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\vlethed of treanng alopecia

A healthy, thick and uniform hair growth on the scalp is generally considered an

important aesthictic aspect of the numan tedy. The loss of hair or any imperfection in

the quality ot the hair is consequently ofien experienced a very undesirable feature of
one's physical annearance,

’*1

The fact that a majority of the male nopulation is geneticallv predisposed to lose

arnn ) - A | - . .
progressively 13 halr and e lmoviadgs that surment modes of weamnent are very few,

with a low number of individuals effectvely responding to the reatment, more than
amply illustrate the scope and magnitude of the problems involved and the need for

addinonal therapies effective in reversing, arresting or retarding loss of hair and
improving the quality of hair.

It has now been found that ketoconazole can effectively reverse, arrest or retard the

loss of hair as experienced in alopecia and further, that ketoconazole does have a
beneficial effect on the quality of hair.

The present inventon is concerned with a method of wreating individuals suffering
from alopecia, said method comprising administering to said individuals the compound
ketoconazole or a pharmaceutically acceptable acid addition salt thereof, in an amount
effective in reversing, arresting or retarding said alopecia. Further, the present invention
also 1s concerned with a method of treating individuals having an inferior quality of hair,
said method comprising administering to said individuals the compound ketoconazole or

a pharmaceutically acceptable acid addition salt thereof, in an amount effective in
amelioraning the quality of hair.

Ketoconazole as mendoned hereinabove is the generic name of the compound
(¥)-cis-1-acetyl-4-{4-[{2-(2,4-dichlorophenyl)-2-(1H-imidazol- 1-ylmethyl)-1,3-dioxo-
lan-4-yl)methoxy]phenyl]piperazine, which may be represented by the formula
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The compound ketoconazole used in the method of the present invention is a known

antifungal agent and its preparation as well as its pharmacological properties are
described in US-4,335,125.

The compound ketoconazole can be used as such or In a pharmaceutically acceptanie
acid addition salt form, the latter being conveniently obtained by treating the base form
with an appropriate acid. Appropriate acids comprise, for example, inorganic acids such
as hydrohalic acids, e.g. hydrochloric or hydrobromic acid; sulfuric acid; nitmic acid:
phosphoric acid and the like: or organic acids, such as, for example, acetic, propanoic,
hydroxyacetic, 2-hydroxypropanoic, 2-oxopropanoic, ethanedioic, propanedioic,
butanedioic, (Z)-2-butenedioic, (E)-2-butenedioic, 2-hydroxybutanedioic,
2,3-dihydroxybutanedioic, 2-hydroxy-1,2,3-propanetricarboxylic, methanesulfonic,
ethanesulfonic, benzenesuifonic, 4-methylbenzenesulfonic, cyclohexanesulfamic,
2-hydroxybenzoic, 4-amino-2-hydroxybenzoic and the like acids.

the compound ketoconazole and its acid addition salts are able to form. Examples of
such solvates are e.g. the hydrates, alcoholates and the like.

The term alopecia as used herein is meant to compnse the loss of hair from the scalp
but also from the beard in humans. More in partucular, the term alopecia relates to
éndrogcnctic alopecia or male pattern alopecia (baldness) which is characterized by the
progressive, diffuse, symmetrical loss of hair from the scalp, typically starts at the

frontal end of the scalp and gradually spreads to the vertex, ultimately leaving only a
sparse peripheral band of hair covering the temples and occiput.

Since alopecia is a condition which at present can hardly be treated at all, the present
finding that ketoconazole may effectvely be emploved in treating individuals sufferin g
from alopecia, more in particular individuals with early androgenetic alopecia, is
surpnising. In this regard the term etfectively means that treatment with ketoconazole
results in the reversal, the arrest or the retardation of loss of hair and in the improvement
of the quality of hair, in particular of the thickness of hair as can be gauged by



WO 92/00057 PCT/EP91/01136

10

15

20

o
h

35

-3

2082505

measuning the calibre of the hairs. The term early androgenetic alopecia means male
pattern baldness classified as type I, II, III, IV or V on the Hamilton scale.

