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Hair Growth Compeosition and Method

FIELD OF THE INVENTION
The present invention relates to composttions for and methods of retarding hair loss
or facilitating hair growth comprising a hair growth active, a C3-Cyy alcohol ester of a
carboxylic acid and a viscosity modifying agent comprising: a nonionic
hydroxypropylmethyl cellulose and a high molecular weight carboxymethyl cellulose at a
ratio of the nomonic hydroxypropylmethyl cellulose to the high molecular weight

carboxymethyl cellulose of greater than about 1:1.

BACKGROUND OF THE INVENTION

Alopecia, or hair loss, m its various forms is an ongoing problem afflicting mankind
and animals. Men, woman and children can all suffer from alopecia, which can be result of
one, or a combination of, factors including genetic factors, hormonal factors, surgery, trauma,
chemotherapy, aging, certain drug side effects and stress. The unuversality of the occurrence
of alopecia has led to continuing efforts throughout history to discover composttions for
stimulating hair growth and preventing hair loss.

A number of “natural” remedies for alopecia based solely on herbs and plant extracts
have been proposed. However, such compounds have proven chimically to have very hittle if
any effect.

Accordingly, an aspect of the present invention is to provide a method for reducing
hair loss and facilitate hair growth and/or providing a thicker, denser or richer hair coat.

Another aspect of the present disclosure 1s concerned with methods of using
compositions comprising at least one hair growth stimulator, and at least one Cs-Cus alcohol
ester of a carboxvlic acid.

Another aspect of the present invention 18 improving the temperature stability of
solution or gel compositions containing from about C.1% to about 20% by weight of a hair
growth or hair regrowth compound (such as minoxidil or pharmaceutically acceptable

addition salts thereof); from about 0.5% to about 10% by weight of an o1l phase or oily
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compound; from about 0% to about 60 % of a dihvdric alcohol (such as propylene glycol);
and from about G to about 65% by weight of a (,-C4 alcohol (such as ethanol).

Another aspect of the present invention is providing clear {or reduced turbidity or
cloudiness) solution or gel compositions of pH less than S containing from about 0.1% to
about 20% by weight of a hair growth or hair regrowth compound (such as minoxidil or
pharmaceutically acceptable addition salts thereof); from about 0.5% to about 10% by weight
of an o1l phase or oily compound; from about 0% to about 60 % of a dihydric alcohol (such
as propylene glycol}; and from about O to about 65% by weight of a C5-Cy alcohol (such as
ethanol).

Another aspect of the present disclosure 15 concerned with using the disclosed
compositions to accelerate the onset of the anagen phase of hawr growth in a mammal

A still further aspect of the present disclosure is concerned with using the disclosed
compositions to increase the rate at which ternunal hair appears on the skin of a2 mammal

Another aspect of the present invention 15 to provide a method of reducing or
preventing hair thinning and hair loss.

Still other aspects and advantages of the present disclosure will become readily
apparent to those skilled i the art from the following detailed description, wheremn it 1s
shown and described only in the preferred embodiments, simply by way of illustration of the
best mode. As will be realized, the disclosure 13 capable of other and different embodiments,
and 1ts several details are capable of modifications i various obvious respects, without
departing from the spirit of the disclosure. Accordingly, the description 1s to be regarded as

tHustrative i nature and not as restricted.
BRIEF DESCRIPTION OF THE FIGURES

Fig. 1 1s picture of a microscopic field of view as obtained using a Olympus BX51
Microscope as described below.
Fig. 2 1s a freeze-fractured SEM (scanning electron mucroscopy) picture of partial

cross-section of one of the hiquid vesicles contained n the composition of Example I (below)

SUMMARY OF THE INVENTION
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In certain embodiments, the present invention relates to compositions comprising:

a. one or more multilayer vesicles, the vesicles comprising:

i one or more of a hair growth or hair regrowth compound represented

by formulas I or I

Formula |

Forauals f

(4]
53

and mixtures thereof, wherein R'is hydrogen or —N{R*}R®). Each R’ and
R'individually is selected from the group consisting of hydrogen, lower
alkyl, lower alkenyl, lower aratkyl, and lower cycloalkyl, and taken together

10 R* and R* may be a heterocyclic moiety selected from the group consisting of
aziridinyl, azetidinyl, pyvrrolidinyl, pipenidino, hexahydroazepinyl,
heptamethyvienimino, octamethylenimino, morphohno, and 4-lower-
alkylpiperazinyl, cach of said heterocyclic moieties having attached as
substituents on the carbon atoms 0 to 3 lower alkvl groups, hydroxy or

15 alkoxy, and wherein R” is selected from the group consisting of hydrogen,
fower alkyl, lower alkenvl, lower alkoxyvalkvl, lower cycloalkyl, lower arvi,
lower aralkyl, lower alkaryl, lower alkaralkyl, lower alkoxvaralkyl, and
lower haloaralkvl; tautomers thereof and pharmacologieally acceptable acid
addition salts thereof;, and

20 it a Cy-Cyy alcohol ester of a carboxylic acid, optionally, wheremn said Cy-Cyy
alcohol ester of a carboxylic acid is an ester of cetvl alcohol, optionally,

wheren said Ce-Cyy aloohol ester of a carboxyhic acid 1s a lactic acid ester, or
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optionally wheremn said Cg-Coy alcohol ester of a carboxvlic acid is an ester
of myristyl alcohol;

b, awviscosity modifying agent comprising a nontonie hydroxypropylmethy! cellulose
and a lugh molecular weight carboxymethyl cellulose at a ratio of the nontonic
hydroxypropylmethy] cellnlose to the high molecular weight carboxymethyl colluloss
of greater than about 1:1; and

c. a pharmaceutically acceptable topical carrier comprising one or more solubilizers,
one or more selubilizing acids or mixtures thereof,

wheretn the total concentration of the nontonic hydroxypropylmethyl cellulose and the high

molecular weight carboxymethyl cellulose is from about 0.5% to about 396 by weight of

the total composition.

In certain embodiments, the present invention relates to compositions comprising;
a.  one or more of a hair growth or hair regrowth compound represented by the

Formulas T or I

Formsida
O
i
H
H.N N LN and
Nl e A
e s
Y
il
i
X ¥
Ca N
el N
® f
i
o
Formwls B
QRO
HN NI NH,,
S o

»

and mixtures thereof, wherein R' is hydrogen or — N(R‘S)(Rj'). Fach R and R*
mdividually 1s selected from the group consisting of hydrogen, lower alkyl,
lower alkenvl, lower aralkyl, and lower cycloalkyl, and taken together R and
R* may be a heterocyclic moiety selected from the group consisting of
aziridinyl, azetidinyl, pyrrolidinyl, piperidino, hexahydroazepinyl,

heptamethyienimino, octamethylenimino, morpholing, and 4-lower-
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atkyipiperazinyl, each of said heterocyclic moieties having attached as
substituents on the carbon atoms 0 to 3 lower alkyl groups, hydroxy or alkoxy,
and wherein R’ is selected from the group consisting of hydrogen, lower alkyl,
lower alkenyl, lower alkoxyalkyl, lower cycloalkyl, lower aryl, lower aralkyl,
lower alkaryl, lower alkaralkyl, lower alkoxvaralkyl, and lower haloaralkyl;
tautomers thereof and pharmacologically acceptable acid addition salts

thereof;

a Cy-Cy4 alcohol ester of a carboxylic acid, optionally, wherein said Cy-Coyg
alcohol ester of a carboxylic acid 1s an ester of cetyl alcohol, optionally,
wherein said Cy-Ch4 alcohol ester of a carboxylic acid s a lactic acid ester, or
optionally wherein said Cs-Cy4 alcohol ester of a carboxylic acid is an ester of

myristy! alcohol; and

a viscosity modifying agent comprising a nonionic hydroxypropylmethyl
cellulose and a high molecular weight carboxymethyl cellulose at a ratio of
the nonionic hydroxypropylmethyl cellulose to the high molecular weight

carboxymethy! cellulose of greater than about 1:1; and

a pharmaceutically acceptable topical carrier comprising one or more

solubilizers, one or more solubilizing acids or mixtures thereof,

wherein the composition comprises multilaver vesicles and further wherein the total

concentration of the nonionic hydroxypropylmethyi cellulose and the high molecular

weight carboxymethyl cellulose 1s from about 0.5% to about 3% by weight of the

total composition.

In certain embodiments, the present mvention relates to compositions comprising;

a.

b.

nunoxidil or pharmacologically acceptable acid addition salts thereof;
cetyl lactate, myristyl lactate or mixtures thereof]

steareth-10

a viscosity modifying agent comprising a nonionic hydroxypropylmethy!

cellulose and a high molecular weight carboxymethyl! cellulose at a ratio of

(A%
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the nonionic hydroxypropylmethyl cellulose to the high molecular weight
carboxymethyl cellulose of greater than about 1:1; and

e. a pharmaceutically acceptable topical carrier comprising:

i.  ethanol;
5 1. lactic acid;
it  pentylene glycol or propylene glycol; and
v,  glycerin,
wherein the composition comprises multilayer vesicles and further wherein the total
concentration of the nonionic hydroxypropylmethyi cellulose and the high molecular
i0 weight carboxymethy! cellulose is from about 0.5% to about 3% by weight of the
total composition.
In certain embodiments, the present invention relates to compositions comprising
liquid vesicles, the liquid vesicles comprising:
i minoxidil or pharmacologically acceptable acid addition salts thereof;
15 and
1. a Cg-Cyyaleohol ester of a carboxylic acid, optionally, wherein said
Cg-Cyy alcohol ester of a carboxylic acid 1s an ester of cetyl alcohol,
optionally, wherein said Cs-Chy alcohol ester of a carboxvlic acid s a
lactic acid ester, or optionally wherein said Cs-Cag alcohol ester of a
20 carboxvlic acid 1s an ester of myristyl alcohol; and
wherein the pharmaceutically acceptable liquad carrier comprises:
1. one or more solubilizers,one or more solubilizing acids or mixture
thereof, and
i1, a viscostty modifying agent comprising a nonionic
25 hydroxypropylmethyl cellulose and a high molecular weight
carboxymethyl cellulose at a ratio of the nonionic
hydroxvpropylmethyl celiulose to the high molecular weight
carboxymethyl cellulose of greater than about 1:1 wherein the total
concentration of the nonionic hydroxypropyimethyi cellulose and the
30 high molecular weight carboxymethyl celiulose is from about 0.5% to

about 3% by weight of the total compuosition.

6
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In certain embodiments, the present invention relates to compositions comprising:

a.

b.

minoxidil or pharmacologically acceptable acid addition salts thereof,

a (s-Chs alcohol ester of a carboxylic acid, optionally, wherein said Cp-Cyy
alcohol ester of a carboxylic acid 15 an ester of cetyl alcohol, optionally,
wherein said Cy-C4 alcohol ester of a carboxylic acid is a lactic acid ester, or
optionally wherein said Cy-Cyg aleohol ester of a carboxylic acid 1s an ester of

myristyl aleohol;

a viscosity modifying agent comprising a nonionic hydroxypropylmethyl
cellulose and a high molecular weight carboxymethyl cellulose at a ratio of
the nonionic hydroxypropylmethyl cellulose to the high molecular weight

carboxymethyl cellulose of greater than about 1:1; and

a pharmaceutically acceptable hiquud carrier comprising one or more

solubilizers, one or more solubilizing acids or a mixture thereof]

wherein the composition comprises liquid vesicles and further wherein the total

concentration of the nonionic hydroxypropylmethy! cellulose and the high molecular

weight carboxymethyl cellulose is from about 0.5% to about 3% by weight of the

total composition.

In certain embodiments, the present invention relates to compositions comprising:

a. minoxidil or pharmacologically acceptable acid addition salts thereof;

b. cetyl lactate, myristyl lactate or nuxtures thereof, optionally, wherein said
Cs-Cag aleohol ester of a carboxylic acid is an ester of cetyl alcohol,
optionally, wherein said Cg-Cyy alcohol ester of a carboxyhcacid s a
lactic acid ester, or optionally wherein said Cg-Cyy alcohol ester of a
carboxylic acid 15 an ester of myristyl alcohol;

¢. streareth-10;

d. aviscosity modifving agent comprising a nontonic hydroxypropyimethyl

celhilose and a high molecular weight carboxymethyl cellulose at a ratio

-3
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of the nonionic hydroxypropylmethyl cetlulose to the high molecular
weight carboxymethy! cellulose of greater than about 1:1; and
e. a pharmaceutically acceptable topical carrier comprising:

1. ethanol;

(v

1. lactic acid;

i1, pentylene glycol or propylene glycol; and

. glycenn,
wherein the composition comprises ligund vesicles and further wherein the total
concentration of the nonionic hydroxypropylmethy! cellulose and the high molecular
i0 weight carboxymethy! cellulose 15 from about 0.5% to about 3%by weight of the total

composition.

In certain embodiments, the present invention relates to hair growth or hair regrowth

COMPOSIIoNns comprising;

[o—y
(v
a5

from about 0.1% to about 20% of one or more pharmaceutically acceptable

addition salts of a compound represented by formulas I or IL:

Formaial

Foapads I

and mixtures thereof, wherein R' is hydrogen or —N(R'}R"), each R’ and R*
20 mdividually being selected from the group consisting of hydrogen, lower

atkyl, lower alkenyl, lower aralkyl, and lower cycloalkyl, and taken together
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R’ and R” may be a heterocyclic moiety selected from the group consisting of
aziridinyl, azetidinyl, pyrrolidinyl, piperidino, hexahydroazepinyl,
heptamethylenimino, octamethylenimino, morpholing, and 4-lower-

alkylipiperazinyl, each of said heterocyclic moieties having attached as

(v

substituents on the carbon atoms 0 to 3 lower alky! groups, hvdroxy or alkoxy,
and wherein R” is selected from the group consisting of hydrogen, lower alkyl,
lower alkenyl, lower alkoxyalkyl, lower cycloalkyl, lower aryl, lower aralkyl,
lower alkaryl, lower alkaralkyl, lower alkoxvaralkyl, and lower haloaralkyl ;
tautomers thereof and pharmacologically acceptable acid addition salts

10 thereof’
b. from about 0.5% to about 10% by weight of an oil phase;
c. from about 0 to about 25% of a »-Cy alcohol; and

d. aviscosity modifying agent comprising a nonionic hydroxypropylmethyl

cellulose and a high molecular weight carboxymethyl cellulose at a ratio of

Ju—
(v

the nonionic hydroxypropylimethyl cellulose to the high molecular weight
carboxymethyl cellulose of greater than about 1:1 to 10:1 wherein the total
concentration of the nonionic hydroxypropylmethyl cellulose and the high
molecular weight carboxymethyl cellulose is from about 0.5% to about 3% by

weight of the total composition

20 wherein the composition has a pH of 3 to 5 and further wherein the composition is

storage stable at 40°C and at 5°C for at least 1 week, optionally for at least 7 weeks.

In certain embodiments, the present invention relates to a method for improving
storage stabtlity of a composition for retarding hair loss or facilitating hair growth or
regrowth, comprising the step of adding to the composition a viscosity modifying agent

25 comprising a nontonic hvdroxypropylmethyl cellulose and a high molecular weight
carboxymethyl cellulose at a ratio of the nonionic hydroxypropylmethyi cellulose to the high
molecular weight carboxymethyl cellulose of greater than about 1:1 to 10:1 wherein the total

concentration of the nonionic hydroxypropylmethyl! cellulose and the high molecular weight

9
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carboxymethyl cellulose is from about 0.5% to about 3% by weight of the total composition,

the composition comprising:

a. one or more multilayer vesicles, the vesicles comprising:

(]

i a hair growth compound represented by formulas { or I

Forrmala

Feapwida 1f

and mixtures thereof, wherein R' is hydrogen or —N(R')(R?), each R’
and R* individually being selected from the group consisting of

10 hydrogen, lower alkyl, lower alkenyl, lower aralkyl, and lower
cycloalkyl, and taken together R® and R* may be a heterocyclic moiety
selected from the group consisting of azindinyl, azetidinyl,
pyrrolidiny], piperidino, hexahvdroazepinyl, heptamethyleninuno,
octamethylenimino, morpholino, and 4-lower-alkylpiperazinyl, each of

i5 satd heterocyclic moieties having attached as substituents on the
carbon atoms O to 3 lower alkyl groups, hydroxy or alkoxy, and
wherein R is selected from the group consisting of hydrogen, lower
alkyl, lower alkenyl, lower alkoxyalkyl, lower cycloalkyl, lower aryl,
tower aralkyl, lower alkarvl, lower alkaralkyl, lower alkoxyaralkyl,

20 and lower haloaralkyl; tautomers thereof and pharmacologically

accepiable acid addition salts thereof;

1. a Cg-Cyy aleohol ester of a carboxylic acid; and

10
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b. a pharmaceutically acceptable topical carrier comprising one or more

solubilizers, one or more solubilizing acids or mixtures thereof,

wherein the composition 1s storage stable at 40°C and at 5°C for at feast 1 week,

optionally for at least 7 weeks.

(]

In certam embodiments, the present invention relates to a method for improving
storage stabtlity of a composition for retarding hair loss or facilitating hair growth or
regrowth, comprising the step of adding to the composition a viscosity modifying agent
comprising a nonionic hydroxypropylmethyl cellulose and a high molecular weight

10 carboxymethyl cellulose at a ratio of the nonionic hydroxvpropylmethyi cellulose to the high
molecular weight carboxymethyl cellulose of greater than about 1:1 to 10:1 wherein the total
concentration of the nonionic hydroxypropyvimethy! cellulose and the high molecular weight
carboxymethyl cellulose is from about 0.5% to about 3% by weight of the total composition,

the composition comprising:

15
a. from about 0.1% to about 20% of one or more pharmaceutically acceptable
addition salts of a compound represented by formulas I or IL:
Formaidal
?H
EN N N
i el
A m
Y E e
wt
Formula 1
e
R
¢ ol IR . 24
20 and nuxtures thereof, wherein R 15 hydrogen or —N(R'{R"), each R and R

mdividually being selected from the group consisting of hydrogen, lower

alkyl, lower alkenyl, lower aralkyl, and lower cycloalkyl, and taken together

i1
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R’ and R* may be a heteroeyclic moiety selected from the group consisting of
aziridinyl, azetidinyl, pyrrolidinyl, piperidino, hexahydroazepinyl,
heptamethylenimino, octamethylenimino, morpholing, and 4-lower-
alkylipiperazinyl, each of said heterocyclic moieties having attached as
substituents on the carbon atoms 0 to 3 lower alky! groups, hvdroxy or alkoxy,
and wherein R” is selected from the group consisting of hydrogen, lower alkyl,
lower alkenyl, lower alkoxyalkyl, lower cycloalkyl, lower aryl, lower aralkyl,
lower alkaryl, lower alkaralkyl, lower alkoxyaralkyl, and lower haloaralkyl;
tautomers thereof and pharmacologically acceptable acid addition salts

thereof’
b. from about 0.5% to about 10% by weight of an oil phase; and
¢. from about 0 to about 25% of a C»-C, alcohol

wherein the composition has a pH of about 3 to about 5 and further wherein the
composition is storage stable at 40°C and at 5°C for at least 1 week, optionally for at

least 7 weeks.

In certain embodiments, the present invention relates to a method for improving
storage stability of a composition for retarding hair loss or facilitating hair growth or
regrowth, comprising the step of adding to the composition a viscosity modifymg agent
comprising a nonionic hydroxypropylmethyl cellulose and a hugh molecular weight
carboxymethyl cellulose at a ratio of the nomionic hydroxypropylmethyi cellulose to the high
molecular weight carboxymethyl cellulose of greater than about 1.1 to 10:1 wherein the total
concentration of the nonionic hvdroxypropylmethyl cellulose and the high molecular weight
carboxymethyl cellulose is from about 0.3% to about 3%by weight of the total composition,

the composition comprising;

a. one or more multilayer vesicles, the vesicles comprising:

i, a hair growth compound represented by formulas I or IT:
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Forrmala

and mixtures thereof, wherein R' is hydrogen or —N(R'}(R?), each R’

and R* individually being selected from the group consisting of

(v

hydrogen, lower alkyl, lower alkenyl, lower aralkyl, and lower
cycloalkyl, and taken together R® and R* may be a heterocyclic moiety
selected from the group consisting of azindinyl, azetidinyl,
pyrrolidiny], piperidino, hexahvdroazepinyl, heptamethyleninuno,
octamethylenimino, morpholino, and 4-lower-alkylpiperazinyl, each of
i0 satd heterocyclic moieties having attached as substituents on the
carbon atoms O to 3 lower alkyl groups, hydroxy or alkoxy, and
wherein R is selected from the group consisting of hydrogen, lower
alkyl, lower alkenyl, lower alkoxyalkyl, lower cycloalkyl, lower aryl,
lower aralkyl, lower alkarvl, lower alkaralkyl, lower alkoxyaralkyl,
15 and lower haloaralkyl; tautomers thereof and pharmacologically

accepiable acid addition salts thereof;
1. a Cg-Cyy aleohol ester of a carboxylic acid; and
b. a pharmaceutically acceptable topical carrier comprising one or more

solubilizers, one or more solubilizing acids or mixtures thereof,

wherein the composition 15 does not separate mnto two or more distinct phases after

~

storage at 40°C and at 5°C for at least 1 week.

