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DESCRIPTION

PHARMACEUTICAL COMPOSITION FOR EXTERNAL USE

Technical Field

[0001] The present 1invention relates to a pharmaceutical

r_

composition for external use, and more particularly, to a
pharmaceutical composition for external use for treatment or
prevention of onychomycosis or hyperkeratotic trichophytosis.
Backgrouna Art

(0002} The Japanese archipelagoextends froma subtropical zone
to a temperate zone and has a warm climate high in humidity, which

1s liable to facilitate propagation of fungi such as molds. In

addition, duetowesternizationof clothes, people arenowaccustomed
to wearing shoes on feet. Accordingly, a foot serves as a favorable
environment for the propagation of the fungi, leading to mycotic
skin diseases that are serious social issues nowadays. Of those,

onychomycosis has a low complete cure rate and high relapsing and

reinfection rates. Therefore, an effective therapy has been
demanded.

Conventionally, treatments mainly using tolnaftate

formulations have been conducted on such diseases. In recent years,

imidazole-based antifungal agents, such as bifonazole and

l1traconazole, are mainly used.

As the 1midazole-based antifungal agents, there are
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commercially available imidazole-based antifungal agents such as

those represented by the general formula (1) described below,

specifically, luliconazole represented by the structural formula

(1) below and lanoconazole represented by the structural formula
(2) below. Theabove-mentionedluliconazole iscurrentlythe newest
imidazole-based antifungal agent, and a commercially available
product called "Lulicon" (registered trademark) is also present
(e.g., see Patent Document 1 and Patent Document 2).

The luliconazole isanimidazole-basedantifungal agent having

optical activity, and has a wide antifungal spectrum, in particular,

remarkableantifungal activityagainstdermatophytes. Inaddition,

the luliconazole is also characterized by having extremely high

retention property in the stratum corneum, and is a composition
thus expected for application to the treatment of onychomycosis.
However, nail acts as barrier to penetration of external materials
including chemical substances, antifungal agents hardly reaches
a region where the pathogenic fungi are present. Therefore, the
above-mentioned luliconazole alone is insufficient to exert effects
on the onychomycosis.

[0003] Ontheotherhand, asmeans for acceleratingpercutaneous

absorption of a material having antifungal activity, such as the

above-mentioned luliconazol, benzyl alcohol has been known to be

used as a penetration accelerator.

Further, in the field of antifungal agents, in addition to
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the above-mentionedbenzyl alcohol, means for facilitating the agent

to proceed into the nail have been known in the art, including:

a method of combining materials for softening the nail, such as

urea and salicylic acid (e.g., see Patent Document 3 and Patent
Document 4) ; amethodusing fattvacidester (e. g., see Patent Document

o and Patent Document 6); and a method of utilizing

absorption-promoting agents, such as higher alcohol, organic base,

dimethylformamide (DMF), and dimethyl sulfoxide (DMSO). However,
1n any of the cases, the effects were not sufficient.
10004 ] Further, as an attempt to treat onychomycosis by means

P

0L a compound represented by the general formula 1 below, a method

of forming a reservoir layer by combining a film-forming agent with
a polyoxypropylene/polyoxyethylene copolymer (e.g., see Patent
Document 9) has been developed, resulting in significant improvement
in effect thereof. However, when the nail becomes hard after
recovering from the onychomycosis to some extent, there is a

disadvantage in that a decrease in effect occurs.

[0005] [Chem 1]
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X

(where X represents a hydrogen atom or a chloride atom)

General formula (1)

[0006] [Chem 2]
\
)
\\/N S
NC :s
- Cl

Structural formula (1)

[0007] [Chem 3]
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[0008]
Patent
Patent
Patent
Patent
Patent
Patent
Patent

Patent

Cl

CA 02645058 2008-09-04

Structural formula (2)

Patent Document 1: JP 62-93227 A
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Disclosure of the Invention

10-226686 A
10-152433 A
10-226639 A
07-206711 A
96/11710
06-211651 A
2004-529923 A

03/105841

Problem to be solved by the Invention

[0009]

antifungal activity,

such as luliconazole,

percutaneous absorption,

As described above, 1t 1s known that a material having

has dij

fficulty in

and that benzyl alcohol or the like 1is

used as a penetration accelerator as means for accelerating the

percutaneous absorption.

However, the present inventors have found
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that in the above-mentioned lullconazole, the benzyl alcohol or

the like does not exert a sufficient effect of accelerating the

penetration.

The present 1nvention has been made based on the
above-mentioned finding, and therefore has an object to provide
a pharmaceutical composition for external use having excellent
penetration and absorption properties by finding out a factor that

inhibits the penetration and absorption properties of the

pharmaceutical composition for external usecontainingluliconazole
and/or a salt thereof, and developing means for eliminating the
inhibitory factor.