The term quality of hair as used herein relates to desirable physical propertes of hair
such as strength, thickness, density, uniformity and sensibility of hair. Inferior Sirengin
may manifest itself, for example, by splitting or by breaking. The thickness of a hair
most commonly 1s expressed by its diameter or calibre. Density is meant to define the
number of hairs per unit area, whereas uniformity relates to the constancy or gradual

change of said density in contiguous areas of the scalp. Sensibility of hair refers to the
presence of tactile sense in hair.

The compound ketoconazole and its acid addidon salts used in the methods of the
present invention are most preferably applied to the affected areas of the scalp or beard
in the form of appropriate compositions, in particular compositions usually emploved
tor the topical administration of drugs or cosmetic compositions. Said compositions
contain the active ingredient ketoconazole, preferably in a 0.1 to 3% concentration
(weight by volume), and any known dermatologically acceptable carrier and may takea
wide variety of forms such as, for example, liquid forms, e.g. solutions, or suspensions
In aqueous or oily mediums; or semi-liquid formulations, e. g. creams, hydrogels, gels,
pastes, ointments, salves, tinctures and the like.

Other such compositions are preparations of the cosmetic type, such as toilet waters,
packs, lotions, skin milks or milky lotions and shampoos. Said preparations contain,
besides the active ingredient ketoconazole, components usually employed in such
preparations. Examples of such components are oils, fats, waxes, surfactants.
humectants, penetration enhancing agents, thickening agents, lipid absorbents, ant-
oxidants, viscosity stabilizers, chelating agents, buffers, preservatives, perfumes,
dyestuffs, lower alkanols, and the like. If desired, further active in gredients may be
incorporated in the compositions, e.g. antiinflammatory agents, antibacterials,
antifungals, disinfectants, vitamins, sunscreens, antibiotics or anti-dandruff agents.
Interesting compositions for use in the methods according to the present invention are

lotions and shampoos, typically containing from 0.2 to 2.5%, in particular 2%
ketoconazole.

The lotions mentioned hereinabove are novel and have been especially developed for
use 1n the methods of the present invention. Typically such lotions comprise 0.2 to
2.5%, in particular about 2% (w/v) of the active ingredient ketoconazole: propylene
carbonate in an amount of from 20 to 40%, in particular from 20 to 30%, more in
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particular about 25% (w/v); ethanol in an amount of from 25 to 55% in particular from
25 10 35%, more in particular about 28% (w/v): opuonally any other components as
defined hereinabove and usuaily ermployed in similar compositions; the remainder of the
lonon being water.

Particular instances of the aforementioned preparanons are those which comprise a
cycledextrin or a derivative tiereor. 3aid CyCiogexain or cerivative thereot defines the
topically acceptable unsubstituied and subsiituied ¢veicdextring known in the ar, in
particular -, 3- or yeveiodexiriag and the derivaiives thersor. such as ethers,

10 polyethers, mixed stiiers.

To prepare said cyclodexioia Sosed Jommuliations, Keicconazoic is added to a solution
of the cyclodexirin in water, preferably under vigorous stirmning, and then adding the
remainder of the ingredients. In the final anmmacisang *ha amavar af tveledextin is

15  about 2 t0 40%, in namicular aboy
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Other particular compositdons for use in the methods of the present invention are
those wherein the active ingredient ketoconazole is formulated in liposome-containing
compositions. Different types of liposomes may be employed such as coarse

20  (multilayer) liposomes or unilamellar liposomes and the like, which are formed, for
example, with phosphatidyl cholines, ethanolamines, senines, sphingomyelins,
cardiolipins, plasmalogens, phosphatidic acids, cerebiosides and the like. The VISCOsity
of the liposomes can be increased by addition of cne or more thickening agents such as
xanthan gum, hydrexypropy! cellulose, hydroxypropyl methyl cellulose and mixtures