13
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In certain embodiments, the present invention relates to a composition comprising:
a. higud vesicles comprising:

i. one or more of a hair growth or hair regrowth compound represented

(4]

by formulas I or I

Foomala

‘f'::::::::‘{
g
R

Frarpala 1

and mixtures thereof, wherein R'is hydrogen or —NE'WRY), each R’ and R?
individually is selected from the group consisting of hydrogen, lower alkvl,
lower alkenvl, lower aralkyl, and lower eycloalkyl, and taken together R and

10 R* may be a heterocvelic moiety sclected from the gronp consisting of
aziridinyvl, azetidinyl, pyvreolidinvl, piperidino, hexahvdroazepinyl,
heptamethylenimino, octamethylenimino, morpholino, and 4-lower-
alkvlpiperazinyvl, cach of said heterocyclic moteties having attached as
substituents on the carbon atoms § to 3 lower alkyl groups, hydroxy or

15 alkoxy, and wherein R%is selected from the group consisting of hydrogen,
lower alkyl, lower alkenvl, lower alkoxyalkvl, lower cycloalkyl, lower arvi,
lower aralkyl, lower alkaryl, lower alkaralkvl, lower alkoxyaralkyl, and
lower haloaralkvl; tautomers thereof and pharmacologieally acceptable acid

addition salts thereof;, and

20 i, an Cs-Coyg alcohol ester of a carboxylic acid;
b. aviscosity modifying agent comprising a nonjonic hydroxypropylmethyl

cellulose and a high molecular weight carboxymethy! cellulose at a ratio of

14
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the nonionic hydroxypropylmethyl cellulose to the high molecular weight
carboxymethyl cellulose of greater than about 1:1; and
c. a pharmaceutically acceptable topical (optionally liquid) carrier comprising,
one or more solubilizer(s}, one or more solubilizing acid(s) or mixtures
thereof
wherein the total concentration of the nontonic hydroxypropyimethyl cellulose and
the high molecular weight carboxymethyl cellulose is from about 0.5% to about 3%
by weight of the total composition and wherein the liquid vesicles are suspended

within the pharmaceutically acceptable topical carrier.

In certain embodiments, the present invention relates to a method of growing hair ina
subject in need of such treatment, comprising topically applying any of the above described

compositions to the subject on an area where hair growth is desired

DETAILED DESCRIPTION OF THE INVENTEON

The compositions of the present invention can comprise, consist of, or consist
essentially of the essential elements, steps and limitations of the invention described herein,
as well any of the additional or optional ingredients, components, or limitations described
herein.

The term “comprising” (and its grammatical variations} as used herein 1s used in the
melusive sense of “having” or “including” and not in the exclusive sense of “consisting only
of.” The terms “a” and “the” as used herein are understood to encompass the plural as well as
the singular.

All documents incorporated herein by reference o their entirety are only incorporated
herein to the extent that they are not inconsistent with this specification,

All percentages, parts and ratios are based upon the total weight of the composition of
the present mvention, unless otherwise specified. All such weights as they pertain to the
histed ingredients are based on the active level and, therefore, do not include carriers or by-
products that may be included in commercially available matenals, unless otherwise

specified.

15
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The terms “grow” or “growth” as used herein with respect to hair means the growth
or regrowth of hair. Accordingly, the terms “growth” and “regrowth” are used
interchangeably with respect to growing hair or respect to actives for growing hair.

The term “safe and effective amount” as used herein means an amount of a compound
or composition such as a topical or system active sufficient to significantly induce a positive
henefit, for example, hair growth, but low enough to avoid serious side effects, 1., to
provide a reasonable benefit to risk ratio, within the scope of sound judgment of the skilled
artisan.

As used herein, the terms “visual inspection” or “visually inspected” means thata
human viewer can visually discern the presence of’ 1) solid or droplet particles 1n a solution;
or 1) hair or hair growth, in each case, with the unaided eye (excepting standard corrective
lenses adapted to compensate for near-sightedness, farsightedness, or stigmatism, or other
corrected vision) 1n lighting at least equal to the iHumination of a standard 75 watt
mcandescent white light bulb at a distance of about 0.25 meter.

The term “pharmaceutically acceptable addition salts” means pharmaceutically
acceptable acid or base addition salts. The pharmaceutically acceptable acid or base addition
salts as mentioned hereinabove are meant to comprise the therapeutically active non-toxic
acid and non-toxic base addition salt forms which the compounds of formulas (I and IT) are
able to form. The compounds of formula (I and H) which have basic properties can be
converted in their pharmaceutically acceptable acid addition salts by treating said base form
with an appropriate acid. Appropriate acids comprise, for example, morganic acids such as
hydrohalic acids, e.g. hydrochloric or hydrobromic acid; sulfuric; nitric; phosphoric and the
like acids; or organic acids such as, for example, acetic, propanoic, hydroxyacetic, lactic,
pyruvic, oxalic, malonic, succinic {1.e. butane-dhoic acid), maleic, fumaric, malic, tartaric,
citric, methanesulfonic, ethanesulfonic, benzenesulfonic, p-toluenesulfonic, cyclamic,
salicylic, p-ammosalicylic, pamoic and the like acids.

The compounds of formulas (I and H} which have acidic properties may be converted
in their pharmaceutically acceptable base addition salts by treating said acid form with a
suitable organic or morganic base. Appropriate base salt forms comprise, for example, the
ammonium salts, the alkali and earth alkaline metal salts, e g. the hithrum, sodium, potassium,

magnesium, calcium salts and the like, salts with organic bases, e.g. the benzathine, N-
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methyl-D-glucamine, hydrabamine salts, and salts with amino acids such as, for example,
arginine, lysine and the like.
The terms acid or base addition salt also comprise the hydrates and the solvent

addition forms which the compounds of formmla (I and I} are able to form. Examples of

(v

such forms are e g. hydrates, alcoholates and the like.

For therapeutic use, salts of the compounds of formulas (I and ) are those wherein
the counterion i1s pharmaceutically acceptable.

In certain embodiments, the present invention as disclosed herein may be practiced in
the absence of any compound or element {or group of compounds or elements) which is not
10 specifically disclosed herein.

The composition of the present invention 1s useful for growing hair. The composition
comprises a hair growth active and a Cg-Cy4 alcohol ester of a carboxylic acid.

The composition of the present invention i3 also useful for preventing hair loss and

thinning hair.

15
Hair Growth Compound
The compositions of the present invention further comprise one or more of a hair
growth or hair regrowth compound represented by the Formulas I or I
Formuls §
O
EASN Sy N
ot ,..f‘.”.\\\:)f:_.;, N
Forssusda 11
Bl
20 and mixtures thereof.

R'is hydrogen or —N(RMRY. Each R’ and R* individually is selected from the

group consisting of hydrogen, lower alkyl, lower alkenyl, lower aralkyl, and lower

17



(v

10

20

\.]
W

30

WO 2017/116937 PCT/US2016/068185

cycloalkyl, and taken together R® and R* may be a heterocyclic moiety selected from the
group consisting of azindinyl, azetidinyl, pyrrolidinyl, pipenidino, hexahydroazepinyi,
heptamethylenimino, octamethylenimino, morpholino, and 4-lower-alkylpiperazinyl, each of
said heterocyclic moieties having attached as substituents on the carbon atoms 0 to 3 lower
alkyl groups, hydroxy or alkoxy, and wherein R” is selected from the group consisting of
hydrogen, lower alkyl, lower alkenyl, lower alkoxyalkyl, lower cycloalkyl, lower aryl, lower
aralkyl, lower alkaryl, lower alkaralkyl, lower alkoxvaralkyl, and lower haloaralkyl;
tautomers thereof and pharmacologically acceptable acid addition salts thereof (such as
sulfate salts thereof).

The amount of the compound of the above Formulas T and/or H is a safe and effective
amount for promoting hair growth. In certain embodiments, the compound of Formulas |
and/or 11 1s present at a concentration of from 0.1% {or about 0.1%) to 15% (or about 20.0%)
of the preparation, or optionally, from 0.5% (or about 0.5%) to 10% (or about 10%), or
optionally, from 0.53% (or about 0.5%) to 5% (or about 5%), by weight of the composition.

Listed below are definitions of various terms used to describe the compounds of
Formulas T and/or 1.

The term “lower alkyl” refers to straight or branched chain hydrocarbon groups
containing typically 1 to 6 carbon atoms, and more typically 1 to 3 carbon atoms.

Examples of suitable lower alky! groups mnclude methyl, ethyl and propyl. Examples
of branched alky! groups include 1sopropyl and t-butyl, Examples of suitable alkoxy groups
are methoxy, ethoxy and propoxy.

The “lower cycloalkvl” groups typically contain 3-6 carbon atoms and include
cyclopropyl, cyclobutyl, cyclopentyi and cyclohexyl

The “lower alkenvl” groups typically contain 2-6 carbon atoms and include ethenyl,
propenyi and butenyl. The “lower cycloalkeny!” groups typically contain 3-6 carbon atoms
and include cyclopropenyl, cyclobutenyl, cyclopentenyl and cyclohexenyl.

The term “lower aryl” refers to monocyclic or multi-ring aromatic hydrocarbon
groups typically containing 6 to 14 carbon atoms in the ring portion, such as phenyl, 2-
naphthyl, 1-naphthyl, 4-biphenyl, 3-biphenyl, 2-biphenyl, and diphenyl groups.

Examples of halo groups are CL, F, Brand L.

18
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The Cs-Cry Aleohol Ester of a Carboxvlic Acid

The compositions of the present invention also include one or more of a Ca-Cyy
alcohol ester of a carboxyhic acid, optionally one or more of a C1p-Cy) alcohol ester of a
carboxvlic acid, or, optionally, one or more of a Cp-Cys alcohol ester of a carboxylic acid.
The following are non-limiting examples of Cp-Cyy alcohol ester of a carboxylic acids: Cs-
Cas, (optionally C1o-C3) alkyl lactates such as C15-Cis alkyl lactates, cetyl lactate, myristyl
lactate, glyceryl stearate lactate, a muxture of C1»-C 15 alkyl lactates and the like; hiquid fatty
alcohols {e.g. oley! alcohol), aromatic alcohols such as phenyl alcohols with chemical
structures of CsHs—R(OH) where R 15 an aliphatic radical, such as benzyl alcohol and
phenethyl alcohol; aromatic glycol ethers such as ethylene glycol phenyl ether; propylene or
butylene oxide-based giycol ethers such as propylene glvcol methy! ether and those disclosed
in U.S. Pat. No. 5,133,967, incorporated herein by reference in its entirety. In certain
embodiments, the Cs-Co;s alcohol ester of a carboxylic acid of the present invention 15
selected from the group consisting of Ci,-Cis alkyl lactates. In certain embodiments, the Cy-
(4 alcohol 1s myristyl alcohol or cetyl alcohol. In certain embodiments, the carboxylic acid
15 lactic acid. In certain embodiments, the Cs-Cyq alcohol ester of a carboxvlic acid of the
present invention s selected from the group consisting of mynistyl lactate, cetyl lactate and
nuxtures thereof. In certain embodiments, the Cg-Cyy aleohol ester of a carboxyhic acid 1s
cetyl lactate. In certain embodiments, the Cg-Cay aleohol ester of a carboxylic acid 1
myristy] lactate. In certain embodiments, the Cs-Cyy alcohol ester of a carboxylicacidis a

maixture of C»-C 5 alkyl lactates.

In certain ermnbodiments, the Cg-Cyy alcohol ester of a carboxvylic acid 1s present in the
composition in an amount of from 0.5% (or about 0.5%) to 10% (or about 10%), optionally,
from 1.0% (or about 1.0 %) to 3% (or about 5%), or, optionally, from 1.5% {(or about 1.3%)

10 3% {or about 3%), by weight of the composition.

In an embodiment of the present ivention, the ratio of the hair growth active to the
C3-Coyq alcohol ester of a carboxylic acid 1s from 10 1 (orabout 10 : 1)to 1 : 1 {orabout 1
1), optionally 5: 1 {orabout 5: 1Yto1: 1 (orabout 1. 1), optionally 3 : 1 {orabout3: I)to

L1 {orabout!: 1), oroptionally 2 : 1 (or about 2 : 1); and optionally, from 1 : 2 (or about
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1:2)tol: 10 (oraboutl: 10), optionally 5. 2 (orabout 5: 2)to 1 : S{orabout I : §),

optionally 3 : 2{orabout3: 2)to 1 : 3 (orabout 1 3), or optionally 1 2 {or about 1 : 2},

Yiscosity Modifvine Acent

Tn certain embodiments, the compositions of the present invention further comprise a

viscosity modifving agent comprising a nontonic hvdroxvpropvimethvl cellulose and a high

molecular weisht carboxymethvl cellulose at a ratio of the nonionic hvdroxvpropyimethvi

cellulose to the high molecular weieht carboxymethvl cellulose of greater than about 1:1

optionally from greater than about 1:1 to 10:1.

More specifically, in certain embodiments, where the composition comprises from
about 3% to about 65%, optionally from about 10% to about 60%, or optionally, from about
15% to about 35%, by weight, alcohol {(as described herein and, in certain embodiments,
ethanol);, from about O to about 40% | optionally from about 5% to about 30%, or optionally
about 10% to about 20%, by weight, glycol (such as propylene glvcol or pentviene glycol);
from about 0.1 to about 10% , optionally from about 0.5% to about 5%, or optionally about
1% to about 3%, by weight, Cs-Cy4 alcohol ester of a carboxylic acid (as described herein
and, in certain embodiments, cety! lactate, myristyl lactate or mixtures thereof); and from
about 1% to about 15%, optionally from about 2% to about 10%, or optionally from about
2% to about 5%, by weight, mmoxidil {or a pharmacologically acceptable acid addition salts
thereof), storage stability of the compositions at temperatures both above 30°C and below
5°C can be achieved by incorporating a viscosity modifying agent comprising a nonionic
hydroxypropylmethyl cellulose and a high molecular weight carboxymethyl cellulose at a
ratio of the nonionic hydroxypropylmethyl cellulose to the high molecular weight
carboxyrmethyl cellulose of greater than 1:1 (or about 1:1), opticvally 3:1 {or about 3:1). In
certain embodiments, the ratio of nonionic hydroxypropyhmethyl cellulose to high molecular
weight carboxymethyl cellulose 1s no greater than 10:1 {or about 10:1), wherein the total
concentration of the nonionic hydroxypropylmethyl cellulose and high molecular weight
carboxyrethyl cellulose 1s from 0.5% (or about 0.5%) to 3% (or about 3%}, optionally from

0.85% (or about 0.85%) to 1.25% {or about 1.25%), by weight of the total composition.
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The term “hich molecular weight carboxymethv] cellulose” means a carboxymethyl

cellulose having: 1.} 3 carboxvimethyl deeree of substitution (CM.D.S} (which is average

number of ionizable carboxyvmethvl ether sroups per repeating anhvdroclucose chamn unit of

the cellulose molecule) of from 0.4 {or about 0.4) to 1.5 {or about 1.5), optionally from 0.6

{or about 0.6) 10 0.9 {or about 0.9), or optionally 0.7 {or about 0.7). 1) an average degree of

polvmerization of from about 2000 to about 4000, optionally from about 2500 to about 3500

or optionally 3200 {or about 3200); and 111} a weieht averase molecular weight of from about

600,000 1o about 800.000, optionally from about 630,000 to about 750,000, or optionally

from about 675.000 to about 730.000. Suitable hich molecular weieht carboxymethyl

cellulose are supplied by Ashland (Wilmingion, DE) under the tradenames Agualon® CMC
THE. Aqualon® CMC-7H4, Agualon® CMC-7H3S, Agualon® CMC-7HOF and Agualon®

CMC-7H. In certain emboduments, the hush molecular weight carboxvmethvi cellulose is

Agualon® CMC 7HE.

Without being limited by theory, it 15 believed that embodiments of the compositions
of the present invention comprising from about 0.1% to about 20% (optionally, from about
0.5% to about 15%, or optionally, from about 1% to about 10%) by weight of a
pharmaceutically acceptable addition salt of the hawr growth or hair regrowth compounds of
formulas I or I (in certain embodiments, the pharmaceutically acceptable addition salt of
nunoxidil); from about 0.5% to about 10% (optionally, from about 2% to about 7.5%) by
weight of an o1l phase or otly compound; and from about 0 to about 25% (optionally from
about 1% to about 25%, or optionally from about 5% to about 20%) by weight of a C-Cy
alcohol {optionally ethanol), coliectively, increase the difficulty of achieving storage
stabiitty. The present tnventor has discovered that achieving storage stabiity is facilitated by
meorporating a viscostty modifying agent comprising the select nonionic polymer and select
ionic polymer at the select ratios and at a total concentration by weight of the total

composition.

Term “oil phase” or “oily phase” means any non-polar liquid phase which 1s
mmmiscible with aqueous hiquads {or not water-soluble). In certaim embodiments, the o1l
phase comprises at least one oily compound such as the Cs-Chs alcohol ester of a carboxylic

acid {e.g., cetyl lactate, mynistyl lactate) and, optionally, long chain fatty acids such as the
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steareth-10. Other components that may be comprised in the o1l phase are volatile oils and
non-volatile oils. As used herein the term “o1ly”, means a hydrophobic and water

immiscible.

The term “storage stable™ or “storage stability” when referring to a composition of the
present invention, means a composition (such as a solution, emulsion or microemulsion)
which is umiform and homogeneous and which 1s not separated into two or more distinct
phases upon visual ispection after the composition s stored in closed, airtight glass
containers for at least T week, optionally at least 7 weeks, at a constant temperature of 40°C
in a standard laboratory oven (for example, a Fisher Scientific Isotemp Oven, Model
655FWadeshoro, North Carolina, USA, and for at least 3 days at a constant temperature of
5°C 1n a standard laboratory refrigerator (for example, VWR refrigerator model R411GA16,
manufactured by Kendro Laboratory Products, Asheville, NC, USA,). The above described
storage of the composition at 40°C and at 5°C can occur either separately or sequentially.
Relative humidity 1s not controlled for during such storage since the storage takes place in
closed glass containers whose walls and closures are impervious to the passage of water

vapor.

According to the ICH Harmonized Tripartite Guideline "Stability Testing of New
Drug Substances and Products Q1A(R2), storage at 25° C for a period of time 15 indicative of
stability of the formulation or therapeutic agent for twice this period of time at 5° C. See also
Drug Stability, Principles and Practices, Thud Edition, Jens T. Cartensen, Chris T. Rhodes,
published by Marcel Dekker. Assuming an Arrhentus dependence for the degradation
kinetics, an increase of 10° C. accelerates the effective period of storage by approximately a
factor of 2. Hence, the ICH guidelines estimate that 13 weeks at 40° C. 15 equivalent to 2
years at room temperatire {or 259 C). This conversion therefore allows that 13 weeks
storage at 40° C. and 60% relative humidity s sumilar to a 2 years shelf-life for a formulation

at 25° C.

In addition to the viscosity modifving agents mentioned above, other viscosity

modifying agent may further be added to mmpart viscostty and/or shear thinning properties to

b2
b2
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the compositions of the present invention. Suitable additional viscosity enhancing agents

include, but are not limited {o:

(a) ionic polymers including cationic polymers such as quaternary ammonium
compounds, polyquaternium compounds and quaternium silicone compounds and anionic
polvmers such as carboxymethyl cellulose (CMC) (the same or different from that referenced

above}.

Examples of suitable quaternary ammoniom compounds include, but are not limited
to, polyquaternium compounds, distearvidimonium chloride;
dipalmitoylethyihydroxyethyimonium chlornide; dioleoylethyl dimethyl ammonium
methosulfate; dioleoylethyl hydroxyethylmonium methosulfate;
dilinolamidopropyldimonium chloride; diolevlethyl hydroxyethyimonium chloride;
dipalmitoylethyldimonium chloride; cocodimonium hydroxypropyloxyethyl cellulose;
lauryldimonium hydroxypropyloxyethyl cellulose; stearyldimonium hydroxyethyl cellulose;
stearyldimonium hydroxypropy!l oxyethyl cellulose; quaternium proteins such as
hydroxypropyltrimonium hydrolyzed collagen, lauryldimonium hydroxypropy! hydrolyzed
collagen, cocodimonium hydroxypropy! hydrolyzed collagen, stearvitrimonium hydroxyethyl
hydrolyzed collagen, stearyidimonium hydroxypropy! hydrolyzed collagen,
hydroxypropylirimonium hydrolyzed keratin, cocodimonium hydroxypropyl hydrolyzed hair
keratin, cocodimonium hydroxypropyl hydrolyzed keratin, hydroxypropyltrimonium gelatin,
hydroxypropylirimonium hydrolyzed casein; quaternary starches such as
hydroxypropyltrimonium hydrolyzed wheat starch, hydroxypropylirimonium hydrolyzed
corn {maize) starch, hydroxypropyltrimonium hydrolyzed potato starch,
hydroxypropyltrimonium hydrolyzed amylopectin; Quaternium-33 {quaternary lanolin);
quaternary guar derivatives such as guar hydroxypropyltnimonium chlonde, hydroxypropyl
guar hydroxypropyltrimonium chloride; quaternary natural and plant actives {sugar

derivatives) such as choline; and mixture thereof.

