquer vehicl e.and hardening of the |lacquer in the mcrotiter well. In
DVSO sol vefit™PEHBE'f ungi ci dal efficacy at a dilution of >1:512 of 30

terbi nagine hydrochl 9rﬁir:H%nﬁfun%alrmﬁlr@oaﬁ&i?r%@ftﬂbﬂtcbﬂt@in‘{‘@gsa@&?écﬂy@Onfi rmed by
Ex. 9(F), wth at nost sone weak efficacy fromthe penetration enhancer

al one (Ex. fogi®idal ahmurdofomtifngal zgentdispersednafipharnagdlogidallp tola@bleoncent r at i on
of 1 g/m, the -38-.fungicidal efficacy of the terbinafine hydrochloride was
subst ant | al'PPUISAEEAS SHHRHAPY  or without the penetration enhancer present

(Exs. 9(Q, 9(H)). Theedondaaffungal mill doheidaffdsiionRBntalrintsh fifh ifehigg the
present invention, but not limting. Nunmerous variations and nodifications
may be ef f emouunt qﬂlwﬁmhllw@%ewrmetgecnmmngmdalram@ugmframﬁmdl ageope of the
inventipon. -39-. Claing. 1. A tw;coat, tvpe, dual .action, antifungal nail coat
conpo_sil_&i Oﬁndg%gmag%{ﬁﬁgll%a%lceﬁ%?a& V%{ﬁ?]lgfoﬁg?&éﬂ Caﬁréefr_r coat conposition _
contai ni ng an ef f ect iwhgreid &ifttr ohélof the MRk s€@ond Bhfifudpslalailagent di spersed in
a pharmacologically tolerable, volatile organic carrier; and a second

ant i f ungal cempositiaaeptivamihoiicludena sehstaatinilnponvelatile peoneatiog enhansgnandf
nyrom L1 POl YT 0 LSRR Sy R B Rt 1
primer coat on a fungally-susceptible or infected nail on contact therewith, and the
15  second antifungal nail coat composition provides a fungicidal film coat on the
antifungal primer-coated nail on subsequent contact therewith.
2. The antifungal nail coat composition of claim 1 wherein the
antifungal agent is selected from the group consisting of allylamine, azole, and
triazole antifungals.
20 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
25  hydrophilic polymer is selected from the groﬁp consisting of a polymer comprising a
vinylpyrrolidone monomer unit, a gum, and a resin.
6. 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.
30 7. The antifungal nail coat composition of claim 1 wherein the

hydrophilic polymer is a polyvinylpyrrolidone.



wherein either one of the first or second antifungal nail coat conposition
optionally includes a substantially non-volatile perneation enhancer, and
wherein the first antifungal nail coat conposition provides a fungicidal
primer coat on a fungally-susceptible or infected nail on contact therewth,
and the 15 second antifungal nail coat*conposition provides a fungicidal
filmcoat on the antifungal priner-coated nail on subsequent contact
therewith. 2. The antifungal najl coat conposition aof claim1l wherein the
antifungal agent is é‘el ect a‘Pﬂ%‘ﬁE@H@ﬂd’% MG Of ﬁb‘“Bﬁ ‘éililqr?},‘\g]?ﬁ ne, azol e,
and  triazehRjeARidnlMERI Bavird2 % ablues dfxbbh YiGRl nail coat conposition of
claim1l wherein the antifungal agent is an allylamne. 4. The antifungal

nai | coat conpositiof. of dhaiantifungtlaradiceat despoaition fofinlgith 1ayleneinitee

terbi nafine hydrochl orfide. 5. The antifungal nail coat conposition of claim
1 wherein tA&®T §§%ha§]8['ophi lic polyner is selected fromthe group consisting
of a pokymer conprisijog a TheladhpgalmiliceenRniPasRieR of YR 1 whaeifithand a
resin. 6. The antifungal nail coat conposition of claim1 wherein the

hydr ophi | i @npingslageridspresedsomna (atal womppsiten woight basife ffean ympyntdethect ed from

a honopol yer. thereofs . a her eqf nd .a.. | ex. t hereof. 30 7.
The antifu %%e oﬁgﬁ?lﬁ&%&o a@%rgrg@s%’gﬁ%[&#%?enifnatih%%fg\ﬁﬁ%&g’ig I{aﬂec od ydrophilic
pol yner i s compesdiMon fvd Dydnr2ahdusifitthe rAge 0Baboli©. Ry aouh U kvelphk beré@itin