Means for solving the Problemnms

[0010] In consideration of the above-mentioned circumstances,

asaresult of intensive studies for findingout a factor that inhibits

the penetration-absorption of luliconazole and/or a salt thereof

into a living body, the present inventors have found that a fine

P

crystal of luliconazole 1s instantaneously precipitated when a

pharmaceutical preparation containing as effective components

luliconazole and/or a salt thereof is applied onto the living body,

and that the precipitation of the crystal i1inhibits the

penetration-absorption. Further, as a result of further intensive
studies, the present inventors have found that the precipitation
of thecrystal canbe suppressedbyanadditionof a-hydroxycarboxylic

acid and/or a salt thereof, such as lactic acid, thereby completing
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the present invention. In other words, the present invention 1s

as follows.
(1) Apharmaceutical composition for external use, 1ncluding:
(1) luliconazole represented by the following structural
formula (1) and/or a salt thereof; and

(11i) o~hydroxycarboxylic acid and/or a salt thereof.

(0011] [Chem 4]
\
N
\\/N S
NC :;
C) Cl
Structural formula (1)
[0012] (2) A pharmaceutical composition for external use
according to the above-mentioned item (1), in which the

a-hydroxycarboxylic acid 1is lactic acid, glycolic acid, or malic

acid.

(3) A pharmaceutical composition for external use according
to the above-mentioned 1tem (1) or (2), in which the

a-hydroxycarboxylic acid 1is lactic acid.

(4) A pharmaceutical composition for external use according

Ll

to the above-mentioned item (1) , further including benzyl alcohol.
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(95) A pharmaceutical composition for external use

according to the above-mentioned item (1), further including

diester of dibasic acid.

(6) A pharmaceutical composition for external use

according to the above-mentioned item (5), in which the diester
of dibasic acid is a diester of dibasic acid and alcohol

having 1 to 4 carbon atoms.

(7) A pharmaceutical composition for external use
according to the above-mentioned item (5), in which the diester
of dibasic acid 1is a diethyl ester or diisopropyl ester of

adiplic acid or sebacic acid.

(8) A pharmaceutical composition for external use

according to the above-mentioned item (1), further including

N-methyl-2-pyrrolidone.

(9) A pharmaceutical composition for external use

according to the above-mentioned item (1) to, which 1s provided

for treatment or prevention of onychomycosis.

(10) A pharmaceutical composition for external use

according to above-mentioned item (1), which 1s provided for

treatment or prevention of horny-outgrowing type hyperkeratotic

trichophytosis.

(11) A pharmaceutical composition for external use,

comprising: (1) luliconazole represented by the following

structural formula (1) and/or a salt thereof; wherein the

- G

composition comprises luliconazole in an amount of 0.5 to 15 %

by mass;
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ol Cl

Structural formula (1)

(11) 1 to 10 % by mass lactic acid and/or salt thereof; and
(111) ethanol, wherein the concentration of ethanol 1is

50 to 90 % by mass.

5 [0013] According to the present invention, it is possible to

develop means for suppressing a factor that inhibits the
acceleration of the penetration-absorption in an external

preparation contailning

8a
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a compound represented by the general formula 1 and/or a salt thereof

so as to provide an antifungal pharmaceutical composition excellent

in penetration—-absorption.

Brief Descraiption of the Drawilings

[0014] Fig. 1 1s amicrophotographicview of Lotion 4 of Example

4.

Fig. 2 1s a microphotographic view of comparative Lotion 4

of Example 4.

Fig. 3 1s a microphotographic view of comparative Lotion 5

of Example 4.

Fig. 4 1s a microphotographic view of Lotion 5 of Example 5.

Fig. 5 1s a microphotographic view of comparative Lotion 6
of Example 5.

Fig. 6 1is a microphotographic view of comparative Lotion 7
of Example 5.
Best Mode for carrying out the Invention

(0015] (1) Luliconazole and/or a salt thereof as essential

components of a pharmaceutical composition for external use
(hereinafter, referred to as pharmaceutical composition of the
present invention)

The pharmaceutical composition for external use according to

the present invention contains as essential components luliconazole

and/or a salt thereof (hereinafter, also referred to as luliconazole

or the like). The above-mentioned luliconazole is represented by
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the above-mentioned structural formula (1). The above-mentioned

luliconazole 1s a known compound represented by

(R)-(-)-(E)-[4-(2,4~-dichlorophenyl) -1, 3-dithiolan-2-iliden]-1-

imidazolyl acetonitrile. Its manufacturing method and the

antifungal properties are already known in the art. JP ©62-9322]

A (Patent Document 1 above) can be used as reference.

In addition, "salt thereof" is not specifically limited as
far as it is physiologically acceptable. Preferable examples
thereof include: mineral acild salts such as hydrochloride, nitrate,
sulfate, and phosphate; organic acid salts such as citrate, oxalate,
lactate, and acetate; and sulfuric acid-containing salts such as

meslilate and tosllate. In terms of safety and solubility,

hydrochloride 1s more preferable.

In the pharmaceutical composition for external use according
to the present invention, the content of luliconazole or the like
1s preferably 0.1 to 30% by mass, more preferably 0.5 to 15% by
mass in total with respect to the total amount of the pharmaceutical
composition. The content of luliconazole or the like can be

determined based on 1ts solubility and formulation characteristics.