Examples of suitable polyquaterniuma compounds include, but are not limited to,
Polyquaternium 6, Polyquaternium 7 {co-polymer of diallylmethyl ammmonium chlornide),

Polyquaternium 10 {quaternized hydroxyethylcellulose polymer}, Polyquaterniom 11,
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Polyquaterniom 16, Polyquaternium 22, Polyquaternium 28, Polyquaternium 29 (quaternary
chitosan), Polyquaternium 37, Polyquaternium 42, Polyquaternium 44, Polyquaternium 50
and mixtures thereof. Commercial examples include Polymer JR type from Amerchol such
as Polyquaternium 10, Cosmedia Ultra 300 or Cosmedia SP (Polyquaternuim 37) from
BASF, or cationic guar gum known Guar hydroxypropyl trimonium chloride with trade name

N-Hance and AquatCat from Ashland.

The cationic polymers may also include the quaternized products of graft polymers
from organopolysiloxanes and polvethyl oxazolines described in US5472689 and

US5747016, both of which patents are hereby incorporated by reference.

In addition to the carboxymethyl celluloses, antonic polymers can include
homopolymers and copolvmers of carboxymethyl monomers, and in particular
homopolymers and copolymers of (meth) acrylic acid, such as: polyacrylic acid, acrylic
acid/ethyl acrylate copolymers, acrylic acid/polvallyl sucrose copolymers and mixtures

thereof

{b} nonionic polymers such as polysaccharides or polysaccharide derivatives and in
particular: celluloses and derivatives thereof, such as hydroxvalkyl cellulose polymers and
alkyl hydroxyalkyl cellulose polymers such as hydroxyethyl cellulose, hydroxypropyl
cellulose, cetyl hydroxyethyl cellulose; methyl cellulose and its derivatives such as
hydroxymethyicellulose derivatives such as hydroxypropyl methylcellulose (HPMC) and
hydroxybutyl methyl cellulose (the same or different from that referenced above); natural or
synthetic gums and their derivatives, and i particular xanthan gum, guar gum, and pectin;
starch and starch derivatives; chitin such as chitosan; xyloglucan; polyvinylalcohol;

polyvinylpyrrolidone; or their derivatives

Nonionic polymers also include poloxamers having the following formula:
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HOweor (U AR O oo ({0 oo (T o 1

£,

where “x” represents the average number of PEQ units and 15 an integer of from
about 80 to about 140, optionally about 90 to about 120, or optionally from about 95 to a
about 110; “y” represents the average number of PPO units 15 an integer of from about 40 to
80, optionally from about 50 to about 70 and the ratio of “x” to “y” is no greater than 4.1 (or
about 4:1), optionally 3:1 {or about 3:1), optionally 2.8:1 {or about 2.8:1}, optionally 2:1 {or
about 2:1), or optionally 1:1 {or about 1.1), vet the ratio of “x” to “y” 15 at least 2:1 {or about

2:13, or optionally 3:1 {or about 3:1). Suitable examples of such poloxamers are described

below:
“v7 (Average “x” (Average
Pluronic N - o
Poloxamer (supplied by BASF) No. of PPO units) No. of PEQ units)
338 F10% 503 132.7
497 Fi27 652 100.2

In certain embodiments, the viscosity modifying agent 18 a cationic polymer such as
polyquatermum-37. Such a viscosity modifying agent is for example commercially available
from Cognis under the trademark name Ultragel 300 and from Ciba under the trademark

name Salcare.

In certain embodiments, the viscosity modifying agent 1s an anionic polymer such as
carboxymethyl cellulose. Such a viscosity modifying agent is for example commercially
available from CP Kelco under the trademark name FinnFix or Bow Chemical under the

, ™
tradename Walocel ™.

In certain embodiments, the viscosity modifying agent 1s nonionic polymer such as
poloxamer. Such a viscosity modifying agent 1s for example commercially available from

BASF under the trademark name Pluronic.
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In certain embodiments, the viscosity modifying agent is nonionic polymer such as
hydroxypropylmethyi cellulose. Such a viscosity modifving agent s for example
commercially available from Dow Chemical under the trademark name Methocel E10M

premium CR HPMC.

In certain embodiments, the viscosity modifying agent is selected from {or the group
consisting of },but not himited to, cationic polymers such as polyquaternium 37,
polyguaternium 7, polyquaternium 4, polyquterncium 10; anionic polymers such as
carboxymethylcellulose; non-ionic polymers such as hydroxypropylmethyl cellulose and

poloxamer 407; or mixtures thereof.

In certain embodiments, the viscosity modifying agent 1s a mixture of a nonionic
polvmer as described herein and an 1onic polvmer, including the cationic and anionic

polymers, as described herein.

In certain embodiments, the viscosity modifying agent is a mixture of two or more of
polymers selected from {or, the group consisting of }, but not himited to, cationic polymers
such as polyquaternium 37, polyquaterniom 7, polyquaternium 4, polyquternoium 10;
anionic polymers such as carboxymethylcellulose; non-ionic polymers such as

hydroxypropylmethyl cellulose and poloxamer 407; or mixtures thereof

In certain embodiments, the viscosity modifying agent 1s a mixture of two or more of

the carboxymethylceliulose, hydroxypropylmethyl cellulose and poloxamer 407.

The viscosity modifying agent(s}) 1s {are} employed in an amount sufficient to provide
the inventive composition with a viscosity such that when the composition 1s applied to the
scalp and/or hair, the composition does not easily drip down the scalp or hair fibers in a fluid-
like manner and it is able to hold the fibers together during the treatment or application

period.

At the same time, the viscosity of the inventive composition 1s such that it 1s easy to
spread or apply onto the hair fibers in a uniform manner as well as permit easy combing of

hair.
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The viscosity modifving agent (8} may be used in concentrations ranging from about
0.1% to about 10.0% by weight, optionally from about 0.5% to about 5.0% by weight, or

optionally from about 1.0% to 5.0% by weight of the total composition.

In certain embodiments, the compositions of the present invention have a viscosity of
from about 50 cps to about 30000 c¢ps, optionally from about 100 cps to about 15000 cps, or
optionally from about 500 ¢ps to about 10000 cps as measured using a Brookfield RV

(spindle 4, speed 6 RPM at 1 nunute following the temperature equilibration at 25°C + 1°C).

In certain embodiments, the compositions of the present invention have a viscosity of
less than about 10000 cps, or optionally from about 50 cps to about 8000 cps, optionally from
about 100 cps to about 6000 cps as measured using a Brookfield RV {spindle 4, speed 6 RPM

at 1 minute following the temperature equilibration at 25°C + 1°C).

Alternatively, where the composition comprises from about 5% to about 30%,
optionally from about 10% to about 25%, or, optionally, from about 15% to about 25%, by
weight, alcohol (as described herein and, in certain embodiments, ethanol); from about 0 to
about 40% , optionally from about 5% to about 30%, or optionally about 10% to about 20%,
by weight, glycol (such as propvlene glycol or pentylene glycol); from about 0.1 to about
10%, optionally from about 0.5% to about 5%, or optionally about 1% to about 3%, by
weight, Cg-Cy4s alcohol ester of a carboxylic acid (as described herein); and from about 1% to
about 15%, optionally from about 2% to about 10%, or optionally from about 2% to about
5%, by weight, nunoxidil {or a pharmacologically acceptable acid addition salts thereof),
storage stability of the compositions at temperatures both above 30°C and below 5°C can be
achieved by mcorporating a mixture of Ci»-C s alkyl lactates as the Cg-Cyy aleohol ester of a
carboxylic acid in combination with at least one cellulose dertvative (including the anionic
carboxymethylcellulose and the nomonic celluloses mentioned above). In certain
embodiments, from 0.1% (or about 0.1%) to 20% (or about 20%), optionally, from 0.5% (or
about 0.5%) to 15% (or about 15%), or, optionally, from 1% (or about 1%) to 5% (or about
5%, by weight of the composition, of the nuxture of C1,-C ysalkyl lactates 1s incorporated
with from 0.01% (or about 0.01%} to 5% (or about 5%), or, optionally from 0.1% (or about

0.1%} to 4% (or about 4%}, optionally, from 1% (or about 1%96) to 3% {or about 3%}, or,
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optionally from 0.5% (or about 0.5%) to 2% {or about 2%}, by weight of the composition, of
the at least one cellulose or cellulose dervative (including the anionic

carboxymethylcellulose and the nonionic celluloses mentioned above).

In certain embodiments, the viscosity modifying agent also imparts shear thinning
properties to the compositions of the present invention. Shear thinning is a term used
rheology to describe non-Newtonian fluids which have decreased viscosity when subjected to
shear strain. As used herein, the "shear-thinning viscosity" of the compositions of the present
invention refers to the pseudo plastic-like property of the compositions such that the
compositions upon application of a shear stress {e.g., from pumping or pouring, dispensing
during manufacture or distribution/application of the compositions) changes viscosity and
becomes less thick and flows more like water. As used herein, the "yield stress value" refers
to the minimum amount of shear stress {such as, as a result of application by pumping,
pouring or other distribution/application of the compositions) necessary before the flow of
the compositions begin or, alternatively, the point where the viscous modulus G of the
composition becomes larger than the storage modulus G, In certain embodiments the
compositions of the present invention have a shear-thinning viscosity and a yield stress value
such that when the composition is apphied to the mammal skin e.g. scalp, the shear created by
the application action {e.g., by either finger(s) or an applicator such as a roller or a dropper,
or a brush) will allow the composition to thin and spread out evenly over the treatment
surface. Once applied the composttion regains its higher viscostty which avoids drips and

runs on the scalp or face.

The shear thinning property of the compositions of the present invention can also be

described in terms the composition’s shear thuining index {as described below).
Shear Thinning Measurement Procedure

Rheological measurements were performed (TA Tnstruments ARES G2 Rheometer).
Yield stress values were measured by performing strain sweeps at | rad/s, and taking the
vield stress value as the point where the viscous modulus 7 became larger than the storage
modulus G upon increasing oscillatory stress. Frequency sweeps were performed from 100

to 0.1 rad/s at a strain in the linear viscoelastic regime. Flow curve steps were performed by

28
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stepping the shear rate from 0.1 to 1000 s and allowing the torque to reach a steady value

for each point.

a first viscosity

Shear thinning index = : -
a second 1$'lSCOS!1f:y'

R . . . L . . o~ . -1
Wherein the first viscosity 1s measurement obtained from the first shear rate of 1 s

and the second viscosity 1s the measurement obtamned from the second shear rate of 450 7.

The above mentioned rheological properties for the composition of Example 1 were

determined to be as follows:

Yield stress | Viscosity at 1 | Viscosity at Shear

value (Pas) |s' (Pas) 450 5! (Pa.s) | Thinning
Index
Composition of | 0.93 7.3 0.33 221

Example 1

In certain embodiments, the compositions of the present invention have a viscosity at
; 1 ~ - B .
a shear rate of 1 s of from about 0.1 Pas to about 15 Pa.s, or optionally from about | Pas to

about 10 Pas.

In certain embodiments, the compositions of the present invention have a viscosity at
a shear rate of 450 s°' of from about 0.01 Pa.s to about 1 Pas, or, optionally from about 0.1

Pas to about 0.5Pa.s.

In certain embodiments, the compositions of the present invention have a yield stress
value of from about G.01 Pa.s to about 5 Pa.s, optionally from about 0.1 Pas to about 2.0

Pas, or optionally from about 0.1 Pa.s to about 0.95 Pas.

In certain embodiment, the compositions of the present invention have a shear
thinning index of 10 or more, optionally, of 20 or more, optionally from about 10 to about

500, optionally from about 20 to about 100, or optionally from about 20 to about 50.

Pharmaceutically Acceptable Topical Carriers
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The topical compositions useful in this invention contam formulations suitable for
topical application to skin and scalp. The term “topical” as emploved herein relates to the use
of a composition along with a suitable pharmaceutical carrier, and applied according to the
method of the present invention at the site of hair loss, reduced hair growth or baldness for
exertion of local action. Accordingly, such topical compositions useful in the methods of the
present invention include those pharmaceutically acceptable forms in which the compound is
apphied externally by direct contact with the skin surface to be treated.

The compositions of the present invention contain the Cg-Cyy alcohol ester of a
carboxylic acid and the hair growth compound in a pharmaceutically acceptable topical
carrier. The phrase “pharmaceutically acceptable”, as used herein, denotes compatibility
with the active contemplated herein, including the hair growth actives. The pharmaceutically
acceptable topical carriers are also compatible with the skin, scalp and any keratinous
substrates.

Accordingly, the pharmaceutically acceptable topical carrier 15 formulated such that
upon mixing with the Cs-Cya alcohol ester of a carboxylic acid the combined mixture is a
multiple phase mixture with the Cg-Cyq alcohol ester of a carboxvlic acid forming one phase
and the pharmaceutically acceptable topical carrier forming separate phase. In certain
embodiments, the multiple phase mixture 13 a bi-phasic mixture.

In certain emnbodiments, the pharmaceutically acceptable topical carrier of the present
mvention mcludes one or more solubilizers for the hair growth compound. Suitable
solubthizers include, but are not limited, monohydric or polyhydric simple alcohols,
including, but not limited to, water, C;-Cs alcohols (such as methanol, ethanol, n-propanoi,
isopropanol}, n-butanoi such as 1-butanol, n-hexanol, 2-ethyl-1-hexanol, polyhydric alcohols
(such as ethvlene glycol, propylene glycol, polypropylene glycol [e.g., polyethylene glycol
200 (PEG 200), polyethylene glycol 400 (PEG 400}], pentylene glyeol, the butanediol
isomers, 1,5 pentane diol, 1,2,6 — trihydroxvhexane, 1 2-ethyl-1,3-hexanediol, 1,7-
hepatanediol, or glycerin}; ether alcohols, such as, for example, 1-methoxy-2-propanel, 3-
ethyl-3-hydroxymethyloxetan, tetrahydrofurfurvi alcohol, ethylene glyvcol monomethyl ether,
ethylene glycol monoethy! ether, ethylene glycol monobutyl ether, diethylene glycol
monomethyl ether, diethylene glycol monoethyl ether, diethviene glycol monobutyl ether,

diethylene glycol or dipropylene glycol; solubilizers such as xylene, chlorobenzene, ethyl
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acetate, butyl acetate, diethylene glycol dimethyl ether, dipropylene glycol dimethvl ether,
ethylene glycol monomethyl or monoethyl ether acetate, diethylene glycol ethyl and butyl
ether acetate, propylene glycol monomethyl ether acetate, 1-methoxypropyl-2-acetate, 3~
methoxy-n-butylacetate, propylene glycol diacetate, N-methyipyrrolidone and N-
methylcaprolactam, tocophery! polyethylene glvcol succinate (TPGS), dimethylformamide
(DMF), dimethylacetamide (DMA), capryl-caproyl macrogol 8-glyceride {Labrasol) or
nuxtures of any of the above mentioned solubilizers.

In certain embodiments, the solubilizer of the present invention is selected from one
or more C;-C; alcohol(s) such as ethanol, n-propanol, isopropancl; one or more polyhydric
alcohol(s) such as propylene glycol, polypropylene glycol, pentylene glycol, glycenn; ethyl
acetate and mixtures thereof. In certain embodiments, the solubilizer of the present invention
comprises ethanol, 1sopropanol, pentylene glycol, propylene glycol, ethyl acetate,
polyethylene glycol and muxtures thereof

In certain embodiments, the one or more solubilizer(s) 1s present in the composition
i an amount of from about 0.1% to about 60%, optionally, from about 0.1% to about 50%,
or, optionally, from about 0.1% to about 40%, by weight of the total composition.

In certain embodiments, the one or more C;-C; alcohol{s) are present in the
composition i an amount of from about 0.1% to about 40%, optionally, from about 1% to
about 30%, or, optionally, from about 10% to about 25%, by weight of the total composition.

In certain embodiments, the one or more polyhydric alcohol{s) 1s present in the
composition 1t an amount of from about 0.1% to about 40%, optionally, from about 1% to
about 30%, or, optionally, from about 5% to about 25%, by weight of the total composition.

In certain embodiments, the compositions of the present invention further comprise
water in an amount of from about 5% to about 60%, optionally, from about 10% to about
50%, or, optionally, from about 20% to about 40%, by weight of the total composition.

In certain embodiments, to obtain “clear” compositions, the monohydric {such as
ethanol, propanol, 1sopropanol and mixtures thereof) and dihydric (such as propylene glycol,
butviene glycol, pentylene glycol and mixtures thereof) alcoholic solubilizers are
incorporated at a total concentration of from about 20% to about 90%, optionally from about

30% to about 80%, optionally from about 35% to about 80%, optionally, from about 40% to
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about 75%.,, or, optionally, from about 50% to about 70%, by weight of the total
composition.

The term “clear” as used herein means a solution or gel composition free of or
substantially free of particles or droplets greater than 2 microns {(optionally, 1 micron). The
term “‘substantially free” as used with respect to particles or droplets greater than 2 microns
{optionally, 1 micronymeans solution or gel compositions having less than 20, optionally 10,
or optionally 5 of particles or droplets greater than 2 microns (optionally, 1 micron) per 0.5
mm? field of view when viewed by a high magnification microscope (such as an Hirox RH-
2000E with MXB-5000REZ lens).

The term clear also means a solution or gel composition free of or substantially free
of turbidity when visually inspected. The term "turbidity" as used herein means the
cloudiness or haziness of a fluid caused by individual particles (suspended sohids or hiquids)
that are generally invisible to the unaided eve. Fluids can contain suspended solid or liguid
matter consisting of varying particle size. While some suspended material will be large
enough and heavy enough to settle rapidly to the bottom of the container {or separate into
distinet layers) if a hquid sample 15 left to stand , very small particles will settle {or separate
out} only very slowly or not at all if the sample 1s regularly agitated or the particles are
colloidal. These small solid or hiquad particles cause the hiquid to appear turbid.

{One property of such sohd or iquid particles 15 that they will scatter a hight beam
focused on them. This light scattering effect s considered a good measure of turbidity in
water. Turbidity measured this way uses an nstrument called a Turbidimeter with the
detector setup to the side of the light beam. The more particles floating in water, the more
light 1s scattered toward the detector and the higher the value of detected light A lower
value of detected light indicates a clearer or less cloudy solution. The units of turbidity from
a calibrated Turbidimeter (such as a Laboratory Turbidimeter HACH Model 2100N
operating at ambient temperature {20°C]) are called Nephelometric Turbadity Units (NTUs).
A clear formulation is defined as a formuation with an N'TU of less than 10 {or about 10},
optionally less than 8 {or about 8), or optionally less than 6 (or about 6).

In certain embodiments, where the composition comprises a C;-Cyg alkyl lactate, the

clarity of the composition is dependent upon the concentration of the Ci,-Cys alkyl lactates.
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The relationship can defined in terms of the following “relative dielectric constant index”

{R1) equation:

RI={D1/D2)/% concentration of C;,-C;5 alkyl lactate (as percentage of total

(v

composition}

Where:
D1 = the total dielectric constant of all non-agueous solvents

D2 = the total dielectric constant of aqueous solvents/the cone.

10 The present inventor has found that compositions having an Ri value of greater than 0.15
were determined to be clear compositions.

In certain embodiments, the hair growth compounds are dissolved in or contain as
auxtliary components one or more solubilizing acid(s) which dissolve minoxidil (and other
compounds of formulas T and 1T} such as citric acid, acetic acid, succmic acid, maleic acid,

15 benzoic acid, lactic acid, tartaric acid, barbuturic acid, protocatechuic acid, galhic acid, 5-
nitro-2-furoic acid, alpha-keto acids and muxtures thereof. In certain embodiments, the
solubilizing acids are selected from citric acid, lactic acid, alpha-keto acids or mixtures
thereof.

When used, the lactic acid or lactate may be selected from the group consisting of

20 lactic acid, salts of lactic acid, pro-drugs of lactic acid, and muxtures thereof. The salts of
lactic acid may include, but 1s not limited to, alkali salts and alkaline earth salts. In certamn
embodiments, the lactate 1s selected from the group consisting of lactic acid, lithium lactate,
sodium lactate, potassium lactate, magnesium lactate, calcium lactate, zinc lactate,
manganese lactate, and the like, and muxtures thereof. In other embodiments, the lactate 13

25 selected from the group consisting of lactic acid, sodium lactate, potasstum lactate,
magnesium lactate, calcium lactate, zinc lactate, manganese lactate, and mixtures thereof. In
stili further embodiments, the lactate is lactic acid. Additionally or alternatively, an alpha-
keto acid may be used as the awxiliary component acid. In certain embodiments, the alpha-
keto acid is a pyruvic acid selected from the group consisting of pyruvic acid, lithium

30 pyruvate, sodium pyruvate, potassium pyruvate, magnesium pyruvate, calcium pyruvate, zinc
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pyruvate, manganese pvruvate, methyl pyruvate, salts thereof, prodrugs thereof, and mixtures
thereof.

When present in the compositions of the present invention, the one or more
solubilizing acid(s) is present in an amount suitable for dissolving the hatr growth compound.
In certain embodiments, the one or more solubilizing acid(s} is present in the composition in
an amount from about 0.1% to about 10%, optionally, from about 0.5% to about 7.5%, or,

optionally, from about 1.0% to about 5.0%, by weight of the composition.