conposition of claim1 wherein the carrier is an al kanol having 2 to about 5
car bon at ortke segondradifengal natheedt composidefat conposition of claim 1 wherein the

carrienol s ethanol. §,10. 116 ARLLLYNGALMApcSRRh FOIRAT AGNQe Cf 2l m 1
wherein'the antifungal agéent TS present, on-a rora corrp03|et| on wei ght
basis, in dhstanmtfungal dailtddet conpigRionfconipeisés, On b tétal agsitidd weglgibhsiper cent in
the first antifungal nail coat. conposition and in an gnount iIn the range of
about 0. 1 abeutdfsvrightpeggentyisrbipafinedn ethapol apd dhessesonansifungal pthroatai | coat

conposi ti ORomposition comprises about 20 parts by weight polyvinylpyrrolidone, about 3 parts

by weight terbinafine, and about 47 parts by weight ethanol.

15 12.  The antifungal nail coat composition of claim 1 wherein, when
present, the penetration enhancer is selected from the group consisting of an N,N-
di(C;-Cs) alkylamino substituted, (C4-C;3) alkyl (C,- C;3) carboxylic ester or
pharmaceutically acceptable acid addition salt thereof, a pharmaceutically acceptable
alcohol, and mixtures thereof.

20 13.  The antifungal nail coat composition of claim 1 further
including an anti-infective agent in either one of the first antifungal coat composition
and the second antifungal coat composition.

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

25 15. The antifungal nail coat composition of claim 1 for use in
ameliorating or preventing fungal infection of a toe nail or fingernail.

16. The antifungal nail coat composition for use of claims 14 or 15
wherein the antifungal nail coat composition is applied once a day.
17. The antifungal nail coat composition for use of claims 14, 15

30  or 16 wherein the first antifungal nail coat composition comprises, on a total
composition weight basis, about 10 weight percent terbinafine in ethanol; and the

second antifungal nail coat composition comprises about 20 parts by weight



10 11. The antifungal nail coat conposition of claim1 wherein the first
antifungal nail coat conposition conprises, on a total conposition weight
basis, about 10 wei ght percent terbinafine in ethanol and the second
antifungal nail coat conposition conprlses about 20 parts by wei ght

pol yvi nyl pyrrol i done, about 3 parts by melght terbi nafi ne, and about 47
parts by weight ethanol. 15 12. The antifungal nall coat conposition of

the. o oup EBRHSUAGgPREAONAN PA e g PR APOSUh 4! PRSE B, (Ca- L)
al kyl  (C2- vidight efl@hOXyl i ¢ ester or pharnaceutlcally acceptable acid

addition salt thereof, a pharmaceutically acceptable alcohol, and m xtures
thereof. 20 13. The d8tif uRemantifungal saheoat epmpesitiorofer ose of claims114f I3 t her

i ncluding an h ne of th f|r ntifungal coat
corpost 1 Po? 1B st AR whifech o B ¥ o Edbelne. anc 7 ungal
nai | coat Gempesitibn MRight badiaabduk leﬁelgliI@etcBnttEfb@fﬁaﬁM abdat 0.5.to Absutant i f ungal
nail coat composition of claim1 for use in anelioratin preventing

fungal i nf evaighdpersentzdadeeylriai(N, I‘évdlmemjmgp) promenawmdr@ﬁgliorld th&ai | coat
conposi tion_f f.clains 14 or 15 wherein the antlfungal nai |l coat
conposi ti on®f é}mg‘%pﬁ% %81 once a day. 17. The antifungal nail coat conposition
for use of clains 14,1915 AQualiactién whfugdabndiheoat commpositidn Eammgrdingiai | coat
conposition conprises, on a total_  conposition weight basis, about 10 wei ght
per cent terbinafine @ﬁegkﬁaﬁd@ngﬁﬁhl@H@m“§§@@ﬁﬁﬂ3ﬁ&1ﬁ&ﬁﬁal nail coat