25  thereof. The aqueous component may consist of water optionally in admixture with
electrolytes, buffers and other ingredients such as preservatves. Preferred electrolytes
are calcium, sodium and potassium chloride. The organic component may consist of a
solvent such as ethanol, glycerol, propylene glyccl. a polyethylene glvcol and a suitable

~ phopholipid such as, lecithin, phosphatidyl choline, phosphatidyl ethanolamine,

30  phosphatidyl serine, phosphatidyl inositol, lysophosphatidyl choline, phosphatidyl
glycérol and the like. Other lipofilic additives which may be added to selectively modify

the characteristics of the liposomes are, e. g. stearylamine, phosphatdic acid,
tocopherol, cholesterol, lanolin and the like.

35 For preparing ointments, creams, toilet waters. skin milks. and the like, typically
from 0.1 to 10% in particular from 0.1 to 5% and =ore in particular from 0.2 10 2.5%
of the active ingredient ketcconazole optionally in an acid addition form. is combined in
intimate admixrure with a skin-and-hair acceptable carrier. For the ease of preparing
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high-quality compositions finely divided particles, preferably micronized particles of the
active ingredient ketoconazole and optionally of other solid components, are employed.
In ointments or creams, the carrier for example consists of 1 to 20%, in particular 3 to

15% of a humectant. 0.1 to 10% in particular from 0.3 10 5% of a thickener and water:
or said carrier may cansist 07 7000 88, in anmioular 20 w0 3% of a surfactant, and 0

4l \.-

~ 1

to 20%, in particular 2.3 t0 15% o1 a 7at; or 80 to $5.5% in particular 90 to 99% of a
thickener: or 5 to 13% of a surfactant. 2-13%% of a2 humscant. O to 80% of an oil, very
small (<2%) amounts of preservaiive, colouring agent and/or perfume, and water. Ina
tollet water, the carrier for example consists of 2 10 0% of a lower alcohol, 0.1 to 10%

or 1n parucular 0.5 to 195 of a surfaciaat. i w 20%. w pacticular 3 to 7% of a humectant,
0 to 5% of a buffer. water and staall amonaes (<2 of nesservative, dvestaff and/or

*

perfume. In a skin milk, the carrier tvoically consists of 10-30% of oil, 1 to 10% of
surfactant, 50-80%% of water and € t¢ 3 of ~razerandve wndlor nerfume. Cther active

ingredients may o¢ Incorporaied at dos

(s
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TANZHIE oI UL o 10 0.5%, paracularly
from 0.01% to 0.1%. In the aforementioned preparations, all ¢ symbols refer to
weight by weight percentage. The humectant, surfactant, oil, other active ingredient,
etC... referred to in said preparations may be any such component used in the
pharmaceutical or cosmetic arts. Further, when in the above compositions one or more
of the components make up the major part of the composition, the other ingredients can

evidently be not present at their indicated maximum concentration and therefore will
make up the remainder of the composition.

In many of the foregoing compositions it is advantageous to use micronized forms
of ketoconazole, i.e. material having an average particle size of less than 10 microns
since the high surface area will facilitate the dissolution.

The liquid fomulations mentioned nereinpefore may be packaged advantageously in
any dosage dispensing device adapted for topical administration. In particular the present
formulations, and especially the novel lotions described hereinabove may be applied as

aerosois, e.g. by using an inert compressed gas as a propellant such as nitrogen or
carbon dioxide, or alternatively by using a pump spray.

A preferred device for use according to the present invention comprises an atomizer
or sprayer comprising a lotion as defined herinabove and carbon dioxide as a propeliant.

In sull a further aspect of the present invendon there is provided the use of the
compound ketoconazole as defined above, for the manufacture of a medicament for
reversing, arresting or retarding alopecia, or for improving the quality of hair.
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The ketoconazole containing compositions are apphed topically to the area to be
treated at regular intervals, as needed or convenient, e.g. at each washing occasion or
thereafter. The duration of the treatment will depend upon the nature, extent and

severity of the condition to be treated, as well as the frequency of application of the

compositon. No special precautions are needed other than those typical precautions
which normally apply when administerin g drugs to the skin or hair.