In certain embodiments, the pharmaceutically acceptable topical carrier of the present
mvention includes one or more emulsifier(s). Emulsifiers may be nonionic, anionic, cationic,
and/or polymeric. Examples of suitable emulsifiers include, but are not limited to, those
typically identified as such in the art of personal care and cosmetic formulations, e.g |
cationic emulsifiers such as distearyidimonium chlonde, non-ionic emulsifiers such as
steareth-2, steareth-21, glyceryl stearate, glyceryl laurate, lecithin, glycol stearate, glycol
stearate SE, glycol distearate, sorbitan esters, such as sorbitan trioleate, sorbitan oleate,
sorbitan stearate, ceteth-2, PEG-30 dipolvhyvdroxvstearate, PEG-4 dilaurate, Laureth-4, PEG-
7 glyceryl cocoate, polysorbate 85, PEG-100 stearate, PEG-8 laurate, PEG-8 oleate,
polysorbate 60, polysorbate 80, ceteary] glucoside, Oleth-20, Ceteth-20, PEG-25
hydrogenated castor oil stearamide MEA, stearvl alcohol, cetyl alcohol; anionic emulsifiers
such as potassium cetyl phosphate; polymeric emulsifiers such as
acryloyldimethyltaurate/VP copolymers, and the like and mixtures of any of the above
emulisifiers,

In certain embodiments, the emulsifier of the present invention s selected from the
group consisting of steareth-2, glyceryl stearate, polysorbate 60, polysorbate 80, stearvl
alcohol, cetyl alcohol and mixtures thereof. In certain embodiments, the emulsifier of the
present mvention is steareth-2, polysorbate 60 and mixtures thereof.

In certatn embodiments, the one or more emulsifier(s) is present m the composition in
an amount from about 0.1% to about 15%, optionally, from about 0.1% to about 10%, or,

optionally, from about 0.1% to about 5%, by weight of the total composition.

In certamm embodiments, the pharmaceutically acceptable topical carner can be many

product form, including cintments, pastes, gels, jellies, serums, aerosol and non-aerosol
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sprays, foams, creams, lotions, solutions, toners, suspensions, leave-on conditioners, and the
like. The term “ointment” embraces formulations {including creams} having oleaginous,
absorption, water-soluble and emulsion-type bases, e.g., petrolatum, lanolin, polyethylene
glycols, as well as mixtures of these. A more detailed discussion of the specific carriers and
additional components useful in the compositions of the present invention can be found in
U.S. Patent Publication 2008/0145331 to Bruning et al., herein incorporated by reference in
its entirety. In one embodiment, the pharmaceutically -acceptable topical carrier constitutes
from about 50% to about 99.99%, by weight, of the composition or optionally from about
80% to about 95%, by weight, of the composition.

Alternatively, rinse off carrier forms such as shampoos, cream rinses, conditioners,

cleansers and cleansing lotions may also be used.
Vesicles

The compositions of the present invention also comprise one or more vesicles. In
certain embodiments, the vesicles are liquid vesicles. In certain embodiments, the vesicles
are non-phospholipid vesicles. Fig. 1 1s a picture of a microscopic field of view as obtained
using a Olympus BXS1 Microscope {as described below) showing the liquid vesicles

contained in the composition of Example 1 (below}.

In certain embodiments, the vesicle has an average diameter of from about 0.05um to
about 20um, optionally from about 0.1um to about 15um, or optionally from about 0.3 to
about 10um. Measurement of the average diameter of the vesicles of the present invention is
described in more detaul below. In certain embodiments, the vesicles are multilayer (1.e,
have at least two layers} where the layers have a layer thickness of about 0.01um to about 2

um, preferably about 0.05um to about Tpm.

The following procedure can be used to determine the average diameter of vesicles in

the microscopic field of view as depicted in Fig. 1:

A transmission microscope equipped with conventional CCD camera technology (1.e,
Olympus BX51 Microscope, Magnification 100X} was used to obtain a magnified field of

view to acquire a microscopic image of the vesicles. The vesicles within the magnified field
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of view of the microscope are detected and their corresponding diameters were measured by
the accompanying image analysis software of the microscope {1.e, analySIS image software,

Olympus Soft Imaging Solutions GmbH)}.

The statistical analysis output for the magnified field view of Fig. 1 that was obtained
using the above described image analysis software i1s shown i Table A below. It was found
that average diameter of the vesicles in the magnified field of view of Fig. T was about 0.7

um +0.83m.

Table A
| Parameter Yalue

Count {the total nomber of vesicles detected in the magnified field of view

of Fig. I} 2918
Average Diameier 0.70 um
Miniroum Digmeter 013 um
Maximum Diameter 1081 um
Standard Deviation of Average Diameter 0.83 ym

The vesicle shown 1n Fig. 1 has an average diameter of 0. 7um, with a minimum

diameter of 0.13 um and maximum diameter of 10.8um.

Fig.2 shows a freeze-fractured SEM {(scanning electron microscopy) picture of partial

cross-section of one of the liquid vesicles contained in the composition of Example I (below}.

Fig. 2 also depicts the multiple layers of the hiquid vesicle, showing layer thicknesses
“a” and “b”. The layer thickness “a” 1s about 0.4pum and the layer thickness “b” is about
0.2um as measured using the “2um” measurement scale depicted at the bottom the picture of

Fig 2.

The Cys-Cy4 alcohol ester of a carboxylic acid and/or the hair growth compound can be
present in either the vesicle or the pharmaceutical acceptable topical carrier, or in both the

vesicle and the pharmaceutical acceptable topical carrier.

Optional Ineredients
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Additional Actives

In certain embodiments, the compositions of the present invention may, optionally,
further include active agent selected from the group consisting of additional hair growth
actives, anti-acne agents, antimicrobial agents, anti-fungal agents, antibiotic or antiseptic
agents, antipsoriatic agents, anti-viral agents, anti-seborrea agents, anti-dandruff agents,
active agents for treating keratosis pilaris, anti-inflammatory agent, vasodilators, UV

absorbers and anti-cancer agents.

In certain embodiments, the compositions of the present invention include additional
hair growth actives. In certain embodiments, the additional hair growth active selected from
a group of compounds known to promote hair growth and available as drugs, such as
diazoxide, pinacidil, bimatoprost, finasteride, a type 2 S-alpha-reductase inhihitor, and
dutasteride, a type 1- and 2-5-alpha-reductase inhihitor, as well as flutamide, bicalutamide,
pregnane derivatives, progesterone derivatives, experimental agents such as FCE 28260 and
the like. Sprronolactone and other diuretics may also be utilized as it 1s indicated for women
n some cases {also known as aldactone: an aldosterone receptor antagonist). Also useful as
hair growth agents are azole antifungals as mentioned below. Examples of suitable azole
antifungals include, but are not limited to, miconazole, ketoconazole, econazole,
itraconazole, sertaconazole, fluconazole, voriconazole, clioguinol, bifoconazole, terconazole,
butoconazole, tioconazole, oxiconazole, sulconazole, saperconazole, clotrimazole,
undecylenic acid, haloprogin, butenafine, tolnaftate, nystatin, ciclopirox olamne, terbinafing,
amorolfine, naftifine, elubiol, griseofulvin, their pharmaceutically acceptable salts, and
combinations thereof

Also useful n certain embodiments as the additional hair growth active are herbal
remedies that may have S-alpha-reductase inhibitory action or actives with inhibitory activity

for dibydrotestosterone (DHT) or otherwise induce hair growth may include: saw palmetto,

-sitosterol and Pygeum africanum. Other additional hair growth actives that may have such
activity are beta-sisterol, sepicontrol and licorice, gamma-linolenic acid and other
unsaturated fatty acids, zinc, copper and their salts, Cotinus coggygria exiract, green tea
catechin {—}-¢pigallocatechin gallate (EGCG) and other polyphenols, and the like. Grape
seed, apple seed, apple juice, blackberry, millet seed, marione extract, cysteine, Thuja
orientalis extract, Polygonum multiflorum thunberg extract, Espinosilla extract, Hibiscus rosa
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sinensis flowers, murraya koenign, hinokitiol, and barlev extracts may also be potential
additional hair growth actives, although they are not thought to be very common or
satisfactory in achieving satisfactory hair growth results.

The additional hair growth active may also include agents or natural extracts that
activate or inhibit the Wnt or beta-catenin pathway such as valproic acid (VPA), lithium
salts, dihydroquercetin-glucoside (DHQG), epigallocatechin gallate-glucoside, agents or
natural extracts that can accelerate hair follicle growth such as placental growth factor
(PIGF), reflexa (C. reflexa) etc, epidermal growth factor (EGF), vascular epithelia growth
factor (VEGF), fibroblast growth factors (FGF) such as FGF 5, or FGFS, BMP (bone
morphogenetic protein} inhibitors such as 6-(4-(2-(piperidin-1-yhethoxy)pheny-3-(pyridin-
4-ylpyrazolo[1,5-alpyrimidine, dorsomorphinor nuxtures thereof . Inhibitors for TGF-B
such as proanthocyanidines like procyanidine B from the flavonoids can also be used.

Additional hair growth actives may also include Prostaglandin D, mhibitors, or
Agents with antiandrogenic properties Cortexolone 1 7a-propionate.

Other additional hawr growth actives include prostaglandine analogues licke vsprostol,
or latanoprost, bimatoprost or their deriavtives, extract of red deer antler, Adiantum capitius-
veneris Linn. (A capillus-venenis), ginsenoside F2} and mixtures thereof.

Mixtures of any of the above described additional hair growth actives can also be

used.

An anti-acne agent 1s a compound that has been approved by the U.S. Food and Drug
Admumstration for the topical treatment of acne. Examples of suitable anti-acne agents
melude, but are not limited to, salicylic acid, benzovl peroxide, sulphur, retinoic acid,
candida bombicola/glucose/methyl rapeseedate ferment, peat water, resorcinol, silt, peat,
permethin, azelaic acid, clindamycin, adapalene, eryvthromycin, sodium sulfacetanmude,
minocychine, tetracycline, oxycycline, sodium sulfacetamide, dapsone, retinoid such as
isotretinoin, tretinoin, ethinyl estradiol, norgestimate, nicotinamide, and their derivatives, and

combinations thereof.

Antimiterobial agents are compounds that kill microorganisms or prevent or mhibit
their growth or reproduction. Examples of suitable antimucrobial agents include, but are not

himited to: ethanol, propanol, betains, benzalkonmum chioride, benzethonium chioride, lauric
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arginayte, sugarquat, methyl benzethonum chloride, cetypyridiuniuom chlornde, 2,4,4' .-
trichloro-2-hydroxy diphenvl ether (Triclosan), parachlorometa xylenol (PCMX,
lodopropyny! butylcarbamate, diazolidiny! urea, chlorhexidene digluconate, chlorhexidene
acetate, chlorhexidene isethionate, chlorhexidene hydrochloride, hexetidine, Quaternium 15,
triclocarbon, polyhexamethylene biguanide, cetvlpyridium chloride, inudazolidinyl urea,
diazolidinyl urea, 3-1odo-2-propynyl-N-butylcarbamate, 2-methyl-4-isothiazohin-3-one,
dimethy! dimethy! hydantoin, (5-chloro-2-(2,4-dichlorophenoxyphenol, monolaurin glyceryl
laurate, camellia sinensis, candida bombicola/glucose/methyl rapeseedate ferment, hydrogen
peroxide, phenol, poloxamer 188, PVP-iodine, thiourea, natural antimicrobial agents, such as
cinnamon oil, cinnamaldehyde, lemongrass oil, clove oil, saw palmetto extract, thyme ol
white, thyme oil red, thymol, tea tree oil, pinus pinaster bark extract, rosemary leaf extract,
grape seed extract, and betel o1, silver containing compounds, such as silver nitrate, silver
lactate, stiver citrate, and silver zeolite, antimicrobial fatty acid ester of a polyhydric alcohol,
a fatty ether of a polyhydric alcohol and alkoxylated derivatives thereof, and combinations

thereof,

Antimaicrobial agent includes anti-fungal agents such as an azole. Examples include,
but are not limited to, nuconazole, ketoconazole, econazole, liraconazole, sertaconazole,
fluconazole, voriconazole, clioquinol, bifoconazole, terconazole, butoconazole, tioconazole,
oxiconazole, sulconazole, saperconazole, clotrimazole, undecylenic acid, haloprogin,
butenafine, tolnaftate, nystatin, ciclopirox olamine, terbinafine, amorolfine, naftifine, elubiol,

griseofulvin, their pharmaceutically acceptable salts, and combinations thereof.

Auntimicrobial agents include antibiotics or antiseptics. Examples of these include, but
are not limited to, mupirocin, neomycin sulfate bacitracin, polymyxin B, 1-ofloxacin,
tetracychines such as chlortetracychine hydrochloride, oxytetracycling-10 hydrochloride and
tetrachcycline hydrochlonide, clindamycin phosphate, gentamicin sulfate, metromdazole,
hexylresorcinol, methylbenzethonmum chloride, phenol, quaternary ammonium compounds,

tea tree oil, and combinations thereof,

Examples of antipsoriatic agents include, but are not hmited to, corticosteroids {e.g.,

betamethasone dipropionate, betamethasone valerate, clobetasol propionate, difforasone
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diacetate, halobetasol propionate, triamcinonide, dexamethasone, fluocinonide, fluocinolone
acetonide, halcinonide, triamcinolone acetate, hydrocortisone, hydrocortisone venerate,
hydrocortisone butyrate, aclometasone dipropionte, flurandrenclide, mometasone furoate,
and methylprednisolone acetate), methotrexate, cyclosporine, calcipotriene, anthraline, shale
oil, elubiol, ketoconazole, coal tar, salicylic acid, zinc pyrithione, selenium sulfide,
hydrocortisone, sulfur, 2 2'-sulfanediyibis(4,6-dichlorophenol) (bithionol), 6-hydroxy-1,3-
benzoxathiol-2-one (tioxolone), 2,7-dimethylthianthrene (mesulfen), menthol, and pramoxine

hydrochloride, and combinations thereof.

Examples of anti-viral agents include, but are not limited to, imiquimod, podofilox,

podophyllin, interferon alpha, acyclovir, fameyclovir, valeyclovir, reticulos and cidofovir.
Anti-seborrea or sebum inhibition agents such as elubiol.

Examples of anti-dandruff agents include but are not limited to zinc pyrithione,
elubiol, coal tar, salicylic acid or selenium sulfide, sulphur, ketoconazole, corticostercids

such as fluocinolone acetonide, caffeine and combinations thereof.

Active agenis for treating keratosis pilaris. Examples of active agents for treating
keratosis pilaris include but are not mited to fluoracil, Imigquimeod, amimolevulinic acid and

combinations thereof

Examples of anti-inflammatory agents, include, but are not limited to, non-steroidal
and steroidal anti-inflammatory agents such as corticosteroids such as hydrocortisone,
hydroxyltriamcinolone alphamethyl dexamethasone, dexamethasone-phosphate,
beclomethasone dipropionate, clobetasol valerate, desonide, desoxymethasone,
desoxycorticosterone acetate, dexamethasone, dichlorisone, diflorasone diacetate,
diftucortoione valerate, fluadrenolone, fluclarolone acetonide, tludrocortisone, flumethasone
pivalate, fluosinolone acetonide, fluoccinonide, flucortine butylester, fluocortolone,
fluprednidene {(fluprednylidene)acetate, flurandrenolone, halcinonide, hydrocortisone acetate,
hydrocortisone butyrate, methylprednisolone, triamcinolone acetonide, cortisone,
cortodoxone, fluceionide, fludrocortisone, difluorosone diacetate, fluradrenalone acetonide,

medrysone, ameiafel, amcinafide, betamethasone, chlorprednisone, chlorprednisone acetate,
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clocortelone, clescinolone, dichlorisone, difluprednate, flucloronide, flunisolide,
fluoromethalone, fluperolone, fluprednisolone, hydrocortisone valerate, hydrocortisone
cyclopentylproprionate, hydrocortamate, meprednisone, paramethasone, prednisolone,
prednisone, beclomethasone dipropionate, betamethasone dipropionate, and triamcinolone,
and combinations thereof. Examples of non-steroidal anti-inflammatory agents include but
not limited to COX inhihitors, LOX inhibitors, and p38 kinase inhibitors, immunosuppresant
agents such as cyclosporin, and cytokine synthesis inhtbitors. Other natural anti-
inflammatories include, but are not limited to, extracis of feverfew, boswellia, aloe vera,
chamomulle, lavender, soy, or oats, beta-glucan, and totarol. Other active agents include, but
are not himuted to, wound healing enhancing agents such as calcium alginate, collagen,
recombinant human platelet-derived growth factor (PDGF) and other growth factors,
ketanserin, iloprost, prostaglandin Ey and hyaluronic acid (including cross-linked hyaluronic
acid); scar reducing agents such as mannose-6-phosphate; analgesic agents; debriding agents
such as papain, and enzymatic debriding agents; and anesthetics such as lidocaine and
benzocaine. In one embodiment, the composition comprises one or more of menthol,
camphor, an antihistamine, or a local anesthetic such as tetracaine, hidocaine, prilocaine,
benzocaine, bupivacaine, mepivacaine, dibucaine, etidocaine, butacaine, cyclomethycaine,

hexylcaine, proparacaine, and lopivacaine, capsaicin, or oatmeal.

Examples of vasodilators include: methylnicotinate, arginine, hexyinicotinate,
papavering, tolazoline, acetylcholine, sodium nitroprusside, mitroglveerine, adensosine ora

combination thereof

Examples of suitable UV absorbers include benzophenone, bornelone, butyl paba,
cinnamidopropyl trimethy! ammonium chlornide, disodium distyrylbiphenyl disulfonate, paba,

potassium methoxycinnamate, and mixtures thereof

Examples of anti-cancer agents include: AG-490; aldesleukin; alemtuzumab;
alitretinoin; allopurinol; aliretamine; amifostine; An-238; anastrozole; arsenic trioxide;
asparaginase; BCG Live (Bacillus Calmetie-Guerin); bevazizumab; bexarotene; bleomycin;
busulfan; calusterone; capecitabineg; capecitabine; carboplatin; carmustine; celecoxib,

cetwximab; chlorambuci]; cisplatin cladribine; cyclophosphamide; cyclophosphamide;
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cvtarabine; dactinomycin; darbepoetin alfa; dasatinib; daunorubicin; daunorubicin,
daunomycin; denileukin diftitox; dexrazoxane; docetaxel, doxorubicin, dromostanolone
propionate; Elliott's B Solution; endostatin; epirubicin; epoetin alfa; estramustine; etoposide
phosphate; etoposide, VP-16; exemestane; filgrastim; floxunidine; fludarabine; fluorouracil;
FTI-2777; fulvestrant; gefitinib; gemcitabine; gemcitabine; gemtuzumab ozogamicin; GGTI-
298; goserelin acetate; gossypol; hydroxyurea; ibritumomab; idarubicin; idarubicing
ifostamide; imatinib mesylate; interferon alfa-2a; interferon alfa-2b; IL-2; IL-12; innotecan;
letrozole; leucovorin; levamisole; lomustine; meclorethamine; nitrogen mustard; megestrol
acetate; melphalan, L-PAM; mercaptopurine, 6-MP; mesna; methotrexate; methoxsalen;
mitomyein C; mitotane, nutoxantrone; nandrolone phenpropionate; nofetumomab;
oprelvekin; oxaliplatin; paclitaxel; pamidronate; pegademase; pegaspargase; peghilgrastim;
pentostatin; pentostatin; pipobroman; plicamycin; mithramycin; porfimer sodium; PP2;
procarbazine; quinacrine; rasburicase; RC3095; rituximab; sargramostim; streptozocin; tale;
tamoxifen; temozolomide; teniposide, VM-26; testolactone; thioguanine, 6-T(; thiotepa;
topotecan; toremifene; tositumomab; trastuzumab; tretinoin, ATRA; UQ126; uracil mustard;

valrubicin; vinblastine; vincristine; vinorelbine; wortmanin; and zoledronate.

In certain emmbodiments, the active are water soluble actives. Suitable examples
mclude, but are not limited to, sulfonated molecules such as, for example sodium sulfate,
water soluble vitamins {(or their derivatives) such as thiamine, riboflavin (B2), nicotinic acid,
niacin, biotin (B7), folate (B9}, cobalamin, panthenol, panththentc acid, choline, ascorbic
acid; water soluble proteins such as keratins, collagens, elastins, wheat germ protems, wheat
proteins, soy proteins, protease, serum proteins, hair proteins; water soluble peptides and
polypeptides such as amino acids derived from protemn hydrolysis such as those described n
US 6,419,913, herein incorporated by reference; plant extracts obtained from water extract
process such as feverfew extracts and soy extracts; ethanol soluble such actives include
depilating agents such as calcium thioglycolate, potassium thioglycolate and external

analgesics and local anesthetics such as benzocaine.

In certain embodiments, the active is o soluble. Suitable examples include, but are
not limated to, vitamins or their denvatives such as vitamun E, vitamin D5, vitamin A, retinol,

retinoids or melatonin,
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Mixtures of the above additional actives can also be used.

Some embodiments of the present invention further include color stabilizers. Suitable
color stabilizers include, but are not limited to, butylated hydroxyioluene or IRGANOX®
1010, a hindered phenol available from Ciba-Geigy, Hawthorne, N.Y., U.S. A IRGANOX®
1010 1s tetrakis|methylene(3, S-di-tert-butyl-4-hydroxyhydrocinnamate)| methane. In certain
embodiments, the color stabilizer i1s used in an amount of about 0.05 to about 1.0% by weight

based on the total weight of the compositions of the present invention.

Non-ionic Lipid

In certain embodiments, the compositions of the present invention further include a
non-tonic hipid. The non-ionic lipid can form micro- or nano- vesicles in an emulsion of any

types such as o1l in water (o/w}, water in oil (w/0), oil in water in silicone.