[0016]) (2) a~hydroxycarboxylic acid and/or a salt thereof used
1n pharmaceutical composition for external use according to the
present invention

The pharmaceutical composition for external use according to

the present invention contains a-hydroxycarboxylic acid and/or a

10
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salt thereof (hereinafter, also referred to as a-hydroxycarboxylic

acldorthelike) asanessential component. Theoa~-hydroxycarboxylic

acid may be, for example, any of a-hydroxycarboxylic acids having

2 to 5 carbon atoms. Of those, lactic acid, glycolic acid, andmalic

acid can be preferablyexemplified. Inparticular, of those, lactic

acid 1s preferable. Further, those salts are not specifically

limited as far as they can be used for pharmaceutical preparations

and are physiologically acceptable. Preferable examples thereof
include: alkali metal salts, such as sodium salt and potassium salt;
alkaline earth metal salts, such as calcium salt and magnesium salt;

organlc amine salts, such as ammonium salt, triethylamine salt,

andtriethanol amine salt; andbasicaminocacidsalts, suchasarginine
salt and lysine salt. The pharmaceutical composition for external
use according to the present invention can contain only one kind
of those components or two or more in combination.

In the pharmaceutical composition for external use according
tothepresent invention, whenapplied, the component acts to suppress
crystallization and precipitation of luliconazole or the like on

the applied surface. Such an insoluble matter such as crystal or

preclpitation suppressing action allows luliconazole or the like

to be absorbed into the body without any interruption. Therefore,

the penetration-promoting agent, such as the benzyl alcohol, can

fully exert its function.

Such anaction cannot be sufficientlyattainedwith acids other

11
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than a-hydroxycarboxylic acids. For exerting such an action, the

content of o-hydroxycarboxylic acid 1in the pharmaceutical

composition for external use according to the present invention
1s 0.1 to 20% by mass, preferably 1 to 10% by mass in total with
respect to the total amount of the pharmaceutical composition. This

1s because the above-mentioned action may not be exerted 1f it is

too low, and the effect reaches the limit and may restrict the mixing
amounts of other components if it is too high.

Further, for exerting the 1nsoluble matter such as crystal
Oor precipitation suppressing action of luliconazole or the like
by the ao-hydroxycarboxylic acid or the like, the mass ratio of
x—hydroxycarboxylic acid or the like to luliconazole or the like
(i.e., oa~hydroxycarboxylic acid or the like / luliconazole or the
like) 1s preferably 0.1 to 10, more preferably 0.5to 5, particularly
preferably 0.8 to 2.

[0017] (3) Benzyl alcohol used in pharmaceutical composition

for external use according to the present invention
The pharmaceutical composition for external use according to
the present 1invention preferably contains benzyl alcohol. The

benzyl alcohol 1s already used as an additive in pharmaceutical

compositions and 1s commercially available, so it can be obtained

with ease. In the presence of the a-hydroxycarboxylic acid or the

like, thebenzyl alcohol exerts actions of suppressingprecipitation

of crystals of luliconazole or the like on a living body upon

12



CA 02645058 2008-09-04

OP-Ce061-PCT

pplication to also suppress i1inhibition of the penetration thereof

(1)

into the 1iving tissue, particularly into the nail. Therefore, the

comblnation of benzyl alcohol with o-hydroxycarboxylic acid
synergistically improves theorientationof agents tothenailmatrix.
For exerting such an action, the content of benzyl alcohol is
preferably 0.5 to 15% by mass, particularly preferably 1 to 10%
by mass with respect to the total amount of the pharmaceutical
composition. In other words, if the content‘of benzyl alcohol is
outside the above-mentioned range, luliconazole or the like may
be crystallized and precipitated at the time of application.
Therefore, as the crystallization and precipitation are suppressed
at the time of application, the benzyl alcohol fully exerts its
original effect of accelerating tissue penetration.
|0018] (4) Diester of dibasic acid used in pharmaceutical
composition for external use according to the present invention
The pharmaceutical composition for external use according to

the present invention preferably contains a diester of dibasic acid,

in particular, any of diesters of dibasic acids and alcohols having

1 to 4 carbon atoms. Examples of the dibasic acids include those

having 1 to 10 carbon atoms, preferably, adipic acid, sebacic acid,
oxalic acid, and carbonic acid. On the other hand, preferable

examples of the alcohols having 1 to 4 carbon atoms include methyl

alcohol, ethyl alcohol, propyl alcohol, isopropyl alcohol, butyl

alcohol, isobutyl alcohol, and tert-butyl alcohol. Alternatively,

13
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any of polyalcohols, such as ethylene glycol and propylene glycol

may be used as the alcohol having 1 to 4 carbon atoms.

Specifically, preferable examples of diesters of the
above-mentioned dibasic aclds include propylene carbonate, diethyl
adipate, diisopropyl adipate, diethyl sebacate, and diisopropyl
sebacate. Of those, diisopropyl adipate and diethyl sebacate are
particularly preferable. The pharmaceutical composition for
external use according to the present invention can contain a single
kind of those components or two or more in combination. In the
presence of the a-hydroxycarboxylic acid or the 1like, the component,
together with the benzyl alcohol and N-methyl-2-pyrrolidone
described later, exerts its actions of promoting penetration of
luliconazole or the like into the living tissue, particularly into
the nail. For exerting such an action, in the pharmaceutical
composition for external use according to the present invention,
the content of the component is preferably 1 to 30% by mass, more
preferably 5 to 15% bymass in total with respect to the total amount

of the pharmaceutical composition.