Examples
A. Composition examples

nple 1 : Ketoconazole 2% cream

Ketoconazole 20 mg
propviene glvcol 200 mg
stearvl alcchol 73 mg
cetyl alcohol 20 mg
sorbitan monostearate 20 mg
polysorbate 60 | 15 mg
1sopropyl myristate 10 mg
sodium sulfite anhydrous 2 mg
polysorbate 80 1l mg
purified water q.s. ad 1g

Stearyl alcohol, cetyl alcohol, sorbitan monostearate and 1Sopropyl myristate are
introduced into a doublewall jacketed vessel and heated until the mixture has completely
molten. This mixture is added to a separately prepared mixture of purified water,
propylene glycol and polysorbate 60 having a temperature of 70 to 75°C while usin ga
homogenizer for liquids. The resulting emulsion is allowed to cool to below 25°C while
conunuously mixing. A solution of ketoconazole, polysorbate 80 and purified water
and a solution of sodium sulfite anhydrous in purified water are next added to the

emulsion while continuously mixing. The cream is homogenized and filled into suitable
tubes.

X 2 : 2% topical &
ketoconazole 20 mg
hydroxypropyl B-cyclodextrine ~ 200 mg
propylene glycol 50 mg

ethyl alcohol 95% (v/v) 50 mg
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carrageenan PJ
hydrochloric acid

10 mg

q.s. until solution
scdium hydroxide g.s. ad pH 6.0

purnified water q.s.ad 1 g.

N

M f Pr agon

To a solution of hydroxypropyl B-cyclodextrine in purified water is added ketoconazole

while surring. Hydrechloric acid is added until complete solution and then sodium

hydroxide is added until pH 6.0. This solution is added to a dispersion of carrageenan
10 PJin propylene glycol while mixing. While mixing slowly the mixture is heated to 50°C

and allowed to cool to about 35°C whereupon the ethyl alcohol is added. The rest of the
purified water is added and the mixture is mixed until homogeneous.

15 Ketoconazole 20 mg
hydroxypropy! B-cyclodextrine 200 mg
mineral oil 100 mg
stearyl alcohol 20 mg
cetyl alcohol 20 mg
20 glycerol monostearate 20 mg
glycerol 50 mg
sorbate 60 | 15 mg
polysorbate 60 35 mg
nydrochloric acid gq.S. until solution
25 sodium hydroxide q.s. ad pH 6.0
purified water q.s.ad 1 g.

Method of Preparation

To a soluton of hydroxypropyl B-cyclodextrine in purified water is added ketoconazole
30  while stirring. Hydrochloric acid is added until complete solution and next sodium

hydroxide is added until pH 6.0. While stirring, glycerol and polysorbate 60 are added

and the mixture is heated to 70°C. The resulting mixture is added to a mixture of mineral

o1, stearyl alcohol, cetyl alcohol, stearyl monostearate and sorbate 60 having a

temperature of 70°C while mixing slowly. After cooling down to below 25°C, the rest
35  of the purified water is added and the mixture is mixed until homogeneous.
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led: 2% 1i lation

ketoconazole microfine 2g
phosphatidyl cholins 20 g
cholesterol S¢g
ethyl alcohol 10¢
methyl paraten 02¢g
propy! paraben C.02 ¢
disodium edetate 0.15 ¢
scdium chiorida 0.3 g
hydroxypropyimetiwvicailuicse 1.3 ¢
purified water ad 1C0 ¢

Method of Prenatation

A mixture of Ketoconazeie microfine, pnospnaudyi choline. cholesterol and ethyl alcohol
is stirred and heated at 55-80°C undl complete solution and is added to a soludon of
methyl paraben, propyl paraben, discdium edetaie and scdium chloride in punfied water
while homogenizing. Hydroxypropylmethylcellulose in purified water is added and the |
mixing is continued until swelling is complete.