In certam emnbodiments, the non-1omie hipids include non-1onic hipid such as glyceryl
monoesters having a fatty acid chain containing from about 3 to about 50 carbon atoms, and
optionally from about 10 to about 18 carbon atoms; glyceryl diesters having a fatty acid
chain containing from about 5 carbon atoms to about 25 carbon atoms, and optionally from
about 10 carbon atoms to about 18 carbon atoms; alkoxylated aleohols; alkoxylated alkyl
phenols; atkoxylated acids; alkoxylated amides; alkoxylated sugar derivatives; alkoxyiated
derivatives of natural oils or waxes; polvoxyethylene polvoxypropylene block copolymers;
polyoxyethyiene ether fatty acids having a fatty acid chain containing from about 10 carbon
atoms to about 18 carbon atoms; steroids; fatty acid esters of alcohols where the fatty acid 1s
straight or branched chain having from about 10 carbon atoms to about 20 carbon atoms and
the alcohol 1s straight or branched chain having 1 to 10 carbon atoms; and mixtures thereof,
wherein, optionally, the alkoxvlated lipids are alkoxylated with ethylene oxide or propylene

oxide, or optionally ethylene oxide.

Non-hmiting examples of suitable glyceryl monoesters include, but are not limited to,
glyceryl caprate, glycervl caprylate, glyceryl cocate, glyceryl erucate, glyceryl
hydroxysterate, glyceryl isostearate, glyceryl lanolate, glyceryl laurate, glyceryl linolate,

glyceryl myristate, glyceryl oleate, glyceryl PABA, glyceryl palmitate, glyceryl ricinoleate,
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glyceryl stearate, glyceryl thigiveolate, and mixtures thereof, optionally glycervl laurate,

glyceryi myristate and mixtures thereof.

Non-limiting examples of suitable glyceryl diesters include, but are not limited to,
glyceryl dilaurate, glyceryl dioleate, glyceryl dimyristate, glyceryl disterate, glyceryl
sesuioleate, glyvceryl stearate lactate, and mixtures thereof, optionally glyceryl dilaurate,

glyceryl dimyristate and mixtures thereof.

Non-limiting examples of suitable polyoxyethylene fatty ethers include, but are not
limited to, polvoxyvethylene cetyl/stearyl ether, polyoxyethylene cholesterol ether,
polvoxyethylene laurate or dilaurate, polyoxyethylene stearate or distearate, polyvoxyethylene
lauryl or stearyl ether, and mixtures thereof, wherein the polvoxyethylene head group ranges
from about 2 to about 100 groups. In certain embodiments, the polyoxyethylene fatty ethers
include polyoxyethylene stearyl ether, polyoxyethylene myristyl ether, polyoxyethylene

lauryl ether having from about 3 to about 10 oxyethylene units and mixtures thereof.

Non-hmiting examples of suitable steroids include, but are not himited to, cholesterol,

betasitosterol, bisabolol, and mixiures thereof

Non-limiting examples of suitable fatty acid esters of alcohols include 1sopropyl
myristate, aliphati-isopropyl n-butyrate, 1sopropyl n-hexanoate, isopropyvl n-decanoate,

isoproppy! palmitate, octyidodecy! myristate and mixtures thereof.

In certain embodiments, the non-1onic lipid in the compositions of the invention have

the structure shown in formula 1 below:
R s--(OCH ,CH ,)y—OH Formulal

wherein R 515 a branched or unbranched alkyl group having from about 6 to about 22
carbon atoms and v is between about 4 and about 100, and preferably, between about 10 and
about 100. A preferred alkoxylated alcohol is the species wherein R s1s a lauryl group and v
has an average value of 23, which 1s known by the CTFA name "laureth 23" and is available

from ICT Americas, Inc. of Wilmington, Del. under the tradename, "BRIJ 35"
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In other embodiments, the alkoxylated alcohol 1s an ethoxylated derivative of lanolin
alcohol. Lanolin alcohol 1s a mixture of organic alcohols obtained from the hydrolysis of
lanolin. An example of an ethoxylated derivative of lanolin alcohol is laneth-10, which is the

polyvethylene glycol ether of lanolin alcohol with an average ethoxylation value of 10

In an embodiment, the alkoxylated alcohol 1s polyoxypropylene polvoxyethylene

alkyi ether, the structure of which is shown schematically in formuia Il below:

Formuda II
CHy

R{OCHCH ), (OCHCH 53 OH

wherein x:q 1s about 2:2 to about 38:37. An exemplary member of this class of
materials is the material known by the CTFA name "PPG-12-Buteth-16," which conforms to
structure T above wherein R 18 a butyl group, X has an average value of 12 and v has an
average value of 16. This matenial 1s available from Amerchol Corp. of Edison, N.J. under

the tradena me, "UCON Fluid 50-HB-660."

Another type of non-1onic lipids include alkoxvlated alkyl phenols, which generally

conform to the structure of formula 11

Forowls i

{OCHCHy Ol
R

wherein R 41s a branched or unbranched alky] group having about 6 to about 22
carbon atoms and z is between about 7 and 120, and preferably, between about 10 and about

120. An especially preferred member of this class of materals is the species wherein Rsis a

45



WO 2017/116937 PCT/US2016/068185

nonyl group and z has an average value of about 14. This material is known by the CTFA
name "nonoxynol-14" and is available under the tradename, "MAKON 14" from the Stepan

Company of Northfield, TlL.

Another tvpe of non-ionic lipids include alkoxvlated acids, which are esters of an

(v

acid, most usually a fatty acid, with a polyalkylene glvcol. An exemplary material of this

class has the CTFA name "PEG-8 laurate,” and the following structure shown in formula IV

Formauala TV

I“"}

.

2}

CHA(CH ) 10

o~

s COUHACH g QH

Another type of non-tonic lipids includes the alkoxylated amides that may conform to

10 one or both of structures V or VI shown below:

Formula ¥
{E} (CHLCH,Ojr—H

(CHLCH,ON—H

Formula Vi

R G N Hmm (CHACHO

wherein n 18 from about 8 to about 100 and the sum of m plus b is from about 8 to
1

(v

about 100. An exemplary member of this class is known by the CTFA name "PEG-6
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Cocoamide,” which conforms generally to structure V wherein R'CO represents the fatty

acids derived from coconut oil and n has an average value of about 6.

Another type of non-tonic lipids includes the alkoxylated sugar derivatives. An

exemplary member of this class, which is known by the UTFA name "Polysorbate 20," is a

(v

mixture of laurate esters of sorbitol and sorbitol anhydrides, consisting predominately of the
monoester, condensed with about 20 moles of ethylene oxide. This material is available

under the tradename "TWEEN 20" from ICI Americas of Wilmington, Del.

Another example of an alkoxylated sugar derivative useful 1n the compositions of the
invention is PEG-20 methylglucose sesquistearate, which is the polyethyleneglycol ether of
10 the sesquiester of methyl glucose and stearic acid, contains an average of 20 moles of
ethylene oxide, and is available under the tradename, "Glucamate SSE-20" from the

Amerchol Corp. of Edison, N.J.

Another type of non-ionic lipids includes the alkoxylated derivatives of natural oils

and waxes. Examples of this class of material include PEG-40 lanclin, PEG-40 castor oil and

15 PEG-40 hydrogenated castor oil.

Another type of non-ionic lipids includes polyoxyethylene polyoxypropylene block
copolymers. These materials are generally known by the CTFA name, "Poloxamer” and
conform to the structure VIL:

Formuda VI
{Efﬁg
HO— {CHUH O {CHCHQ{}}&W """"" ’{?H;ZQHE{?}E N 3
20
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wherein a:d:e 1s from about 2:16:2 to about 98:67.94. Exemplary members of this
class of materials useful in the compositions of the invention are "Poloxamer 101" and
"Poloxamer 182" in which a, d, and e have average values of 2, 16 and 2 and 8, 30 and 8,

respectively.

In certain embodiments, the non-tonic lipids include polyoxyethylene Cy-Cy fatty
ethers, glveeryl diesters, and mixtures thereof Optionally, non-1onic lipids inchide
polyoxyethylene Cy-Ci; fatty ethers such as polyoxyethylene stearyl ether (steareth-10},
polvoxyethyiene myristyl ether, and polyoxyethylene lauryl ether, glycervi dilaurate, glyceryl
dimystate, glyceryl distearate, and mixtures thereof, wherein, optionally, each ether has from
about S to about 10 oxyethylene units. Optionally, non-ionic lipid is a polyoxyethylene

steary! ether {steareth-10).

In certain embodiments, the non-ionic lipid is present in the composition in an
amount from about 0.1% to about 20%, optionally, from about 0.2% to about 15%, or,

optionally, from about 0.5% to about 10%, by weight of the composition.

When present, the concentration of the polyoxyvethylene Cy-Cys fatty ether 1s from
about 0.1% to about 15%, optionally, from about 0.2% to about 10%, or, optionally, from

about 0.3% to about 5%, by weight of the composition.
The Admixture

In certain embodiments, the compositions of the present invention further include an
admixture comprising. 1} an acid selected from the group consisting of intermediates of the
Kreb cycle, non-Kreb cycle intermediate alpha keto acid, derivatives thereof and mixtures
thereof’ and /or 2} an antioxidant and 3) a mixture of saturated and unsaturated fatty acids or

a source of of such mixture of saturated and unsaturated fatty acids.

In certain embodiments, the admixture is present in the composition at a
concentration of from 0.1% (or about 0.1%) to 20% {or about 20%:}, optionally from 0.1%
{or about 6.1%) to 30% {or about 30%), optionally from C.5% (or about 0.5%) to 20% (or
about 20%), or optionally from 0.5% (or about 0.5%) to 10% (or about 10%), by weight, of

the admixture.
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Acid Component of Admixture

In certain embodiments, the acid component of the admixture of the present invention
is selected from the group consisting of intermediates of the Kreb cycle, non-Kreb cycle

alpha keto acids, derivatives thereot and mixtures thereof.

Kreb cyele (or Citric acid cycle) intermediates useful herein, include, but are not
limited to, 2-oxoglutarate, fumarate, succinate, oxaloacetate, ciirate, cis-aconitate, isoctirate,
oxalosuccinate, alpha-ketoglhutarate, L-malate, esters thereof, ethers thereof or salts thereof

and mixtures thereof

In other embodiments, the acid component 1s a non-Kreb cycle intermediate alpha-
keto acid (or 2-oxoacid}). The alpha-keto acid {or 2-oxoacid) has the keto group adjacent to
the carboxvlic acid. By “non-Kreb cycle intermediate”, as used herein, means a chemical,
compound or intermediate not produced by the Kreb cycle or Citric Acid cycle. In certain
embodiments, suitable non-Kreb cycle alpha-keto acids include, but are not limited to,
pyruvic acid {(alpha-ketopropionic acid), alpha-ketoisovaleric acid, alpha-ketoisocaproic acid,
salts thereof and mixtures thereof. It should be understood, however, that in addiiion o these
alpha-keto acids, the unqualified term “alpha-keto acids” further includes, but 1s not limited

to, alpha ketoglutaric acid.

In certain embodiments, the alpha-keto acid useful as the acid component is a pyruvic
acid. Pyruvic acid suitable for use in the present invention may be selected from the group
consisting of pyruvic acid, salts of pyruvic acid, prodrugs of pyruvic acid, and mixtures
thereof. In certain embodiments, the salts of pyruvic acid may be alkali salts and alkaline
earth salts. In certain embodiments, the pyruvic acid 1s selected from the group consisting of
pyruvic acid, lithium pyruvate, sodium pyruvate, potassium pyruvate, magnesium pyruvate,
calcium pyruvate, zinc pyruvate, manganese pyruvate, methyl pyruvate, and mixtures

thereof,

In other embodiments, the pyruvic acid s selected from the group of salts consisting

of sodium pyruvate, potassium pyruvate, magnesium pyruvate, calcium pyruvate, zinc
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pyruvate, manganese pyruvate, and the hike, and mixtures thereof. In still other

embodiments, the pyruvic acid is sodium pyruvate.

Without being limited by theory, it 1s believed that the acid component acts as the
energy source component for the admixture. In certain embodiments, the acid is present in
the composition in an amount of from 0.61% (or about 0.01%) to 99.98% {or about 99.98%),
or optionally 10% (or about 10%) to 90% (or about 90%:), or optionally from 20% (or about
20%) to 70% (or about 70%), or optionally from 25% {or about 25%) to 50% {(or about 50%),
or optionally from 30% (or about 30%) to 40% {or about 40%), or optionally about 33%, by

weight, of the adnuxture.
Antioxidant Component of the Admixture

Antioxidants, as mentioned above, are also present as a component of the admixture
of the present invention. Generally, antioxidants are substances which inhibit oxidation or
suppress reactions promoted by oxygen or peroxides. Without being limited by theory, itis
believed that antioxidants, or, optionally, hpid-soluble antioxidants, can be absorbed into the
cellular membrane to neutralize oxygen radicals and thereby protect the hair follicles from
oxidative damage. In certain embodiments, the antioxident component may be selected from
the group consisting of all forms of Vitamin A including lycopene, lutein, retinal and 3,4-
didehydroretinal, all forms of carotene such as alpha-carotene, beta-carotene (beta, beta-
carotene), gamma-carotene, delta-carotene, all forms of Vitanun C (D-ascorbic acid, L-
aseorbic acid), all forms of tocopherol such as Vitamin E (alpha-tocopherol, 3,4-dihydro-
2,5,7 8-tetramethyl-2-(4,8, 1 2-trimethy lri-decyl}-2ZH-~ 1 -benzopy ran-6-ol), beta~tocopherol,
gamma-tocopherol, delta-tocopherol, tocoguinone, tocotrienol, and Vitarmin E esters which
readily undergo hydrolysis to Vitamin E such as Vitamin E acetate and Vitamin E succinate,
and Vitamin E salts such as Vitamin E phosphate, prodrugs of Vitamin A, carotene, Vitanun
C, and Vitamun E, salts of Vitamin A, carotene, Vitamin €, and Vitamin E, and the like,
flavonouds and mixtures thereof. Flavonoids useful o the present can be found in U.S. Patent
6,051,602 to Bissett, heremn mcorporated by reference. In other embodiments, the
antioxidant 1s selected from the group of hipid-soluble antioxidants consisting of Vitamin A,

beta-carotene, tocopherol, and mixtures thereof. In still other embodiments, the antioxidant
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is tocopherol Vitamin E or Vitamin F acetate. In vet other embodiments, the antioxidant 1s a
¥

polyphenol such as resveratrol or epigallocatechin gallate.

In certain embodiments, the antioxidant component is present in the composition in
an amount of trom 0.01% {or about 0.01%) to 99.98% (or about 99.98%), or optionally 10%
{or about 10%}) to 90% {or about 90%}, or optionally from 20% (or about 20%) to 70% (or
about 70%;), or optionally from 25% {or about 25%} to 50% (or about 50%), or optionally
from 30% (or about 30%) to 40% {or about 40%), or optionally about 33%, by weight, of the

admixture.

The Fatty Actd Mixture Component or Fatty Acid Mixture Source Component of the

Admixture

The admixture of the present invention also contains as a component thereof a
mixture of saturated and unsaturated fatty acids, free or bound, or a source of such saturated
and unsaturated fatty acids useful 1n providing a readily available source of nutrients to hair

follicles

Suitable mixtures of saturated and unsaturated fatty acids may be derived from animal
and vegetable fats and waxes, mammalian or fish egg matenals, prodrugs of saturated and
unsaturated fatty acids useful in the present compositions, and mixtures thereof The fatty
acids in the fatty acid mixture may be in the form of mono-, di-, or trigylcerides, or free fatty

acids, or mixiures thereof.

In one embodiment, the fatty acid mixture of saturated and unsaturated fatty acids has
a composition similar to that of human fat and comprises the following fatty acids: butyric
acid, caproic acid, caprvlic acid, capric acid, lauric acid, myristic acid, myristoleic acid,
palmitic acid, palmitoleic acid, stearic acid, oleic acid, linoleic acid, linolenic acid, arachidic
acid, dihomolinoleic acid, arachidonic acid, behenic acid, hignoceric acid and gadoleic acid.
Typically, butyric acid, caproic acid, caprylic acid, capric acid, lauric acid, myristic acid,
myristoleic acid, palmitic acid, palmitoleic acid, stearic acid, oleic acid, linoleic acid,
linolenic acid, arachidic acid, and gadoleic acid are present in the mixture in about the

following percentages by weight, respectively: about 0.2%-0.4% butyric acid, about 0.1%
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caproic acid, about ¢.3%-0.8% caprylic acid, about 2.2%-3.5% capric acid, about 0.9%-5.5%
lauric acid, about 2.8%-8.5% myristic acid, about 0.1%-0.6% myristoleic acid, about 23 2%-
24 6% palmitic acid, about 1.8%-3.0% palmitoleic acid, about 6.9%-9.9% stearic acid, about
36.0%-36.5% oleic acid, about 20%-20.6% linoleic acid, about 7.5-7.8% linolenic acid,

P

about 1.1%-4.9% arachidic acid, about 2%-3% dihomolinoleic acid, about 7%-9%

arachidonic acid, about 3%-4% behenic acid, about 11%-13% lignoceric acid and about

3.3%-6.4% gadoleic acid.

In another embodiment, the fatty acid mixture of saturated and unsaturated fatty acids
has a composition simtlar to chicken fat and comprising the following fatty acids: lauric acid,
myristic acid, myristoleic acid, pentadecanoic acid, palmitic acid, palmitoleic acid, margaric
acid, margaroleic acid, stearic acid, oleic acid, linoleic acid, hinolenic acid, arachidic acid,
and gadoleic acid. Optionally, lauric acid, myristic acid, myristoleic acid, pentadecanoic
acid, palmitic acid, palmitoleic acid, margaric acid, margaroleic acid, stearic, oleic acid,
hinoleic acid, linolenic acid, arachudic acid, and gadoleic acid are present 1o the muxture in
about the following percentages by weight, respectively: about 0.1% lauric acid, about 0.8%
moyristic acid, about 0.2% myristoletc acid, about 0.1% pentadecanoic acid, about 25.3%
palmitic acid, about 7.2% palmitoleic acid, about 0.1% magaric acid, about 0.1%
heptadecenoic acid, about 6.5% stearic acid, about 37.7% oleic acid, about 20.6% linoleic

acid, about 0.8% linolenic acid, about 0.2% arachidic acid, and about 0.3% gadoleic acid.

In certain other embodiments, the fatty acid mixture of saturated and unsaturated fatty
acids has a composition similar to lecithin. Lecithin (phosphatidylcholine) is a phosphatide
found in all iving orgamisms (plants and animals) and 1s a significant constituent of nervous
tissue and brain substance. Lecithun i1s a mixture of the diglycerides of stearic acid, palmitic
acid, and oleic acid, Iinked to the choline ester of phosphoric acid. The product of commerce
1s predommantly soybean lecithin obtained as a by-product in the manufacturing of soybean
oil. Sovybean lecithin contains by weight palmitic acid 11.7%, stearic acid 4.0%, palmitoleic
acid 8.6%, oleic acid 9.8%, linoleic acid 55.0%, linolenic acid 4.0%, Cyo to ) acids
(includes arachidonic acid) 5.5%. Lecithin may be represented by the formula:
CeH170sNRR' wherein each of R” and R are, independently, selected from the group

consisting of stearic acid, palmitic acid, and oleic acid.
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In certain other embodiments, the fatty acid muxture of saturated and unsaturated fatty
acids has a composition similar to egg volk. The composition {(by weight} of the most

D0 S

prevalent fatty acid mixture in egg yolk can be broken into by weight:

Al unsaturated fatty acids such as oleic acid {(about 47%), linoleic acid {about

16%}, palmitoleic acid {about 5%), and linolentc acid {about 2%)}); and

B. saturated fatty acids: such as palmitic acid {about 23%), stearic acid (about

4%}, and myristic acid {about 1%).
Eegg volk 1s also a source of lecithin,

The above fatty acid nuxtures {or fatty acid mixture sources) and percentages of fatty
acids present in the various fatty acid mixture {or sources thereof} are provided as examples.
The exact type of fatty acid present in the fatty acid nuxture (or mixture sources) and the
exact amount of fatty acid emiployed 10 the fatty acid mixture (or muxture sources} may be
varied in order to obtain the result desired m the final product and such variations are now

within the capabilities of those skilled in the art without the need for undue experimentation.

In certain embodiments of the present invention, the fatty acid muxture or fatty acid
mixture source comprising at least 7, optionally at least 14, and optionally at least 22,
unsaturated or saturated fatty acids selected from the group consisting of, but not hmited to,
butyric acid, caproic acid, caprvlic acid, capric acid, lauric acid, myristic acid, myristoleic
acid, palmitic acid, palmitoleic acid, stearic acid, oleic acid, hinoleic acid, linolenic acid,
arachidic acid, gadoleic acid, pentadecanoic acid, margaric acid, margaroleic acid, behenic
acid, dihomolinoleic acid, arachidonic acid and lignoceric acid. Other useful fatty acids can

be found in U.S. Patent 4,874,794 to Adachi et al., herein incorporated by reference.

In certain embodiments, the fatty acid mixture i the admixture s obtained or sourced
from ol mixtures. For example, cottonseed o1l has a 2:1 ratio of polyunsaturated to saturated
fatty acids. Its fatty acid profile generally consists of 70% unsaturated fatty acids including
18% monounsaturated {oleic), 52% polvunsaturated {(linoleic) and 26% saturated (primarily
palmitic and stearic). More specifically, cottonseed o1l has fatty acids present in the nuxture

in about the following percentages by weight, respectively: about 0.5-2.0% myristic acid,
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about 17.0-29.0% palmitic acid, less than about 1.5% palmitoleic acid, about 1.0-4.0%
stearic acid, about 13.0-44.0% oleic acid, about 40.0-63.0% hnoleic acid, and about (.1-2.1%

linolenic acid.