(00191 (o) N-methyl-Z-pyrrolidone used in pharmaceutical
composition for external use according to the present invention

The pharmaceutical composition for external use according to

the present invention preferably contains N-methyl-2-pyrrolidone.

The N-methyl-2-pyrrolidone is already used as an additive in

pharmaceutical compositions and is commercially available, so it

14
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canbeobtainedwithease. Inthepresenceofthea-hydroxycarboxylic

acid or the like, N-methyl-2-pyrrolidone, together with the benzyl
alcohol, diester of dibasic acid, or the like, exerts 1ts actions
of promoting penetration of luliconazole or the like into the 1living

tissue, particularly 1into the nail. For exerting such an action,

1n the pharmaceutical composition for external use according to

the present invention, the content of the component is preferably

1 to 15% by mass, particularly preferably 3 to 10% by mass with
respect to the total amount of the pharmaceutical composition.

N-methyl-2-pyrrolidone also has a function of preventing

luliconazole from being transformed into an isomeric form during

storage.

[0020] (6) Pharmaceutical composition for external use
according to the present invention

In the pharmaceutical composition for external use according
to the present invention, benzyl alcohol, diester of dibasic acid,

and N-methyl-2-pyrrolidone exert their respective synergetic

effects on the pharmaceutical composition for external use
containing luliconazole or the like and a-hydroxylic acid or the
like, so any one of those may be used in combination. However, they
have their own mechanisms to accelerate the penetration of the

pharmaceutical composition for external use containing luliconazole

or the like and a-hydroxylic acid or the like into the nail, so

1t 1s preferable that those compounds be used in a form of containing

15
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at least benzyl alcohol, more preferably a combination of two or
more 1n the formof containing at least benzyl alcohol, particularly
preferably in the form of containing benzyl alcohol, diester of
dibasic acid, and N-methyl-Z2-pyrrolidone. This 1s because the
benzyl alcohol provides the pharmaceutical composition for external
use contalning luliconazole or the like and a-hydroxylic acid or
the like with a significant synergetic effect

(penetration-accelerating effect). Further,

N-methyl-2-pyrrolidone also has a function of preventing
luliconazole or the like from being transformed into an isomeric

form during storage as well as a penetration-accelerating effect,

and the stability of the above-mentioned pharmaceutical composition
over time can be thus improved.

(0021] The pharmaceutical composition for external use
according to the present invention can contain any of components
commonly used 1n pharmaceutical compositions in addition to those

described above, as far as it does not impair the effects according

to the present invention.

Preferable examples of such components include: hydrocarbons
such as vaseline and microcrystalline wax; esters such as jojoba
oll, cetaceum, triacetin, triethyl citrate, and butyl acetate;
triglycerides such as beef tallow and olive o0il; higher alcohols
such as cetanol and oleyl alcohol; fatty acids such as stearic acid

and oleic acid; alcohols such as ethanol and isopropanol;

16
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polyalcohols such as glycerin and 1, 3-butanediol; water; non-ionic

surfactants; anionic surfactants; cationic surfactants; amphoteric

surfactants; thickeners such as polyvinyl pyrrolidone and carbopol;

preservatives; UV absorbers; antioxidants; pigments; and powders.

Those optional components and the above-mentioned component are

treated by common procedures, whereby a pharmaceutical composition

for external use according to the present invention can be produced.

The pharmaceutical composition for external use according to the
present 1invention 1is not specifically limited as far as it is
formulated into any of forms used for pharmaceutical compositions

for external use, and preferable examples thereof include lotions,

emulsions, gelatinizing agents, cream pharmaceuticals, aerosols,
nall enamel agents, and hide gel patches. Of those, the lotions
are most preferable. For stabilizing the clarity and color of
solution such as luliconazole, 50 to 90% by mass of ethanol is most
preferably contained.

[0022] The pharmaceutical composition for external use

according to the present invention is preferably used for treating
mycotic diseases or preventing progression of the diseases by using

characteristics of luliconazole or the like. The mycotic diseases

include: foot trichophytosis such as athlete's foot; trichophytosis
corporlis such as candida and pityriasis versicolor; and

trichophytosis on a hard keratin portion, such as onychomycosis.

Because of remarkable effects, it is particularly preferable to
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use the pharmaceutical composition for external use according to
the present invention for treating the hard keratin portion, such
as onychomycosis. In particular, the pharmaceutical composition

tforexternal use according to the present inventionexerts preferable

effects on the nail and such an effect is also exerted on typical
dermatomycosis. Therefore, the application of a pharmaceutical

composition forexternal useagainst dermatomycosis, whichsatisfies

the configuration according to the present invention, isalsowithin

the technical scope according to the present invention. Examples

of such dermatomycosis include trichophytosis such as foot

trichophytosis, particularly horny-outgrowing type hyperkeratotic
trichophytosis which appears on heels or the like. The present
1nvention has a significant effect on the horny-outgrowing type
hyperkeratotic trichophytosis, on which the conventional agents
hardlyexert theireffects, amongthe above-mentioned dermatomycosis,
which is preferable.