conmposiyf,i on conpri se r Ve Ll i done,
about ébparts by wei g 2 %B? ba%ga ?rﬁgfaéﬁéé p\gﬁh&% ﬂﬁagc?%e%e‘éié&ﬂ&ﬂ et hanol .
18. The antgrcﬁup’tgmblsﬁ@g of @O N-dfGp03) dlkplamimy sulbstetu&ﬁ C(I@Eﬁ)salkﬁl,(@ﬂhx)of 16
wherein the first{ antifungal nail coat c oslt on conprises, on a total 5
conposi t i orfatReKYit esterr Phargmsatically geseg epaércl: thrb%aB.tfa%fF? & about 0.5 to

about 1 weghla BER SRV Rty dicdliol Mlabhixriiehligbgm no) - pr opi onat e

hydr ochl ori naln er €thano
a film-forming amount of a hydrophilic polymer; and
15 a pharmaceutically acceptable, volatile organic carrier,

wherein the composition is in packaged form and provides a
substantially water-soluble, fungicidal coating on contacting a fungally susceptible or
infected nail for ameliorating or preventing fungal infection thereof.

20.  An article of manufacture comprising a kit containing the

20  packaged composition of claim 19.

21.  The antifungal nail coat composition of claim 1 wherein each
of the first and second antifungal coat composition are packaged individually.

22.  An article of manufacture comprising a kit containing at least
one of the packaged compositions of claim 21.

25 23.  The antifungal nail coat composition of any one of claims 1-2
wherein the antifungal agent is an allylamine.

24.  The antifungal nail coat composition of any one of claims 1-2
and 23 wherein the antifungal agent is terbinafine hydrochloride.

25.  The antifungal nail coat composition of any one of claims 1-2

30 and 23-24 wherein the hydrophilic polymer is selected from the group consisting of a

polymer comprising a vinylpyrrolidone monomer unit, a gum, and a resin.



19. A dual action antifungal nail coat conposition conprising: an effective
fungi ci dal anmobunt of an antifungal agent; 10 a substantially non-volatile,
per neati on enhancer selected fromthe group consisting of an N,N-di (G -Cs)
al kyl am no substituted, (C4-Cl3) al kyl (C2-Cl13) carboxylic ester or

phar maceutical |y acceptable acid additi48n salt thereof, a pharmaceutically
accept abl e al cohol, and m xtures thereof; a filmformng anmount of a

hydr ophi li ¢ pol yner; _and 5 a . pharmaceutical ly acceptable,_ vaolatile organic
carrier, wherein thé®conmd iaﬂilg‘ﬁg?@allﬁoﬁef@%é‘&oﬂﬁfﬂ’i‘)é?RF Hrdaimgds2 a
substanti a Vi = I I .Cl i lr:pg% i ngal |y
suscepti bl gh %%%Fﬁhgﬁéﬁ%ﬁgn@ﬁ@@? Igdrlrglﬁ {eror gﬁdﬁgg%?mg ve‘r?}'(f\1 %’ﬂrl]é;g? ﬁ%‘fg‘%

i nf ecti on whisdedte® fromimhandpatymercthereaf)afcapdlymer therepf,iandngompkéx cont ai ni ng
the 20 packa e%d conposition of claim19. 21. The antifungal nail coat
conpositi ofeEfolc| ai m 1 wherein each of the first and second anti fungal coat

conposi ki on are packaged i Qia}{i'ifl%ﬂgéllrﬁéﬂ cbdtc P'Eibh%kgn%rgf@fhlﬁiﬁa%.tluie

conprising a kit containing at least one o e packaged conpositions of

claim21. 26d 2326 Wieranthefhydgahilivapdlyroesis apolypyowilpyronidofe.any one of cl ai ns
1-2 wherein the antifung agent is gn allylam.ne. .24. The. anti fungal nail
coat conposition of ghy 0 e&ﬁ“@’(‘ﬁ‘?‘lﬁ’é“ fpgcoﬁwas12§nmg?yepr}f hplamsyly ungal
agent is tghpbRabiviiRrdl HeQaliQis fiEalksmv] hdViRg 2Mb kbR Galarta dioh®at conposi tion
of any one of clains 1-2 30 and 23-24 wherein the hydrophilic polyner is

sel ected fromthe grafp cdibsiastifungalofailzoatyompesition ofipny snewf daims 1-2

vi nyl pyrroli nomer, unit, .a gu and a resin. -42- 26. The anti fungal
nai | cﬁgt_ %%gg'éﬁ%ﬁe%fheawl%ﬁ%etg?nrg& aims 1-2 and 23-25 wherein the

hydrophi l'ic pol yner ggnpr iteanffurbiiaR}batontHeBitiol R afEsne ildimsqlect ed from
a honopol yner thereof, a copolyner thereof, and a conplex thereof. 5 27.