Cocoa butter has fatty acids present in a mixture at about the following percentages
by weight, respectively: at least about 0.1% myrnistic acid, about 0.5-26.3% palmitic acid, at

least about 0.4% palmitoleic acid, about 0.5-33.8% stearic acid, about 0.5-34.4% oleic acid,

and about 0.5-3.1% linoleic acid.

Ohive o1l was determined in one study to have fatty acids present in a mixture at about
the following percentages by weight, respectively: about 0.5-9.0% palmitic acid, at feast
about (0.4% palmutoleic acid, about 0.5-2.7% of stearic acid, about 0.5-80.3% oleic acid,

about 0.5-6.3% of linoleic acid, and about 0.5-0.7% linolenic acid.

Oils suitable for use as a fatty acid muxture source include, but are not limited to,
Adansonla digitata otl; apricot (Prunus armemniaca) kernel oil; Argania spinosa oil; Argemone
mexicana oil; avocado {Persea gratissima} oil; babassu (Orbignya olelfera) oil; balm munt
(Melissa officinalis) seed oil; bitter almond (Prunus amygdalus amara) otl; bitter cherry
(Prunus cerasus) oil; black currant (Ribes nigrum) oil; borage {(Borago officinalis) seed oil;
brazil {Bertholletia excelsa) nut o1l; burdock {Arctium lappa) seed otl; butter; calophyilum
tacamahaca oil; camellia kissi oil; camellia oleifera seed oil; canola oil; caraway {(Carum
carvi} seed oil; carrot (Baucus carota sativa) otl; cashew (Anacardium occidentale) nut oil;
castor o1l benzoate; castor {Ricinus communis) otl; cephaling; chaulmoogra (Taraktogenos
kurzii} o1l, chia (Salvia hispanica) oil; cocoa (Theobrama cocao) butter; coconut (Cocos
nuectfera) oil; cod hiver anl; coffee (Coffea arabica) ol; corn (Zea mays) germ oil; corn (Zea
mays} oil; cottonseed (Gossypium) o1l; cucumber (Cucumis sativus ) oil; dog rose (Rosa
canina) hips oil; egg oil; emu oil; epoxidized soybean o1l; evening pritarose (Oenothera
biennis) oil; fish hiver oil; gevuina avellana oil; goat butter; grape (Vitis vinifera) seed oil;
hazel {(Croylus americana) nut oil; hazel (Corylus aveilana) nut oil; human placental lipids;
hybrid safflower {Carthamus tinctorius) oil; hvbnd sunflower (Helianthus annuus) seed otl;
isatis tinctoria otl; job's tears {Coix lacryma-jobi) oil; jojoba oil; kiwi {Actinidia chinensis)

seed o1l; kukut (Aleurites moluccana) nut oil; lard, linseed (Linom usitatissiumum) o1l; lupin
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(Lupinus albus) oil; macadamia nut oil; macadamuia ternifolia seed o1l; macadamia
integrifolia seed oil; maleated sovbean oil; mango (Mangifera indica) seed otl; marmot oil;
meadowfoam (Limnanthes fragraalba) seed oil; menhaden oil; muilk lipids; mink o1l; moringa
pterygosperma oil; mortieretla oil; musk rose (Rosa moschata) seed oil; neatsfoot 01l; neem
(Melia azadirachta) seed otl; oat (Avena sativa) kernel o1l; olive (Olea europaea) husk oil;
olive {Olea europaea) o1l; omental lipids; orange roughy oil; ostrich oil; oxidized corn o1l;
palm (Elaeis guineensis) kernel o1l; palm (Elaeis guineensis) otl; passionflower (Passiflora
edulis} oil; peach (Prunus persica) kernel o1l; peanut (Arachis hypogaea) otl; pecan (Caiya
ttlinoensis} oil; pengawar djambi (Cibotium barometz) oil; pistachio (Pistacia vera) nut oil;
placental lipids; poppy (Papaver orientale) oil; pumpkin (Cucurbita pepo) seed o1l; quinoa
{Chenopodium quinoa) oil; rapeseed (Brassica campestris) oil; rice ( Oryza sativa) bran oil;
rice (Oryza sativa) germ otl; safflower (Carthamus tinctorius) oil; salmon oil; sandalwood
(Santalum album) seed oil; seabuchthorn (Hippophae rhamnoides) oil; sesame (Sesamum
mdicum) oil; shark liver oil; shea butter {Butyrospermum parkit); silk worm lipids; skin
lipids; soybean ( Glycine soja) o1l; sovbean hipid; Sphungohipids; sunflower { Helianthus
annuus) seed o1l; sweet almond (Prunus amygdalus dulcis) oil; sweet cherry (Prunus avium)
pit oil; tali o1 tallow; tea tree (Melaleuca altermifohia} oil; telphairia pedata oil; tomato
(Solanum lycopersicum) oil; trichodesma zevlanicum oil; tuna oil; vegetable oil;, walnut
{Juglans regia) oil; wheat bran lipids; and wheat (Triticum vulgare) germ ol and mixtures

thereof.

In certam embodiments, the o1l is present in the compositions of the present mvention
1 a total amount of from 0.01% {or about 0.01%) to 99.98% (or about 99.98%), or optionally
10% (or about 10%) to 90% {or about 90%}, or optionally from 20% (or about 20%) to 70%
{or about 70%), or optionally from 25% {or about 25%) to 50% (or about 50%), or optionally
from 30% {or about 30%} to 40% {or about 40%), or optionally about 33%, by weight of the

admixture.

In certain emnbodiments the ol mixture used as a source of the fatty acid nuxture 1s
formed from oils selected to provide the following fatty acid composition: 0.3% (or about
0.3%) myristic acid, 19% (or about 19%) palmitic acid, 0.5% (or about 0.5%) palmitoleic

acid, 13% {or about 13%) stearic acid, 44.4% (or about 44.4%} oleic acid, 21.3% {or about
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21.3%;) hnoleic acid, and 0.5% {or about 0.5%) linplenic acid.  In certain embodiments the
o1l mixture used as a source of the fatty acid mixture is formed from oils selected from the

group consisting of cocoa butter, olive oil, cottonseed o1l and mixtures thereof

In certain embodiments, the fatty acid mixture or source of the fatty acid mixture is
present in the compositions of the present invention in an amount from 0.01% (or about
(.01%) to 99.98% {or about 99.98%), or optionally 10% (or about 10%) to 90% {or about
90%), or optionally from 20% (or about 20%) to 70% (or about 70%), or optionally from
25% (or about 25%) to 50% (or about 50%), or optionally from 30% (or about 30%) to 40%

(or about 40%), or optionally about 33%, by weight of the admixture.

In certain embodiments, the ratio of the acid component to the fatty acid mixture
component on a weight/weight basis is from 0.01:1 (or about 0.61:1} to 1:0.01 {or about
1:0.01}, optionally from 1:1 {or about 1:1} to 1:0.1 (or about 1:0.1), optionally from 1:1 (or

about 1:1) to 1:0.5 {or about 1:0.5), or optionally, 1.1 {or about 1:1).

In certain embodiments, the ratio of the fatty acid mixture component o the
antioxidant component on a weight/weight basis is from 0.01:1 {or about ¢.01:1) to 1.0.01 (or
about 1:0.01}, optionally from 1:1 {or about 1:1} to 1:0.1 (or about 1:0.1), optionally from 1:1
(or about 1:1) to 1.0.5 {or about 1:0.5).

In certain embodiments, the ratio of the pyruvic acid component or the fatty acid
mixture component to the antioxidant component on a weight/weight hasis is from 1:1 {or

about 1:1) to 1.0.01 (or about 1:0.01}.
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Oither Materials:

Various other materials may also be present in the compositions useful in the subject
invention. These include humectants, proteins and polypeptides, preservatives, an alkaline
agent and mixtures thereof The compositions of the present invention may also comprise
chelating agents (e.g., EDTA, citric acid, phytic acid) and preservatives {e.g., parabens). In
addition, the topical compositions useful herein can contain conventional cosmetic adjuvants,
such as dyes, sunscreen {e.g., titanium dioxide}, pigments, and fragrances. A more detailed
discussion of these and other materials can be found in previously incorporated U.S. Patent
Publication 2008/0145331 to Bruning et al. as well as in U.S. Pat. No. 5,658,956 to Martin et

al., which patent is herein incorporated by reference in its entirety.
Mixtures of the above preservatives can also be used.

In certain embodiments, the compositions of the present invention have an apparent
pH of from 4.0 {or about 4.0} to 7.0 (or about 7.0}, optionally from 4.0 (or about 4.0} to 6.0
{or about 6.0}, optionally from 4.5 {or about 4.5) to 5.5 {or about 5.5}, In certain rinse off or
wash off embodiments, the compositions of the present invention have an apparent pH of
from 3.0 (or about 3.0} to 8.0 {or about 8.0), optionally from 4.0 (or about 4.0} t0 6.0 (or
about 6.0},

Methods of Use

The use of composttions of this invention for accelerating the onset of the anagen
phase of hair growth in a marmmal and/or increasing the rate at which terminal hair appears
on the skin by topical application of the present compositions was determined by the mice
studies described below,

In certain embodiments, the compositions of this invention should be applied
topically to the desired area of the mammabian or human body at least once per day for at
least 11 weeks, optionally at least 9 weeks, or optionally at least 7 weeks. The hair growth
benefits of the present invention may be maintained indefinitely by chronic admiunustration of

the compositions of the present invention.
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EXAMPLES
The compositions of the present invention as described in following examples
lustrate specific embodiments of compositions of the present invention, but are not intended

to be limiting thereof. Other modifications can be undertaken by the skilled artisan without

5 departing from the spirit and scope of this mvention.
Example 1
Treatment formulation # 1 {(Table 1) i1s prepared as described below using
conventional mixing technology.
10
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Table 1 — Treatment formulation # 1

Ingredient Inventive

Treatment

Formulation
# 1

% (wt/wt)
Ethanol 20.00
Pentylene glycoil 4.00
Glycern 2.00
Lactic acid 3.20
Minoxidil 5.07
Butylated 0.10
hydroxytoluene
(BHT)
Water 4513
Cetyl lactate” 3.00
Sodium Pyruvate 1.00
Tocopheryl Acetate 0.50
Steareth-10" 1.50
Steareth-2° 2.00
Polyquaternium 37 1.50

Total 100.00
Apparent pH 4.6
Viscosity” 9500 cps

"Hydrotite 5 supplied by Symirise, Teterboro, NJ
? Cosmedia Ultra 300 supplied by BASF, Florham Park, NJ
* supplied by Croda, Edison, NJ
5 * supplied by Ashland Inc., Covington, KY
* measured using a Brookfield RV (spindle 4, speed 6 RPM at 1 minute following the temperature

equilibrated at 25°C + 1°C)

The Treatment formulation # 1 1s prepared according to the following procedure:

10 (1) The ethanol 1s added to a suitably sized first beaker equipped with an overhead mixer.
(2} The pentylene glycol, glycerin, citric acid (if applicable) and lactic acid are added to the
beaker and the mixture 1s mixed for about 2 minutes.

(3) The mmoxidi] and BHT are added to the beaker and 1s stirred for about 10 munutes or
antd dissolved.

15 (4) The water 1s added slowly and the mixture 1s mixed for about 2 minutes.
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(5} In a separate second beaker equipped with a hotplate and magnetic stirrer, steareth-10,
steareth-2, cetyl lactate and tocopheral acetate are premixed to form an oil phase.

(6} The premix heated to about 60°C and is stirred with the magnetic stirring bar until
dissolved or melted and o1l phase s uniform.

(7} The premix is added with stiring to the minoxidil containing water phase in the first
beaker and 1s mixed for about 5 minutes.

(8} The sodium pyruvate 1s added to the first beaker and is mixed for about 3 minutes.

{(9) The Polyquaternium 37 is added to the first beaker and the mixture in the first beaker is
homogenized at 7,000 rpm using a Silverson L4RT homogenizer {Silverson, Birmingham,

UK) for about S nunutes.

In vitro skin permeation of 5% minoxidil compositions through human cadaver skin.

A skin penetration study evaluated the penetration of nunoxidil into different skin
layers for the Inventive Treatment Formulation # 1 of Example 1 vs. a commercially
available Walgreen’s 5% Minoxidil Topical Solution was used as Comparative Treatment
Formulation # 2. The pH of the Walgreen’s 5% Minoxidil Topical Solution was measured to
be 8.1,

A well-known Franz diffusion cell method (as taught in US20020006418 Al, which
publication 1s hereby incorporated by reference) was used. Franz cells had a diameter of 0.5
em” and a volume of liquid receptor of S ml. A magnetic stirrer bar was added in the donor
compartment. The liquid receptor was filled with Phosphate-buffered saline (PBS} solution.
Air bubbles in the donor compartment were removed. The system was thermostated at 37 °C
above a magnetic stirrer to ensure the homogeneity of the hgqund receptor during the
experiment. A cadaver skin sample from a commercial tissue bank (Ohio Valley Tissue and
Skin Center, Cincinnati, OH, dermatomed to approximately 0.4 mom} was cut to fit the glass
diffusion cell and mounted skin on the Franz cell. A test sample of 20 microliters was
applied on the skin surface. Samples were collected from the receptor compariment at
scheduled time points of ¢, 1, 3 and 6 hours.

At the end of the study the skin surface was washed with a cotton swab of liguid
receptor {PBS). After washing, skin extraction was performed either on full skin or on
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separated skin layers of epidermis and dermis. Samples collected from the receptor
compartment and from the skin extraction were analyzed for minoxidil levels with a Waters
High-performance liquid chromatography (HPLC) system with the procedure listed below.

The results are shown in Table 2. The final average minoxidil levels in different skin layers

5 are reported in micrograms {ug) for 3 different replicates. A minoxidil mass balance study
was also conducted and the % of recovery of minoxidil was betier than 95% for both the
control and the inventive formulation.

HPLC Procedure for Minoxidil Quantification
10 A HPLC System { Waters Alliance® HPLC system) was used to measure runoxidil
with UV absorption response at 286 nm. A Luna SuM C18(2) 250 x 4.6-mm HPLC column
(Phenomenex) was used to separate the minoxidd analyte from other impurities m the extract
samples for surface rinse, stripped tape, epidermus, dermis, and receptor solution. The mobile
phase was an 1socratic 80% (70:29:1 water /methanol/acetic acid — pH 3.3); 20% methanol.
15 Table 2
Ratio of Inventive
- Comparative Treatment
Iime : o
(hr) Treatment Inventive Formulation #1 to
Formulation Treatment Comparative
#2 Formulation # 1 Treatment
{microgram) {microgram) Formulation # 2
. . 3 25.6 2472132 0.97
Cumulative
Minoxidid in 6 S3.1 74.66603 1.40
Receptor 24 142. 380.7399 2.68
Dermis 24 15.4 64 68762 421
Epidermis 24 119.7 203 5053 1.70
Tapes 24 64.7 19.93 0.31
% Recovered 955 953

Because the target tissue for topical nunoxidil delivery s the hair follicles (or hair
“roots”) restding deep in the dermis, only minoxidil that penetrated into and cross the dernus
layer could reach the hair follicles, and therefore, 1s of practical significance. The cetyl
20 lactate {or a Cg-Cy4 alcohol ester of a carboxylic acid) containing lnventive Treatment

Formulation # 1 provided significantly enhanced minoxidil delivery deeper mto the human
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skin versus Comparative Treatment Formulation # 2 (1.e., by about 400% into the dernus
which is where the hair bulb is located}, especially in skin tissues , as demonstrated by the
results in Table 2. Moreover, Inventive Treatment Formulation # 1 provided above described
higher penetration despite Comparative Treatment Formulation # 2 containing signficant
amounts of two well known skin permeation enhancers, namely ethanol (30%) and propylene
glycol (50%).(See Williams AC1, Barry BW, “Penetration enhancers” Adv Drug Deliv Rev.
2004 Mar 27,56(5):603-18. The Inventive Treatment Formulation # 1, by contrast, contains

only 20% of ethanol and 4% glycol.

Example 3
A mice hair growth study was performed using the hawr growth compositions of the

present invention as detailed below.
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Procedure:

In vivo hair growth study was conducted in 2 mouse model similar to that described
in US6419913 B1, which patent is hereby mcorporated by reference. Five female mice (C3H
mice, Charles River Breeding Laboratories, Kingston, NY} were included for each test article
(1Le., inventive and comparative test formulations of Examples 1 and 2).

To determine the acceleration in the onset of the anagen phase inn the C3H mice, C3H
female mice at 6-7 weeks of age were purchased from Taconic Farms (Germantown, N.Y ).
C3H mice's hair growth cycles have similar anagen, catagen and telogen phases. (Miyamoto
1 ; Hamada K, Journal of Dermatological Science, Volume 10, Number 1, July 1995, pp. 99-

99 (1)). The hair growth cycles are shown on Table 3.

TABLE 3

Weeks after Birth Hair Growth Stage
Week O Morphogenesis
Week 2 Catagen

Week 3 Telogen

Week 4 Anagen

Week 6 Catagen

Week 7 Telogen

Week 15 Anagen

Each phase is shorter than its corresponding phase in humans and synchronized. This
makes C3H mice a useful model for studying the induction activity of hair re-growth by
active substances. C3H mice have a long telogen window from week 7 to week 15.
Therefore, hair regrowth studies typically start at week 7 and end at week 15, 1.e. the duration
of a study is about 8§ weeks.

Mice were housed m appropriately sized cages in an environmentally controlled room
with a 12-hour light-12-hour dark photoperiod and supplied with food and water ad hibitum.
Animal care was based on the “Guide for the Care and Use of Laboratory Animals”, NTH
Publication No. 85-23. Once all mice entered their prolonged telogen/resting phase of the
hair cycle, they were clipped over the dorsal area about 1.5x8 ¢ (Wahl Clippers 8300
Series, Blade #1086). Five female mice per group were clipped while sedated with 2%
mduction and maintenance 1soflurane and 0.5 L Oxygen. The actual number of mice

represented 1n the data may vary due to mnadvertent death of one or more mice during study.
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Determination of Accelerated Onset of Anagen Phase
The mice were shaved with a short hair clipper to hairless on their back as determined
by visual inspection (2 x 5cm” area) at the start of the study. Test articles were prepared as

described above. The test articles were applied daily to the shaved areas of the mice daily at

(v

0.2 ml per dose. Both the hair anagen phase and the hair coverage were observed by visual
mspection and recorded 5 days a week for each mouse’s hair condition {Telogen phase:
resting phase in hair growth cycle - shaved skin shown no dark hair bulbs/roots; Anagen
phase: anagen follicles, 1.e. follicles in the growth state of the hair growth cycle -shaved skin
shows dark hair bulbs/roots} A study log (or, Anagen Phase Log) documenting day-to-day
10 observations of mice entering anagen (grey skin, the first visual clue to a new hair growth)
were recorded. Treatments continued for 8 weeks.

The treatment groups and treatment formulations were selected as follows:

Group |Treatment Formulation

A Untreated

5 Comparative Treatment Formulation # 2 as described in
Example 2

C Inventive Treatment Formulation # 1 of Example 1

As shown in Table 4 below, the Inventive Treatment Formulation # 1 resulted i hawr
follicles turning from resting state (telogen phase) to growth state (anagen phase) in about
15 four days faster than the Comparative Treatment Formulation #2. .

Table 4 — Anagen Phase Onset Log

Duration | Untreated | Comparative Inventive

after Treatment Treatment

treatment Forroulation # 2 Forroulation # 1
as described in of Example 1
Example 2

Day 1 Telogen Telogen Telogen

Day 2 Telogen Telogen Anagen

Day 3 Telogen Telogen Anagen

Day 6 Telogen Anagen Anagen

Week?2 Telogen Anagen Anagen

Week3 Telogen Anagen Anagen

Week4 Telogen Anagen Anagen

Week S Telogen Anagen Anagen

Week6 Telogen Anagen Anagen
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Table 5 shows anagen phase onsets for Untreated, Comparative Treatment

Formulation # 2 and Inventive Treatment Formulation # 1 as recorded in the anagen phase

log.
5 Table$5
Anagen Phase Onset
{roup Treatment Formulation Anagen Phase Onset {Days
after Treatment)

A Untreated 41
B Comparative Treatment 6

Formulation # 2 as described

mn Example 2
C Inventive Treatment 2

Formulation # 1

The data in Table S demonstrates that the onset of anagen phase occurred 4 days

earhier 1 Group C (Test Formula 2} than in the Group B {Test Formula 1), Group C 15 39
days earlier than i Group A of untreated.

10 The average degree of terminal hair coverage across mice in each Group was
determined by visual inspection of the images taken weekly. A hair coverage index was used
in documenting the mice hair growth stages. The phrase “degree of terminal hair coverage”,
means the observed average estimated percentage of the treated site which 1s covered by
terminal hair.

15 The phrase “faster degree of terminal hair coverage” means that a degree of terminal

hair coverage 1s achieved faster in time. The term “average” means the average across the

mice in each group. The term “observed” or “visual observations” means visual inspection.
The groups were then ranked in order of highest degree of terminal hair coverage to

lowest degree of terminal hair coverage according to the following hair coverage scoring

20 system.