With regard to its use, for example, the pharmaceutical
composition is applied on a diseased portion one or several times

a day and the treatment is preferably carried out day after day.

In particular, for onychomycosis, luliconazole or the like, which

1s an effective component in an amount that cannot be attalined by
normal formulation, can be transferred into the nail. Therefore,
onychomycosis canbe treatedonlybythe external appllcationwithout

having to drink an antifungal agent over a long period of time.

18
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In addition, recurrence and reinfection have been a major problem

for onychomycosis. However, the recurrence and relnfection can be

prevented by administration of the pharmaceutical composition for

external use according to the present invention for 1 to 2 weeks
after abatement of the symptom. Therefore, the pharmaceutical
composition for external use according to the present invention
exerts preventive efficacy 1n this aspect.

Examples

[0023] Hereinafter, the present invention will be described
in more detail with reference to examples. However, the present

invention 1s not limited to those examples.

(0024] (Examples 1 to 3 and Comparative Examples 1 to 3)
Lotions 1 to 3 containing the pharmaceutical compositions
according to the present invention and Comparative Lotions 1 to
3 were prepared on the basis of the formulations shown in Table
1 below. That 1s, formulation components were dissolved by mixing
at room temperature while stirring, thereby preparing each lotion.

After the application of each lotion, the formulation-stabilizing

action thereof was investigated. In other words, one drop of each

of Lotions 1 to 3 and Comparative Lotions 1 to 3 was dropped on

a slide glass and then air-dried for five minutes, followed by

mlCroscopic observation to determine the degree of insoluble matter

such as crystal or precipitation.

(0025] [Table 1]
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ik

willar

% by mass

Components Lotion 1 I-_.otion . Lot;on 3 Compa.rative mConTpa‘ra‘Eﬂive Compa.rative
Lotion 1 Lotion 2 Lotion 3
Luliconazole 1 ! 3 ] S 1 3 N
Lactic acid 1 4 8 ) i -~ ] B -
Ethanol 98 93 | 87 99 97 95
Total 100 100 100 100 100 100
insoluble
mALEQE Such as N/A N/A N/A Detected Detected Detected
crystal or
precipitation 3 B I L
[00206] (Example 4 and Comparative Examples 4 and 5)

Lotion 4 containing the pharmaceutical compositions according

to the present invention was prepared on the basis of the formulation

shown 1in Table 2 below.

That 1is,

formulation components were

dissolved by mixing at room temperature while stirring, thereby

preparing Lotion 4.

[0027]

Compghents

Lulilconazole

| Table 2]

Benzyl alcohol

Lactic acid

Ethanol

10028

In the formuls

tion of Example 4, Comparative Lotion 4

(Comparative Example 4) inwhich lacticacidwas replacedwithethanol

and Comparative Lotion 5 (Comparative Example 5) in which lactic

acid was replaced with phosphoric acid were prepared, respectively.

Subsequently, those lotions as well =

for their formulation-stabilizing actions after application.

s Lotion 4 were investigated

In

other words, one drop of each of Lotion 4, Comparative Lotion 4,
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and Comparative Lotion 5 was dropped on a slide glass and then
alr-dried for five minutes, followed by microscopic observation
Lo determine the degree of insoluble matter such as crystal or
precipitation. The degree of insoluble matter such as crystal or
precipitation was calculated as an area ratio of a preciplitated
crystal to the area of one microscopic view field (means of three
view fields). The results were 0% in Lotion 4, 11% in Comparative
Lotion 4, and 9% in Comparative Lotion 5, respectively. Figs. 1
Lo 3 show microscopic photographs of Lotion 4, Comparative Lotion
4, and Comparative Lotion 5, respectively. Accordingly, it is found
that Lotion 4, which contains the pharmaceutical composition

according to the present invention, is suppressed in its insoluble

matter such as crystal or precipitation on the applied surface.

Further, for Lotion 4 and Comparative Lotion 4 described above,

the amount of agent that has penetrated through the nail was measured.

In other words, front and back sides of a piece of a human nail

were sandwliched by polytetrafluoroethylene plates provided with

O-shaped rings (2 mm in inner diameter), and the plates were then
fixed on Franz cells (open-top cells, Central Riken K.K. ) ,

respectively. Agar was injected into the cell on the backside of

the nail and then fixed, followed by applying 0.5 pL of the sample
in the O-shaped ring on the cell on the front side of the nail.
The application was performed once a day for three days. After 24

hours from the last application, the nail in the O-shaped ring was
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punched out and luliconazole was then extracted with methanol. The

extract was determined for the amount of luliconazole in the nail

byahigh-performanceliquidchromatographicmethod. Consequently,

the amount of agent that has penetrated through the nail with respect

to Comparative Lotion 4 was 0.60 when the amount of agent that has

penetrated through the nail with respect to Lotion 4 was 1 (the
amount of agent that has penetrated through the nail with respect

to Lotion 4 was 1.67 when the amount of agent that has penetrated

through the nail with respect to Comparative Lotion 4 was 1).
[0029] (Example 5 and Comparative Examples 6 and 7)