The anti f uagdR3-38iwheraim thecrnitifierngal agsnt isfresant, ome tefal eomyiosgion-veightnd 23- 26
wherein the, Y4 oRRbLS R MREe dFabduPRS XY hiibu: BY Wit $9R81t in the first
antifungal nail coat composition and in an amount in the range of about 0.1 to about
15 15 weight percent in the second antifungal nail coat composition.

31.  The antifungal nail coat composition of any one of claims 1-2
and 23-30 wherein the first antifungal nail coat composition comprises, on a total
composition weight basis, about 10 weight percent terbinafine in ethanol and the
second antifungal nail coat composition comprises about 20 parts by weight

20  polyvinylpyrrolidone, about 3 parts by weight terbinafine, and about 47 parts by
weight ethanol.

32. The antifungal nail coat composition of any one of claims 1-2
and 23-31 wherein, when present, the penetration enhancer is selected from the group
consisting of an N,N-di(C,-Cs) alkylamino substituted, (C4- Cig) alkyl (C,-Cig)

25  carboxylic ester or pharmaceutically acceptable acid addition salt thereof, a
pharmaceutically acceptable alcohol, and mixtures thereof.

33.  The antifungal nail coat composition of any one of claims 1-2
and 23-32 further including an anti-infective agent in either one of the first antifungal
coat composition and the second antifungal cbat composition.

30



28. The antifungal nail coat conposition of any one of clainms 1-2 and 23-25
wherein the carrier is an al kanol having 2 to about 5 carbon atons. 29. The
antifungal nail coat conposition of any one of clains 1-2 10 and 23-28
wherein the carrier is ethanol. 30. The antifungal nail coat conposition of
any one of clainms 1-2 and 23-29 wher ei%d -t he antifungal agent is present, on
a total conposition weight basis, in an anount in the range of about 0.5 to

about 20 weight percent in,the.first .antifungal. nail coat osition and
in an anount in the sgngequagﬁéﬂgad?ﬂ°P@“§ lufﬁoiﬁuﬁﬁ%ﬁﬁﬁ%gpéé%t in the
second_ ant ifhéRGthe %hheﬁ%tenﬁmilép@dd%pﬁés dﬁmyﬂﬁN@@Hhﬁ&ﬁ?ﬁbiﬁ’@' | coat
conposi tion of any one of clains 1- and 2330 wherein the first antifungal

nai | coat eopeowidhyitoddende. ses, on a total conposition weight basis, about
10 wei ght percent ter?inafhne ﬁﬁmetha al @nd th% s?cond an htun 3# nai |

coat conposition conpri sed PSABUNNGH HaL CPat GoMRASTIGR LT 3BY Ru ?19‘153' rol i done,
about 35 parrday theqetitatioRldahaati 36 maiete 3pBetizyHalcstdl hid BydecyB2GRINSt hanol .
32. The antifungal nail coat conposition of any one of clains 1-2 and 23-31
wher ei n, wdénetpylamétr) prefienatenet rati on enhancer is sel ected fromthe group
consisting of an NNN-di (Ci-Cs) al kylam no substituted, (C4- C 18) al kyl
(C2-C18) 25 carboxylic ester or pharmaceutically acceptable acid addition
salt thereof, a pharnaceutically acceptable alcohol, and m xtures thereof.
33. The antifungal nail coat conposition of any one of clainms 1-2 and 23-32
further including an anti-infective agent in either one of the first
antifungal coat conposition and the second antifungal coat conposition. 30
-43- 34. The antifungal nail coat conposition of any one of clains 1-2
wherein the perneation enhancer conprises dodecyl -2- (N, N-di net hyl am no)

propi onate hydrochloride. 35. The antifungal nail coat conposition of any
one of clains 1-2 5 wherein the perneation enhancer is a m xture of benzyl
al cohol and dodecyl - 2- (N, N- di net hyl am no) propi onate.