Hair Coverage Scoring System

Grading Description
O No hair at all
25 1 A few patches of hair growth, less than %4 of the dorsal area
2 Hair growth covering about ¥4 of the dorsal area
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3 Hair growth covering about 2 of the dorsal area
4 Hair growth covering more than % of the dorsal area
5 Hair growth completely covering treatment area

(¥

Table 6 15 a ranking of the degree of terminal hair coverage for Test Formulation 1,
Test formula 2 and Unireated, based on images taken at different time points.
Visual observation of images taken at week O (day that mice were shaved) demonstrated that,

at this stage of the study, all the mice of test groups had all terminal hair removed.

10 Table 6 - Hawr Coverage Score Table for Mice Shaved Hair (0=5 per cell at the study start)

Weeks | Untreated Comparative Treatment | Inventive Treatment
Formulation # 2 as Formulation # 1
described in Example 2
Individual | Average | Individual | Average Individual | Average
Score Score Score {(per | Score Score {per | Score
mouse} mouse)
1 0.0.0 0 0 0 11,111 1
2 0.0,0 0 IEEENERE 22222 |2
3 0.0.0 0 INEERERE 33333 3
4 0.0.0 0 EEENERE 55555 5
5 0.0, 0 IEERNERE 55555 5
6 0.0.0 0 1.2.3% 2 55,555 5
7 111 1 1.4.4% 3 55555 5

*Two test mice were sacrificed after Week 5 evaluation for tissue histology

The ranking in Table 6 demonstrates that mice skin treated with Inventive Treatment
Formulation # 1 containing the Cs-Cyy alcohol ester of a carboxylic acid (1.e., cetyl lactate},
15 demonstrated a much faster degree of terminal hair coverage than the Comparative Treatment

Formulation # 2.
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Example 4

Compositions {e.g., oil in water emulation) or gels incorporating the hair growth
compostiion of the present invention were prepared using conventional mixing technology
and are illustrated as Comparative Formulation A {without the C-Cyy alcohol ester of a
carboxylic acid) and Inventive Treatment Formulation B (with the Cs-Cyy alcohol ester of a

carboxylic acid) in Table 7.

Table 7
. . Comparative Inventive Treatment Formulation
Chemical Name .\ .
Formulation A B
% (w/w) Y% {(w/w}
Ethyl Alcohol 21.00 21.00
Pentylene Glycol 4.00 4.00
Glycerin 12.00 12.00
Citric Acid 0.20 (.20
Lactic Acid 3.00 3.00
Minoxidil 5.07 5.07
Butylated
- {
Hydroxytoluene 0.10 010
Steareth-10 1.50 1.50
Cetyl lactate n/a 1.50
Water 50.63 49.13
Polyquaternium-37 2.50 2.50
pH =450 160.00 100.00

Comparative Formulation A and Inventive Treatment Formulation B were prepared

according to the following procedure:
(1) The ethyl alcohol is added to a suitably sized first glass container with an overhead mixer,

(2} The pentylene glvcol, glycern, citric acid, & lactic acid are added to the container and the

mixture 1s mixed for about 2 minutes.

(3} The mmoxidil, and BHT are added to the beaker and 15 stirred for about 10 mimutes or

unti! dissolved.
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(4} The water 1s added slowly and the mixture 15 mixed for about 2 minutes.

(5) In a separate second beaker equipped with a hotplate and magnetic stirrer, the steareth-10,

and cetyl lactate acetate are premixed.

{6) The premix heated to about 60°C and 13 stirred with the magnetic stirring bar until

completely melted and a uniform oil phase 15 formed.

{7) The premix 1s added with sturing to the mmnoxidil contaming water phase n the first

container and 15 mixed for about 3 minutes.

{9) The Polyquaternium 37 1s added to the first contamer and the nuxture in the first
container 1s homogenized at 7,000 rpm using a Sdverson LART homogenizer (Silverson,

Bunungham, UK} for about 5 minutes.

In vitro skin permeation of 3% munoxidd compositions through human cadaver skin,

The skin penetration study as described in Example 2 was used to evaluate the
penetration of minoxidil into different skin layers for the Inventive Treatment Formulation B

vs. Comparative Formulation A,

A cadaver skin sample from a commercial tissue bank (Allosource, Cententa, CO,
dermatomed to approximately 0.4 mun) was cut to fit the glass diffuston cell and mounted
skin on the Franz cell. A test sample of 20 microliters was applied on the skin surface.
Samples were collected from the receptor compartment at scheduled time points of §, 2, 4

and 6 hours.

At the end of the study the skin surface was washed with a cotton swab of ligud
receptor (PBS). After washing, skin extraction was performed either on full skin or on
separated skin layers of epidernus and dermis. Samples collected from the receptor

compartment and from the skin extraction were analyzed for minoxidil levels with a Waters

68



(v

10

WO 2017/116937 PCT/US2016/068185

High-performance liquud chromatography (HPLC) system with the procedure listed below.
The results are shown in Table 8. The final average minoxidil levels in different skin layers
are reported in micrograms {ug} for 3 different replicates. A munoxidil mass balance study
was also conducted and the % of recovery of minoxidil was betier than 95% for both the

control and the inventive formulation.
HPLC Procedure for Minoxidil Guantification

A HPLC System (Waters Alliance® HPLC system} was used to measure minoxidil
with UV absorption response at 286 nm. A Luna 5uM C18(2) 250 x 4.6-mm HPLL column
{(Phenomenex) was used to separate the minoxidil analyte from other impurities in the extract
samples for surface rinse, stripped tape, skin (epidermis/dermis), and receptor solution. The

mobile phase was an isocratic 80% (70:29:1 water /methanol/acetic acid — pH 3.3): 20%

methanol.
Table 8
. Ratio of Inventive
Comparativ . . _
i Inventive Treatment
s e Treatment - " .
Time o . Treatment Formulation B {o
Formulation y . .
{hr) A Formulation B Comparative
(micr; amm {(microgram} Treatment
‘ gram) Formulation A
N ) 2 58.6 56.4 (.96
Cumulative
Minoxidil in 4 128.8 1171 0.91
Receptor 6 1851 173.3 0.94
Skin {(Dermal
+Epi-dermis} 6 67.4 138.5 2.06
Tapes 6 24.4 56.2 231
% Recovered 955 953

Because the target tissue for topical minoxidil delivery 1s the haiwr follicles (or hair
“roots”) residing deep n the dermus, only nunoxidil that penetrated nto and cross the skin
layer could reach the hair follicles, and therefore, 1s of practical significance. The cetyl
lactate {or C3-Cyq alcohol ester of a carboxvlic acid) contaming Inventive Treatment

Formulation rovided significantly enhanced minoxadil delivery deeper into the human
¥ lation B ed significantly enh d 11l delivery d tothe h
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skin versus Comparative Formulation A (i.e., by about 206% into the skin tissues) as

demonstirated by the results in Table &

Example 6

Compositions for Comparative Formulation X {(without the Cs-Cog aleohol ester of a
carboxylic acid) and Inventive Formulation Y (with the Cs-Cy4 alcohol ester of a carboxyvlic

acid)

Compositionsincorporating the composition of the present mvention can be prepared
using conventional mixing technology and are illustrated as Comparative Example X and

Inventive Example Y in Table 9.

Table 9
Comparative Inventive
Formulation X | Formulation Y
Chemical Composition CompositionYe
Mame Y {(w/w) {(w/w)
Fthyl Alcohol 21.00 21.00
Pentylene 4.00 4.00
Glycol
Glycerin 12.00 12.00
Citric Acid (.20 (.20
Lactic Aaid 300 3.00
Minoxidil 5.00 5.00
Butylated 0.10 (.10
Hydroxytoluene
Water 52.70 49.70
Polyquaternium- 2.00 2.00
37
Cetyl Lactate N/A 3.00
Total 100.00 100.00

Comparative Formulation X and Inventive Formulation Y were prepared according to the

following procedure:

(1} The ethyl alcohol 1s added to a suitably sized glass container with an overhead mixer.
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(2} The pentylene glvcol, glycerin, citric acid, & lactic acid are added to the container in the

step (1) and the mixture 1s mixed for about 2 minutes.

(3} The mmoxidil, and BHT are added to the container and 1s stirred for about 10 minutes or

until completely dissolved. For Comparative Formula, skip the process (5) and (6).

(4} Water 1s added to the above mixing container. Following with Polyquaternium-37 added

siowly to the mixing container and mixed until completely dissoived.

(5} In a separate second glass container equipped with a hotplate and magnetic stirrer, the
premix of cetyl lactate 1s weighed in and heated to about 450C and is stirred with a magnetic

stirring bar entil completely melted.

(6) The premix 1s added with stirring to the minoxidil contaming agueocus phase in the first

container and 1s mixed for about 5 minutes.

Example7
In vitro skin permeation of 5% minoxidil compositions through human cadaver skin.

A skin penetration study evaluated the penetration of mnoxidil into different skin

layers for the Comparative Formulation X and Inventive Formulation Y.

The skin penetration study as described in Example 2 was used to evaluate the
penetration of minoxidil into different skin layers for the Comparative Formulation X and

Inventive Formulation Y.

A cadaver skin sample from a commercial tissue bank (Allosource, Centenia, O,
dermatomed to approximately 0.4 mm) was cut to fit the glass diffusion cell and mounted
skin on the Franz cell. A test sample of 20 nucroliters was applied on the skan surface.
Samples were collected from the receptor compartment at scheduled time pomnts of 0, 6 and

24 hours.

At the end of the study the skin surface was washed with a cotton swab of hiqud
receptor {PBS}). After washing, skin extraction was performed either on full skin or on

separated skin layers of epidermus and dermis. Samples collected from the receptor
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compartment and from the skin extraction were analyzed for minoxidil levels with a Waters
high-performance liquid chromatography (HPLC} system with the procedure listed below.
The results are shown in Table 10, The final average nunoxidil levels in different skin layers
are reported in micrograms {pg) for 3 different replicates. A minoxidil mass balance study
was also conducted and the % of recovery of minoxidil was better than 92 5% for both the

comparative and the inventive formulation.

HPLC Procedure for Minoxidil Quantification

A HPLC System (Waters Alliance® HPLC system) was used to measure mmoxidil
with UV absorption response at 286 nm. A Luna SpM C18(2}) 250 x 4.6-mm HPLC column
{Phenomenex) was used to separate the minoxidil analyte from other impurities in the extract
samples for surface rinse, stripped tape, epidermus, dermis, and receptor solution. The mobile

phase was an 1socratic 80% (70:29:1 water /methanol/acetic acid — pH 3.3); 20% methanol.

Table 10

Ratio of
Cumulative Comparative Inventive Inventive
?\/ﬁnoxi il Time (hr} Formulation X | Formulation Y | Formulation Y
N ) {microgram) (microgram) | to Comparative
Formulation X
.00 & 0 n/a
6.00 1000 1149 1.1
in Receptor 24.00 2423 2851 1.2
Dermal 24.00 16 77 4.7
Epidermis + 24,00 49 736 43
Tape U i - '
% Recovered 92.5 97.5

Because the target tissue for topical minoxidil delivery is the hair follicles {or hair
“roots”’} residing deep in the dermis, only that portion of minoxidil penetrating into and
crossing the skin laver could reach the hair follicles 1s, therefore, of practical significance.
The cety! lactate (or Cs-Cyy alcohol ester of a carboxylic acid) containing Inventive

Formulation Y provided significantly enhanced munoxidil delivery deep into the human skin
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versus Comparative Formulation X (1.e. by about 470% mto the dermis}, as demonstrated by

the results in Table 10.

Example 8

A composition incorporating the composition of the present invention can be

prepared using conventional mixing technology and is illustrated in Table 11.

Table 11

o Theoretical
Chemical Name Yo (Wi}
Ethyl Alcohol 53.50
Glycerin 3.00
Citric Acid 0.20
Lactic Acid 1.20
Minoxidi 5.00
Butylated 0.10
Hydroxyioluene
Water 31.50
Hydroxvethylcellulose 1.00
Cetyl Lactate 3.0

pH =569 100.00

Example 9

Comparative Treatment formulation A” and Inventive Treatment formulation B”

{Table 15) are prepared as described below using conventional mixing technology.
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Table 12

Ingredient Comparative Treatment Inventive Treatment
Formulation A” Formulation B”
% {wi/wi} % {wi/wt)
Ethanol 21.00 21.00
Pentylene giycol’ 4.00 4.00
Glycermn 12.00 12.00
Citric acid $.20 0.20
Lactic acid 3.00 3.00
Minoxudil 5.00 5.00
Butylated 0.10 0.10
hydroxytoluene
(BHT)
Water 4371 40,71
Cetyl Lactate n/a 3.00
Sodium Pyruvate 1.0 1.00
Tocopheryl 0.50 0.50
Acetate
Steareth-10 1.50 1.50
Steareth -2 2.00 2.00
Cotton seed o1l 1.33 1.33
Cocoa butter o1l 1.33 33
Ohive o1l 1.33 1.33
Polyquaternium 37 2.00 2.00
Total 100.00 100.00
Apparent pH 4.6 4.6

! Hydrolite 5 supplied by (Synwise, Teterboro, NI
? Cosmedia Ultra 300 supplied by (BASF, Florham Park, N.J)

Comparative Treatment Formulation A” and Inventive Treatment Formulation B” are

prepared according to the following procedure:

{1} The ethanol 15 added to a suitably sized first beaker with an overhead mixer.

(2) The pentylene glycol, glycerin, citric acid, & lactic acid, munoxidil, and BHT are
added to the beaker and the mixture 1s mixed for about 10 munutes or until dissolved.
(3} The water 1s added slowly and the muxture 1s mixed for about 2 minutes.

{(4) In a separate second beaker equipped with a hotplate and magnetic stirrer, the

steareth-10, steareth-2, tocopheral acetate, vegetable oils and or cetyl lactate are premixed

74



WO 2017/116937 PCT/US2016/068185

to form an o1l phase with a heating to about 60°C and s stirred with the magnetic stirring
bar until dissolved or melted and o1l phase 1s uniform.
(5} The premix is added with stirring to the minoxidil containing water phase in the first

beaker and 1s mixed for about 5 nmunutes.

(v

{6} The sodium pyruvate 1s added to the first beaker and 1s mixed for about 3 minutes.
(7) The Polyquaternium 37 15 added to the first beaker and the mixture in the first beaker
is homogenized at 7,000 rpm using a Stlverson L4RT homogenizer (Silverson,

Birmingham, UK} for about 5 nminutes.

i0 Example 10

In vitro skin permeation of 5% minoxidil compositions through human cadaver skin.

The skin penetration study as described in Example 5 was used to evaluate the
penetration of minoxidil into different skin layers for the Inventive Treatment Formulation

B” vs. Comparative Formulation A”.

Ju—
(v

A cadaver skin sample from a commercial tissue bank {AHosource, Centenia, CO,
dermatomed to approximately 0.4 mam) was cut to fit the glass diffusion cell and mounted
skin on the Franz cell. A test sample of 20 microliters was applied on the skin surface.
Samples were collected from the receptor compartment at scheduled time points of 6 and 24
hours.

20 At the end of the study the skin surface was washed with a cotton swab of liquid
receptor (PBS). After washing, skin extraction was performed either oo full skin or on
separated skin layers of epidermis and dermus. Samples collected from the receptor
compartment and from the skin extraction were analyzed for minoxidi] levels with a Waters
High-performance hiquud chromatography (HPLC) system with the procedure histed below.

25 Theresults are shown in Table 13, The final average munoxidil levels in different skin layers

are reported in micrograms {ug} for 3 different replicates. A minoxidil mass balance study

was also conducted and the % of recovery of minoxidil was better than 95°% for both the

control and the inventive formulation,

30 HPLC Procedure for Minoxidil Quantification
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A HPLC System (Waters Alliance® HPLC system} was used to measure minoxidil
with UV absorption response at 286 nm. A Luna 5uM C18(2) 250 x 4.6-mm HPLL column
(Phenomenex) was used to separate the minoxidil analyte from other impurities in the extract
samples for surface rinse, stripped tape/epidermis, dermis, and receptor solution. The mobile

phase was an i1socratic 80% (70:29:1 water /methanol/acetic acid — pH 3.3} 20% methanol.

Table 13

Ratio of Inventive

Comparative Treatment

Treatment Inventive Formulation B” to

Formulation [Treatment Comparative

A Formulation B”  [Treatment
Location Time (hr}  {microgram)  {microgram) Formulation A”
Cgmuigtwe 5 9 33.2 44
Minoxidil 55
Receptor 24 23 ' 4.1
Dernus 24 50.1 75 1.5
Hpi+Tape 24 200 235 1.2

Because the target tissue for topical minoxidil delivery 1s the haiwr follicles (or hair
“roots”) residing deep n the dermus, only nunoxidil that penetrated nto and cross the skin
layer could reach the hair follicles, and therefore, 1s of practical significance. The cetyl
lactate {or C3-Cyq alcohol ester of a carboxvlic acid) contaming Inventive Treatment
Formulation B” provided significantly enhanced minoxidil delivery deep into the human skin
versus Comparative Treatment Formulation A” (1.e. by about 150% into the dernus, as

demonstrated by the results in Table 13.

A compostiion incorporating the composition of the present invention can be

prepared using conventional mixing technology and is illustrated in Table 14,
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Table 14
Ingredient Formulation
% (wt/wt)
Ethanol 20.00
Pentylene glycol’ 4.00
Glyecerin 12.00
Lactic acid 3.20
Minoxidil 5.7
Butylated 0.10
hydroxytoluene
(BHT)
Water 4936
Cocoa Butter NF 1.33
Olive Oil NF 33
Cottonseed O1l NF 1.33
Cetyl Lactate’ 2.00
Sodium Pyravate 1.0
Tocopheryl Acetate 0.5
Steareth-2° 1.00
Polyquaternium 37° 2.5
Total 100.00

' Hydrolite 5 supplied by Symirise, Teterboro, NJ

? Cosmedia Ulira 300 supplied by BASF. Florham Park, N.J.
* supplied by Croda, Edison, NJ

* supplied by Ashland Inc., Covington, KY

PCT/US2016/068185

The above formulation is prepared according to the following procedure:

(1} The ethanol 1s added to a suitably sized first beaker with an overhead mixer.

(2) The pentylene glycol, glycerin, and lactic acid are added to the beaker and the mixture 1s

mixed for about 2 minutes.

(3) The mmoxidil and BHT are added to the beaker and is stirred for about 10 minutes or

untii dissolved.

{4) The water 1s added slowly and the mixture 15 mixed for about 2 minutes.

(5} In a separate second beaker equipped with a hotplate and magnetic stirrer, the steareth-2,

cetyl lactate and tocopheral acetate are premixed to form an o1l phase.
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(6} The premix heated to about 60°C and 1s stirred with the magnetic stirring bar until
dissolved or melted and o1l phase is uniform.

(7} The premix is added with stirring to the mmnoxidil containing water phase in the first
beaker and 1s muxed for about S minutes.

(8} The sodium pyruvate 1s added to the first beaker and is mixed for about 3 minutes.

{(9) The Polyquaternium 37 is added to the first beaker and the mixture in the first beaker is
homogenized at 7,000 rpm using a Silverson L4RT homogenizer {Silverson, Birmingham,

UK) for about 5 minutes.

Example 12

Comparative Treatment formulation P and Inventive Treatment formulation Q (Table

15} are prepared as described below using conventional mixing technology.

Table 15
Ingredient Comparative Treatment Inventive Treatment
Formulation P Formulation (3
% {wt/wit} Yo {wt/wit)
Ethanol 20.00 20.00
Pentylene glycol' 4.00 4.00
Glycerin 12.00 12.00
Lactic acid 3.20 3.20
Minoxidil 5.07 5.07
Butylated 0.10 0.10
hydroxytoluene (BHT)
Water 48.63 4514
Cetyl Lactate’ /a 3.00
Sodium Pyruvate 1.0- 1.00
Tocopheryl Acetate Q.5- 0.50
Steareth-10° 3.0 1.50
Steareth -2° n/a 2.00
Polyquaternium 37° 2.5 2.50
Total 100.00 100.00
Apparent pH 4.6 4.6

"Hydrolite 5 supplied by Symuise, Teterboro, NJ

? Cosmedia Ultra 300 supplied by BASF, Florham Park, N.T.
* supplied by Croda, Edison, NJ

* supplied by Ashland Inc., Covington, K'Y
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The formulations P and Q are prepared according to the following procedure:

{1) The ethanol 1s added to a suitably sized first beaker with an overhead mixer.

(2} The pentylene glvcol, glycerin, citric acid (if applicable) and lactic acid are added to the
beaker and the mixture 1s mixed for about 2 minutes.

(3} The mmoxidil and BHT are added to the beaker and 1s stirred for about 10 minutes or
untt dissolved.

(4} The water 1s added slowly and the mixture 1s mixed for about 2 minutes.

(5) In a separate second beaker equipped with a hotplate and magnetic stirrer, steareth-10,
steareth-2 {(if applicable), cety! lactate (if applicable) and tocopheral acetate are premixed to
form an oil phase.

(6} The premix heated to about 60°C and 1s stirred with the magnetic stirring bar until
dissolved or melted and o1l phase s uniform.

(7} The premix is added with stirring to the mmnoxidil containing water phase in the first
beaker and 1s mixed for about S nunutes.

(8) The sodium pyruvate 1s added to the first beaker and is mixed for about 3 nunutes.

(9) The Polyquaternium 37 15 added to the first beaker and the mixture in the first beaker 1s
homogenized at 7,000 rpm using a Silverson L4RT homogenizer (Silverson, Birmingham,

UK) for about S nunutes.