According to Table 3 below, Lotion 5 was prepared in a manner

similar to that of Example 4. In the formulation of Example 5,

Comparative Lotion 6 (Comparative Example 6) in which lactic acid

was replaced with ethanol and Comparative Lotion 7 (Comparative

Example 7) in which lactic acid was replaced with phosphoric aid

were prepared, respectively. Subsequently, each of those lotions
as well as Lotion 5 were subjected to a calculation of a ratio of
crystalline areas in a manner similar to that of Example 4. The
results were 0% in Lotion 5, 4% in Comparative Lotion 6, and 7%

in Comparative Lotion 7, respectively. Figs. 4 to 6 showmicroscopic

photographs of Lotion 5, Comparative Lotion 6, and Comparative Lotion

/, respectively. Here, the effects of the present i1nvention were

also recognized.

[0030] [Table 3]
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Components s by mass
Luliconazole

Dilsopropyl _a_éi_p_g}e B

Lactic acid

e oy

Ethanol
Total 100
[0031] (Examples 6 and 7 and Comparative Example 8)

According to Table 4 below, Lotion 6 (Example 6) was prepared

in a manner similar to that of Example 4. In the formulation of

Example 6, Lotion 7 (Example 7) 1n which benzyl alcohol of Lotion

6 was replaced with ethanol and Comparative Lotion 8 (Comparative

Example 8) 1n which benzyl alcohol and lactic acid of Lotion 6 were
replaced with ethanol were prepared, respectively. They were
subjected to measurement of the amount of agent that has permeated
through the nail 1n a manner similar to that of Example 4.

Consequently, the amount of agent that has penetrated through the

nail with respect to Lotion 6 was 6.30 when that of Lotion 7 was

1 (the amount of agent that has penetrated through the nail with

gror
—

respect to Lotion 6 was 58 nug per 1 cm’® of the nail, while that of

Lotion 7 was 9.2 ug), while the amount of agent that has penetrated

through the nail with respect to Comparative Lotion 8 was 0.61.

In other words, it is found that the addition of lactic acid alone

and the addition of both lactic acid and benzyl alcohol lead to

1.65-and 10.40-fold increase in penetrability of luliconazole into

the nail. In consideration of those results together with those

of Example 4 described above, it is found that in the pharmaceutical
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composition of the present invention, a penetration-accelerating

n original

()

agent such as benzyl alcohol exerts

penetration-accelerating effect. Therefore, it is also found that
the pharmaceutical composition of the present invention preferably
contains such a component. Herelnafter, as an indicator for
penetration-absorption, the amount of agent that has penetrated
through the nail with respect to each sample when that of the control

samples suchasLotion7islisreferredtoas "penetration-absorbance
ratio".

[0032] [Table 4]

Luliconazole
Benzyl alcohol
Ethanol |
Lactic acid ) | 1

—— 5 -~ —,

Polyvinylnbyf}ofiddﬁe 0.5

Total ] 100

I Lo
4

“ i - |

[0033] (Examples 8 to 13)

According to Table 5 below, Lotions 8 to 13 containing the

pharmaceutical composition of the present invention were prepared

1n a manner similar to that of Example 4. They were subjected to
measurement of the amount of agent that has penetrated through the

nail 1n a manner similar to that of Example 4. Consequently, the

amount of agent that has penetrated through the nail

(penetration-absorbance ratio) with respect to each of Lotions 8

to 13 when the amount of agent that has penetrated through the nail

24



CA 02645058 2008-09-04

OP-Co061-PCT

with respect to Lotion 7 was 1 was determined. The results are shown
in Table 6. It is found that the pharmaceutical composition of the
present invention preferably contains diester of dibasic acid, such
as diisopropyl adipate. Any of those 1s known as a component for

accelerating percutaneous absorption in dermal external

preparations or the like. As for the penetration of luliconazole
through the nail, 1n particular, 1t is found that diester of dibasic

acid showed significant efficacy.

[(0034] [Table 5]

Components 5 by mass

Luliconazole ) 1

Component shown in Table 6 [ 10

Ethanol o ) | _87.9

Lactic acid = L ] | 1

Polyvinyl pyrrolidone 0.5

Total 100

[0035] {Table 6]

ratio

Lotion 8 . Diisopropyl adipate 2.7 B
Lotion 9 Trans-cinnamic acid 1.53 |
Lotion 10 Propylene glycol 1.26 _ !
Lotion 11 Eugenol 1.11
- — — - |
Lotion 12 Trimethylphenol 1.70
Lotion 13 Octyldodecanol . 2.14 | 1 I

(0030] (Examples 14 and 15)