A

" .
fe L0 SILONBONTIG 10O111IREatION

ketoconazole microfine 2g
phosphatidyl choline 10g
cholesterol lg
ethyl alcohol 75¢
hydroxypropylmethylcellulose 1.5 g
sodium hydroxide (1 N) ad pH 5.0
purified water ad 100 g
Method of Preparation

A mixture of phosphatidyl choline and cholesterol in ethyl alcohol is stirred and heated at
40°C until complete solution. Ketoconazole microfine is dissolved in purified water by
mixing while heating at 40°C. The alcoholic solution is added slowly to the aqueous
solution while homogenizing during 10 minutes. Hydroxypropylmethyicellulose in
purified water is added while mixing until swelling is complete. The resulting solution

1s adjusted to pH 5.0 with sodium hydroxide 1 N and diluted with the rest of the
purified water.
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Example 6 : 2% scalp lotion

ketoconazole microfine 20 mg
propylene carteonate 241.4 mg
ethyl alcohol 2382.8 mg
purified water q.s. ad 1 ml

Ketoconazole microfine is stirred in a mixture of propylene carbonate and ethanol until
completely dissclve:i The rosuiting sclution 1s diluted with purified water to the
required conceniration. The vesubing solution is iled in appropriate bottles or in
sprayers.

B. Clinical exampole

The uality of keteconazole for readng alopecia can te demonstrated in the following test
procedure. 27 Men (22-31 years) having androgenetic alopecia Hamilton Grade I used
Nizoral® shampoo containing 2% ketoconazole during 60 weeks as often as
shampooing was considered necessary by each individual. The frequency of
shampooing varied between from 2 to 4 times weekly. Every 12 weeks trichograms
were recorded on the hair of the areas on the periphery of the alopecia. A hair index or
pilary index Ip was calculated by determining the proportion of hairs (A) (in %) in the
anagen phase of the hair cycle and multiplying by the mean diameter (C) (in pm) :

Ip = A x C. For adult individuals without androgenetic alopecia the Ip value 1s higher
than 60. In the 27 volunteers the mean Ip value was 18 at the beginning of this test and
did change little during the first 24 weeks of treatment. A significant increase in the Ip

value according to the U-test (p < 0.05) appeared at the 36th week. A net amelioration

of the pilary index was observed in the course of the treatment reaching approxunately

twice its initial value after 60 weeks of treamment. These results indicate that

ketoconazole does have a beneficial effect in alopecia and improving the overall quality
of hair.
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Claims

A use of an effective amount of ketoconazole or a pharmaceutically acceptable
acid addition salt thereof, for reversing. arresting or retarding alopecia in

individual suffering from alopecia.

A use of an effective amount of ketoconazole or a pharmaceutically acceptable

acid addition salt thereof, for ameliorating the quality of hair in individuals

having an inferior quality of hair.

The use of ketoconazole or a pharmaceutically acceptable acid addition salt thereof

for the manufacture of a medicament for reversing, arresting or retarding alopecia.

The use of ketoconazole or a pharmaceutically acceptable acid addition salt thereot
for the manufacture of a medicament for ameliorating the quality of hair.

A lotion comprising a dermatologically acceptable liquid carrier and as an active
ingredient ketoconazole in an amount effective in reversing, arresting or retarding

alopecia or effective in ameliorating the quality of hair.

A lotion according to claim 5 comprising from 0.1% to 5% (weight by volume)

ketoconazole.

A lotion according to claim 6 comprising
from 0.2% to 2.5% of ketoconazole,
from 20% to 40% of propylene carbonate,
from 25% to 55% of ethyl alcohol,

the remainder of the lotion being water.

A process of preparing a lotion as defined in any of claims 5, 6 or 7 for reversing,
arresting or retarding alopecia or effective in ameliorating the quality of hair,
comprising intimately mixing ketoconazole with a dermatologically acceptable liquid

carrier.

A sprayer comprising a composition as defined in any of claims 5 to 7.
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10. A commercial package containing as an active ingredient ketoconazole

together with instructions for the use thereof for reversing, arresting

or retarding alopecia or for ameliorating the quality of hair.
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