According to Table 7 below, Lotion 14 containing the

pharmaceutical composition of the present invention was prepared

1n a manner similar to that of Example 4. Simultaneously, Lotion
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15, 1n which benzyl alcohol of Lotion 14 was replaced with ethanol,

was also prepared. Subsequently, the measurement of the amount of
agent that has penetrated through the nail was carried out by the
method described 1n Example 4 to obtain the amount of agent that
has penetrated through the nail (penetration—-absorbance ratio) with
respect to each of Lotions 14 to 15 when the amount of agent that

has penetrated through the nail with respect to Lotion 7 was 1.
The penetration-absorbance ratio of Lotion 14 was 14.88 and the

penetration-absorbanceratiooflLotionl5was4.19. Fromtheresult,

it 1s found that in the pharmaceutical composition of the present

invention, luliconazole is increased in penetrability through the
nail by propylene carbonate. In addition, it is also found that

the addition of benzyl alcohol leads to a 3.55-fold increase in

penetrability.
(00371 [Table 7]
Components - s by mass
Luliconazole ! ] 1
Propylene carbonate | 10
| Ethanol ) | 83.5
Benzyl alcohol i
| Lactic acid l 1
Polyvinyl pyrrolidone 0.5
Total o 100
(0038] (Examples 16 and 17)

According to Table 8 below, Lotion 16 containing the

pharmaceutical composition of the present invention was prepared
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1n a manner similar to that o:

T Example 4. Simultaneously, Lotion

17, 1in which N-methyl-4-pyrrolidone of Lotion 16 was replaced with

ethanol, was also prepared.

Subsequently, the measurement of the

amount of agent that has penetrated through the nail was carried

out by the method described in Example 4 to obtain the amount of

agent that has penetrated through the nail (penetration-absorbance

ratlo) wlith respect to Lotion 16 when the amount of agent that has

penetrated through the nail with respect to Lotion 17 was 1. The

penetration—-absorbance ratio of Lotion 16 was 4.12, and further

acceleration of agent penetrability as compared with that of Lotion

17 1nwhich the penetrabilityof agent through thenail is accelerated

by a combination of benzyl alcohol, diisopropyl adipate, and lactic

acid was obtained. Therefore, an excellent effect of the addition

P

found that a particularly prefers

of N-methyl-Z2-pyrrolidone was recognized. In other words, it is

ble mode of the pharmaceutical

composition of the present invention contains lactic acid, diester

of dibasic acid, benzyl alcohol,

[0039] [Table 8]

and N-methyl-2-pyrrolidone.

Components 3 by mass

Luligonazole

N—methyl—Z-nyfolidone

Ethanol

LLactic acid

Benglla%éohol-

DiiSOprppylﬁadiéqper

Polyvinyl pyrrolidone
Total
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(0040] (Example 18)

According to Table 9 below, Lotion 18 containing the
pharmaceutical composition of the present invention was prepared
1n a manner similar to that of Example 4. The measurement of the
amount of agent that has penetrated through the nail was carried
out by the method described 1n Example 4 to obtain the amount of

agent that has penetrated through the nail (penetration-absorbance

ratio) with respect to Lotion 18 when the amount of agent that has
penetrated through the nail with respect to Lotion 7was 1, resulting

1n a penetration-absorbance ratio of 3.03. It is found that the

pharmaceutical compositionof the present inventionhas anexcellent

penetration-accelerating action. Even in the absence of benzyl
alcohol, a combination of N-methyl-2-pyrrolidone and diisopropyl

adipate allows an increase in permeability through the nail.

10041] [Table 9]

Components
Luliconazole

N—methyl—?—pyrroli@oﬁé
Diisopropyl adipate

Ethanpl
LactiqLacid

W

Polyvinyl pyrrolidéng

[0042] (Example 19)

According to Table 10 below, Lotion 19 containing the

pharmaceutical composition of the present invention was prepared

28



CA 02645058 2008-09-04

OP-Co061-PCT

in a manner similar to that of Example 4. The measurement of the

amount of agent that has penetrated through the nail was carried

out by the method described in Example 4 to obtain the amount of
agent that has penetrated through the nail (penetration-absorbance
ratio) with respect to Lotion 19 when the amount of agent that has

penetrated through thenail with respect to Lotion 7was 1, resulting

in a penetration-absorbance ratio of 2.49. It 1s found that the
pharmaceutical composition of the present invention has anexcellent
penetration—-accelerating action. Even 1n the absence of
N-methyl-2-pyrrolidone, a combination of benzyl alcohol and

dilsopropyl adipate allows an increase in penetrability through

the nail.

[0043] [Table 10]

Components % Dy mass
Luliconazole

e i

Benzyl alcohol
DllsOpropyl adlpate

pthanol

Lactlc aC1d

Polyvinyl pyrrolidone :
Total 100

(0044 ] (Example 20)
According to Table 11 below, Lotion 20 containing the

pharmaceutical composition of the present invention was prepared

1n a manner similar to that of Example 4. The measurement of the

amount of agent that has penetrated through the nail was carried
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out by the method described in Example 4 to obtain the amount of
agent that has penetrated through the nail (penetration-absorbance
ratlo) with respect to Lotion 20 when the amount of agent that has

penetrated through thenail with respect to Lotion 7was 1, resulting

1in a penetration—-absorbance ratio of 2.49. It is found that the
pharmaceutical composition of the present inventionhas anexcellent

penetration—-accelerating action. This result 1ndicates that

diisopropyl adipate can be replaced with diethyl sebacate and the

result of diisopropyl adipate can be applied to generally all of

dibasic acid diesters.

[0045] [(Table 11]

Components - % by mass
Luliconazole 1
Benzyl alcohol _ | O _
Diethyl sebacate B 10
Ethanol ] 79.5
Lactic acid : L__ -'_ i __:‘@ _
Polyvinyl pyrrolidone 0.5

100

(0046] (Example 21)
According to Table 12 below, Lotion 21 containing the

pharmaceutical composition of the present invention was prepared

1n a manner similar to that of Example 4. The measurement of the

amount of agent that has penetrated through the nail was carried

U ) |

out by the method described in Example 4 to obtain the amount o:

agent that has penetrated through the nail (penetration-absorbance
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ratio) with respect to Lotion 21 when the amount of agent that has
penetrated through the nail with respect to Lotion 7was 1, resultling
in a penetration-absorbance ratio of 2.34. It 1s found that the

pharmaceutical composition of the present invention has anexcellent

penetration—-accelerating action. In the  pharmaceutical
composition of the present invention, 1t can be seen that the

penetration-accelerating effect by the solvent appears clearly.

(0047 ] [Table 12]

Luliconazole - 1
Benzyl alcohol i | -5
Triacetin 10
Ethanol . 79.5
Lactic acid ‘“ 4
Polyvinyl pyrrolidone 0.5
Total 100
[0048] (Example 22)

According to Table 13 below, Lotion 22 containing the
pharmaceutical composition of the present invention was prepared
1n a manner similar to that of Example 4. The measurement of the
amount of agent that has penetrated through the nail was carried
out by the method described in Example 4 to obtain the amount of
agent that has penetrated through the nail (penetration-absorbance
ratio) with respect to Lotion 22 when the amount of agent that has

penetrated through the nail with respect to Lotion 7was 1, resulting

1n a penetration-absorbance ratio of 2.05. It is found that the
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pharmaceutical composition of the present invention has an excellent

penetration-accelerating action. In the pharmaceutical

composition of the present invention, it can be seen that the

penetration-accelerating effect by the solvent appears clearly.

[0049] [Table 13]

Luliconazole ) | 1 -
Benzyl alcohol _ 0
Triethyl citrate 10
Ethanol ’ 79.5
Lactic acial_ ' ) 4“ " 4H-
Polyvinyl pyrrolidone 0.5
Total 100
[0O050] (Example 23)

According to Table 14 below, Lotion 23 containing the
pharmaceutical composition of the present invention was prepared
1n a manner similar to that of Example 4. The measurement of the

amount of agent that has penetrated through the nail was carried

out by the method described in Example 4 to obtain the amount of

gent that has penetrated through the nail (penetration-absorbance

)

ratio) with respect to Lotion 23 when the amount of agent that has

penetrated through thenail with respect to Lotion 7 was 1, resulting

in a penetration-absorbance ratio of 1.68. It is found that the

pharmaceutical composition of the present invention has an excellent

penetration-accelerating action. In the  pharmaceutical

composition of the present invention, it can be seen that the
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penetration-accelerating effect by the solvent appears clearly.

(0051 ] [Table 14]

Comébnents s by mass

Luliconazole
Benzyl alcohol
Butyl acetate ! _ |
Ethanol o - ) . ] .
Lactic acid 4
Polyvinyl pyrrolidone 0.5

Total B 100

—_— - -

[0052] (Example 24)
According to Table 15 below, Lotion 24 contalning the

pharmaceutical composition of the present invention was prepared

in a manner similar to that of Example 4. The measurement of the
amount of agent that has penetrated through the nail was carried
out by the method described in Example 4 to obtain the amount of

agent that has penetrated through the nail with respect to Lotion

24, resulting in 260.3 pg/cm®. It is found that the pharmaceutical
composition of the present invention has an excellent

penetration-accelerating action.

[0053] [Table 15]

Luliconazole L 1
N-methyl-Z2-pyrrolidone ‘ 8
Benzyl alcohol 4
Diisopropyl adipate l 10
Ethanol | 72.5
Lactic acid , 4
Polyvinyl pyrrolidoné___'l 0.5
Total 100
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Industrial Applicability

According to the present inventlon, 1t becomes possible to
provide a pharmaceutical composition for external use having an
excellent penetration-absorption of luliconazole and/or a salt

thereof.
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CLAIMS:

1. A pharmaceutical composition for external use,

comprilsing:

(1) luliconazole represented by the following

structural formula (1) and/or a salt thereof; wherein the

Q

composition comprises luliconazole in an amount of 0.5 to 15 %

by mass;

cl Cl

Structural formula (1)

(1i) 1 to 10 % by mass lactic acid and/or salt

thereof; and

g

(111) ethanol, wherein the concentration of ethanol

1s 50 to 90 % by mass.

2. The pharmaceutical composition for external use

=

according to claim 1, wherein the ratio of lactic acid to

luliconazole is 0.1 to 10.

3. The pharmaceutical composition for external use

P

according to claim 1 or 2, wherein the ratio of lactic acid to

luliconazole 1s 0.5 to 5.
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4. The pharmaceutical composition for external use
according to any one of claims 1 to 3, wherein the ratio of

lactic acid to luliconazole is 0.8 to 2.
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