In vitro skin permeation of 5% nunoxidil compositions through human cadaver skin.

The skin penetration study as described in Example 10 was used to evaluate the
penetration of nunoxidil into different skin layers tor the Inventive Treatment Formulation
of Example 12 vs. a commercially available Walgreen’s 5% Minoxidil Topical Solution
which was used as Comparative Treatment Formulation R. The apparent pH of the
Walgreen’s 5% Minoxidil Topical Solution was measured to be 8.1, A separate study, as
described in Example 10, compared the the penetration of minoxidil into different skin layers
for the Comparative Treatment Formulation P of Example 12 vs. the commercially available

Walgreen’s 5% Minoxidil Topical Solution (Comparative Treatment Formulation R).
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A cadaver skin sample from a commercial tissue bank {AHosourec, Centennial, CO,
dermatomed to approximately 0.4 mm) was cut to fit the glass diffusion cell and mounted
skin on the Franz cell. A test sample of 20 microliters was applied on the skin surface.
Samples were collected from the receptor compartment at scheduled time points of 0, 3, 6
and 24 hours.

At the end of the study the skin surface was washed with a cotton swab of liquid
receptor {PBS). After washing, skin extraction was performed either on full skin or on
separated skin layers of epidermis and dermus. Samples collected from the receptor
compartment and from the skin extraction were analyzed for minoxidi! levels with a Waters
High-performance hiquid chromatography (HPLC) system with the procedure listed below.

As noted above, the test was performed, comparing Inventive Treatment Formulation
O versus the Comparative Treatment Formulation R and, the test was performed again, using
a different cadaver from the same skin comumercial tissue bank - {Allosourec, Centennual,
CO, dermatomed to approximately 0.4 mm) - to compare Comparative Treatment
Formulation P versus the Comparative Treatment Formulation R, A comparison of Inventive
Treatment Formulation Q versus the Comparative Treatment Formulation P is extrapolated
from the resulits of the described tests.

The results of the tests and the extrapolation comparison are shown in Tables 16 and
17. The final average munoxidil levels i different skin layers are reported 1o muicrograms
(ug) for 3 different replicates. A minoxidil mass balance study was also conducted and the
%% of recovery of minoxidil was better than 95% for both the controls and the mventive

formulation.

HPLC Procedure for Minoxidil Quantification

A HPLC System (Waters Alliance® HPLC system) was used to measure minoxidif
with UV absorption response at 286 nm. A Luna 5uM C18(2} 250 x 4.6-mm HPLC column
{Phenomenex) was used to separate the minoxidil analyte from other impurtties in the extract
samples for surface rinse, stripped tape, epidernus, dermis, and receptor solution. The mobile

phase was an isocratic 80% (70:29:1 water /methanol/acetic acid — pH 3.3): 20% methanol.
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Table 16.

Comparative Comparative Inventive
Treatment Treatment Treatment
Time Formulation P Formulation R | Formulation 3
{hr) {microgram) {microgram) {microgram)
Cumulati 5 13.7 532 0.9
Ve p
Minoxidil f422
n
Receptor 24 113.0 6.5
Dermis 24 24.2 154 732 10
Epidermu 1197
5 24 i18.1 163.5
Tape 24 31.5 64.7 673

Table 17

Ju—
(v

Minoxidil Skin Penetration Results from tests separately comparing_Inventive Treatment
Formulation @ vs. Comparative Treatment Formulation R and Comparative Treatment
Formulation P vs. Comparative Treatment Formulation R

Ratio of Ratio of Ratio of
Comparative Inventive Inventive
Treatment Treatment Treatmentpg
Formulation P to | Formulation ¢ | Formulation Q
Comparative to Comparative | to Comparative
Time Treatment Treatment Treatment
{hr) Formulation R Formulation R | Formulation P
Cumulative ; " 0.02 0.1
: o 6 0.3
Minoxidil G o1
in Receptor 24 0.8 o L
Dermis 24 1.6 4.8 30
Epidermis 24 0.9 1.4 1.5
Tape 24 0.5 1.0 2.1

Because the target tissue for topical minoxidif delivery 1s the hair follicles {or hair
30 “roots”) residing deep in the dermis, only minoxidil that penetrated into and cross the dermis
layer could reach the hair follicles, and therefore, 1s of practical significance. The
Comparative Treatment Formulation P and Inventive Treatment Formulations Q provided

enhanced minoxidil delivery deep into the human skin versus the Comparative Treatment
Y
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Formulation R (i.e,, by about 480% {for Inventive Treatment Formulations (3] and 160% [for
Comparative Treatment Formulation P] into the dernus which 1s where the hair bulb is
located), especially 1n skin tissues, as demonstrated by the results in Table 17, Additionally,
Ratio of test results {(micrograms) of Inventive Treatment Formulation @ to Comparative
Treatment Formulation P (micrograms) demonstrates, by extrapolation, a higher penetration
of minoxdil into dermis and epidermis using the Cg-Cyy alcohol ester of'a carboxylic acid (1.e.

cetyl lactate).

Example 14
A mice hair growth study was performed using the hair growth compositions of the

present invention as detatled below.

Procedure:

In vivo hair growth study was conducted in a mouse model similar to that described
in Example 3. Five female mice (C3H mice, Charles River Breeding Laboratories, Kingston,
NY) were included for each test article.

To determine the acceleration in the onset of the anagen phase in the C3H mice, C3H
female mice at 6-7 weeks of age were purchased from Taconic Farms (Germantown, N.Y ).
(C3H mice's hair growth cycles have similar anagen, catagen and telogen phases. (Miyvamoto
i{.; Hamada K., Journal of Dermatological Science, Volume 10, Number 1, July 1995, pp. 99-

99 (1}). The hair growth cycles are shown on Table 18,

Table 18

Weeks atter Birth Hair Growth Stage
Week 0 Morphogenesis
Week 2 Catagen

Week 3 Telogen

Week 4 Anagen

Week 6 Catagen

Week 7 Telogen

Week 15 Anagen

Each phase 1s shorter than its corresponding phase in humans and synchronized. This
makes C3H mice a useful model for studying the induction activity of hair re-growth by

active substances. C3H mice have a long telogen window from week 7 to week 135.
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Therefore, hatr regrowth studies typically start at week 7 and end at week 15, 1.e. the duration
of a study 1s about & weeks.

Mice were housed m appropriately sized cages in an environmentally controlled room
with a 12-hour light-12-hour dark photoperiod and supplied with food and water ad hibitum.
Animal care was based on the “Guide for the Care and Use of Laboratory Amimals”, NIH
Publication No. 85-23. Once all mice entered their prolonged telogen/resting phase of the
hair cycle, they were clipped over the dorsal area about 1.5%5 cm (Wahl Clippers 8900
Series, Blade #1086). Five female mice per group were clipped while sedated with 2%
induction and maintenance 1soflurane and 0.5 L Oxygen. The actual number of mice

represented in the data may vary due to madvertent death of one or more mice during study.

Determination of Accelerated Onset of Anagen Phase

The mice were shaved with a short hair clipper to hairless on their back as determined
by visual inspection (2 x 5cm” area) at the start of the study. Test articles were prepared as in
the procedures described above. The test articles were applied daily to the shaved areas of
the nuce daily at 0.2 ml per dose. Both the hair anagen phase and the haur coverage were
observed by visual inspection and recorded 5 days a week for each mouse’s hair condition
{Telogen phase: resting phase in hair growth cycle - shaved skin shown no dark hair
bulbs/roots; Anagen phase: anagen follicles, 1.e. follicles in the growth state of the hair
growth cycle ~shaved skin shows dark hair bulbs/roots) A study log (or, Anagen Phase Log)
documenting day-to-day observations of mice entering anagen {grey skin, the first visoal clue
to a new hair growth) were recorded. Treatments continued for 8 weeks,

The treatment groups and treatment formulations were selected as follows:

Group |Treatment Formulation

Untreated
Comparative Treatment Formulation R

Comparative Treatment Formulation P

OO (W

Inventive Treatment Formulation

As shown in Table 19 below, the Inventive Composttion Formula Q resulted in hair

follicles turning from resting state {telogen phase) to growth state (anagen phase) in about
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three days faster than the Comparative Treatment Formuation R, The Inventive
Composition Formula @ resulted in hair follicles turnimg from resting state (telogen phase) to
growth state (anagen phase} in about four days faster than the Comparative Treatment

Formulation R

Table 19
Anagen Phase Onset Log

Buration | Untreated | Comparative Comparative Inventive
after Treatment Treatment Composition
treatment Formulation R Formulation P Formula (@
Day 1 Telogen Telogen Telogen Telogen
Day 2 Telogen Telogen Telogen Anagen
Day 3 Telogen Telogen Anagen Anagen
Day 6 Telogen Anagen Anagen Anagen
Week?2 Telogen Anagen Anagen Anagen
Week3 Telogen Anagen Anagen Anagen
Week4 Telogen Anagen Anagen Anagen
WeekS Telogen Anagen Anagen Anagen
Weeko Telogen Anagen Anagen Anagen

Table 20 shows anagen phase onset times for Unireated, Comparative Treatment
Formulation R, Comparative Treatment Formulation P and Inventive Treatment Formulation

(J as recorded 1n the anagen phase log.

Table 20
The Anagen Phase Onset
{roup Treatment Formulation Anagen Phase Onset {Days
after Treatment)

A Untreated 41
B Comparative Treatment 6

Formulation R
C Comparative Treatment 3

Formulation P
B Inventive Treatment 2

Formulation

The data in Table 20 demonstrates that the onset of anagen phase occurred 3 days
earlier in Group C (Comparative Treatment Formulation P) and four days earhier in Group D

(Inventive Treatment Formulation Q) than in the Group B (Comparative Treatment
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Formulation R). Group C 15 38 days while Group D 15 39 days earlier than in Group A of
unireated.

The average degree of terminal hair coverage across mice in each Group was
determined by visual inspection of the images taken weekly. A hair coverage index was used
in documenting the mice hair growth stages. The phrase “degree of terminal hair coverage”,
means the observed average estimated percentage of the treated site which 1s covered by
terminal hair.

The phrase “faster degree of terminal hair coverage” means that a degree of terminal
hair coverage 1s achieved faster in time. The term “average” means the average across the
maice in each group. The term “observed” or “visual observations” means visual inspection.

The groups were then ranked 1n order of highest degree of terminal hair coverage to
lowest degree of terminal hair coverage according to the following hair coverage scoring

Systent.

Hair Coverage Scoring System
Grading Description
G No hair at all
I A few patches of hair growth, less than % of the dorsal area
Hair growth covering about ¥ of the dorsal area
Hair growth covering about ¥z of the dorsal area

Hair growth covering more than % of the dorsal area

Hair growth completely covering treatment area

Table 21 is a ranking of the degree of terminal hair coverage for Comparative
Treatment Formulation P, Comparative Treatment Formulation R, Inventive Treatment
Formulation  and Untreated, based on images taken at different time points.

Visual observation of images taken at week O (day that mice were shaved} demonsirated that,

at this stage of the study, all the mice of test groups had all terminal hair removed.
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Table 21

Hair Coverage Score Table for Mice Shaved Hair (n=35 per cell at the study start

Week | Untreated Comparative Comparative Inventive
Treatment Treatment Composition
Foermulation R Formulation P Treatment Formula
Q
Individ | Ave. Individua | Ave. | Individual | Ave. Individual | Ave.
Week | ual Score | 1Score Score | Score {(per | Score | Score (per Score
Score {per mouse) mouse)
nmouse)
1 0,0,0 0 0,0,060,0 {0 2,1,233 12 L1 1
2 0,0,0 0 LLLLL it 0,1,1,1.2 1 22222 12
3 0,0,0 0 LLLLY it 33,33 3 33333 |3
4 0,0,0 0 LLLLY it 4,4,5,5% 4.5 55555 |5
5 0,0, 0 LLLLY i1 - - 55555 |5
6 0,0,0 0 1,2,3% 2 5,5,5,5% S 55555 {5
7 111 1 1,4,4* 3 5,5,5,5%% 1§ 55555 |5

*One test nice was sacrificed after Week 4 evaluation for tissue histology

Wh

The ranking 1 Table 6 demonstrates that muce skin treated with Inventive Treatment
Formulation (, contaming the non-ionic lipid (steareth-10) and Cy-Cyy alcohol ester of a
carboxylic acid (1.e., cetyl lactate), demonstrated a much faster degree of terminal haiwr
coverage than the Comparative Treatrent Formulation R containing the non-ionic lipid
{steareth~10) and no Cs-Cyy alcohol ester of a carboxvlic acid (1.e., cetyl lactate). However, it
10 was surprising that the hair started to fall off from newly growing areas with the treatment of
the Comparative Treatment Formulation R. The Inventive Treatment Formulation
containing the Cs-Cyy alcohol ester of a carboxylic acid (1.e, cetyl lactate) in addition to the
the non-ionic hpid (steareth-10) did not show this hair falling off effect and it grew the mice

hair the fastest.
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Example 15

Compositions incorporating the hair growth composition of the present invention
were prepared using conventional mixing technology and Example formula T and I are

ilustrated in Table 22.

Table 22 — Comparative Formulation [ and Inventive Treatment Formulation 1

Comparative | Inventive
X , : Formulation | Treatment

Chemical Name . y \

i Formulation

111

Yo (w/iw) Yo (w/w)
Ethyl Alcohol 21.00 21.00
Pentylene Glycol 4.00 4.00
Glycerin 12.00 12.00
Citric Acid 0.20 0.20
Lactic Acid 3.00 3.00
Minoxidil 507 5.07
Butylated 0.10 0.10
Hydroxytoluene
Nteareth-10 1.50 1.56
Cetyl lactate n/a 1.50
Water 50.63 4913
Polyquaternium-37 2.50 2.50
pH =450 100.00 100.00

Comparative Formulation | and Inventive Treatment Formulation I were prepared according

1o the following procedure:
(1} The ethyl alcohol 1s added to a suitably sized first glass container with an overhead mixer.

(2) The pentylene glycol, glycerin, citric acid, & lactic acid are added to the container and the

mixture 1s nuxed for about 2 minutes.

{3) The mimnoxidil, and BHT are added to the beaker and is stirred for about 10 munutes or

until dissolved.
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(4} The water 1s added slowly and the mixture 15 mixed for about 2 minutes.

(5) In a separate second beaker equipped with a hotplate and magnetic stirrer, the steareth-10,

and cetyl lactate acetate are premixed.

{6) The premix heated to about 60°C and 13 stirred with the magnetic stirring bar until

completely melted and a uniform oil phase 15 formed.

{7) The premix 1s added with sturing to the mmnoxidil contaming water phase n the first

container and 15 mixed for about 3 minutes.

{9) The Polyquaternium 37 1s added to the first contamer and the nuxture in the first
container 1s homogenized at 7,000 rpm using a Stiverson L4RT homogenizer {Silverson,

Bunungham, UK} for about 5 minutes.

Example 16
In vitro skin permeation of 5% minoxidil compositions through human cadaver skin.

The skin penetration study as described in Example 5 was used to evaluate the
penetration of minoxidil into different skin layers for the Inventive Treatrent Formulation I

vs. Comparative Formulation 1.

A cadaver skin sample from a commercial fissue bank (Alosource, Centenia, CQO,
dermatormed to approximately 0.4 mam) was cut to fit the glass duffusion cell and mounted
skin on the Franz cell. A test sample of 20 microliters was applied on the skin surface.
Samples were collected from the receptor compartment at scheduled time pomts of 0, 2, 4

and 6 hours.

At the end of the study the skin surface was washed with a cotton swab of liquid
receptor (PBS). After washing, skin extraction was performed either oo full skin or on
separated skin layers of epidermis and dermus. Samples collected from the receptor
compartment and from the skin extraction were analyzed for minoxidi] levels with a Waters
High-performance hiquid chromatography (HPLC) system with the procedure listed below.

The results are shown m Table 23, The final average munoxidid levels m different skin layers
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are reported in micrograms {ug} for 3 different replicates. A minoxidil mass balance study
was also conducted and the % of recovery of minoxidil was better than 95% for both the

control and the inventive formulation.
HPLC Procedure for Minoxidil Guantification

A HPLC System (Waters Alliance® HPLC system} was used to measure minoxidil
with UV absorption response at 286 nm. A Luna 5uM C18(2) 250 x 4.6-mm HPLL column
{(Phenomenex) was used to separate the minoxidil analyte from other impurities in the extract
samples for surface rinse, stripped tape, skin (epidermis/dermis), and receptor solution. The

mobile phase was an isocratic 80% (70:29:1 water /methanol/acetic acid — pH 3.3): 20%

methanol.
Table 23
Comparativ . Ratio of Inventive
Inventive
. e Treatment
Time . Treatment .
, Formulation , . , Formulation Ii to
(hr} Formulation I .
: | ‘microgram) Comparative
(microgram) tmicrog : Formulation I
. : 2 58.6 56.4 0.96
Cumulative
Minoxidil in 4 1288 1171 (.91
Receptor 6 1851 173.5 (.94
Skin 6 67.4 138.5 2.06
Tapes 6 24 .4 56.2 233
% Recovered 95.5 953

Because the target tissue for topical minoxidit delivery 15 the hawr follicles (or hair
“roots”) residing deep in the dermus, only minoxidil that penetrated into and cross the skin
layer could reach the hair follicles, and therefore, 1s of practical significance. The cetyl
lactate {or Cs-Cyq alcohol ester of a carboxyvlic acid} containing Inventive Treatment

Formulation I provided significantly enhanced minoxidil delivery deeper into the human
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skin versus Comparative Formuldation I (1.e., by about 206% into the skin tissues) as

demonsirated by the results in Table 23.

Additional compositions incorporating the composition of the present invention can

be prepared using conventional mixing technology (or, as described in Example 1) and are

Example 17

ittustrated in Examples j-o of Table 24.

Table 24
. ) i K 1 m i e
Chemical Name e (wiw) | % (wiw) Y {wiw) Y% (wiw} %o (Wiw) %% (W)
Ethyl Alcohol 21 21 53.5 30 25 15
Pentylene glycol - e - 10 3 -
Propvlene glycol 10 10 - 1 i 5
Steareth-10 1.5 1.5 - 1 i -
Steareth-2 2. 2.0 - - - -
Glyceryl Stearate - -~ - 1 0.5 -
Glycerin 10 10 3 10 12 10
Citric Acid - - 0.2 0.1 0.1 0.1
Lactic Acid 30 3.0 1.2 i 2.4 32
Minoxidil 5.0 5.0 5 10 5 3
Butylated 0.1 0.1 0.1 0.1 01 0.1
Hydroxytoluens
Water 4383 | 43.83 33 3143 469 596
Carboxvmethyleellulose | 0.73 (.50 -~ -~ - -~
Hydroxyethyicehulose - - i i i i
Mixture of Cio-15 3.0 3.0 1.5 1.5 - -
Alkyl Lactate’
Cetyl Lactate - -~ 1.5 - 3 3
Total 100 100 100 100 1G0O 100
Viscosity {cps) 13000 | 8650 | Not Not Not Not
measured | measured | measured | measured
Physical stability at 4°C | Stable | Stable | Not Not Not Not
measured | measured | measured | measured
Physical stability at Stable | Stable | Not MNot Not Not
40°C measured | measured | measured | measured

! Supplied by Ashland (NJ, US)
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Examples j and k of Table 24 show that compositions comprising carboxymethylceliuose and
the mixture of {215 alkyl lactate show physical stability {i.e., no phase separation) at
temperatures as low as 4°C and as high as 40°C after 1 week of storage at each such

temperature as described above.

Example 18

Hair growth compositions of the present mvention incorporating select ratios of
nonionic hydroxypropyimethyl cellulose (HPMC) to high molecular weight carboxymethyl
cellulose (CMC) were prepared using conventional mixing technology. These compositions
showed stability after 1 week of storage {(at 4°C and 40°C) as described above and are

detailed as Inventive Treatment Formulations QQ, RR and SS in Table 25.

Table 25 — Inventive Treatment Formulations 3Q, RR and 88

Inventive fuventive Inventive
Chemical Name Treatmn e{aﬂ Tre;atmefnt 7Treaﬂme§1£
Formuiation Formulation Formuiation
Q0 RE i)

Ethyl Alcohol 21.00 21.00 21.00
Propviene Glycol 10.00 10.00 10.00
Glycerin 10.00 10.00 10.00
Citric Acid 0.20 0.20 (.20
Lactic Aad 3.00 3.00 3.00
Minoxidil S.00 5.00 5.00
Butylated 0.10 010 0.10
Hydroxytoluene

Water 44 40 4415 43 .20
Carboxymethylcellulsoe 0.25 0.25 .25
sodium salt

Hydroxypropylmethyl 0.75 1.00 G4.75
cellulose

Steargth-2 13 1.3 2.00
Steareth-10 1.00 1.00 1.50
Myristyl Lactate 3.00 3.00 3.00

Total 100 100 100
Physical stability at 4°C stable stable stable
Physical stability at stable stable stable
40°C
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Inventive Treatment Formulations QQ, RR and S5 were each prepared according to the

following procedure:
(1} The ethyl alcohol is added to a suitably sized first glass container with an overhead nuxer.

{2) The propylene glyeol, glycerin, citric acid, & lactic acid are added to the container and

(v

the mixture is mixed for about 2 minutes.

(3) The mmoxidil, and BHT are added to the beaker and 1s stirred for about 10 minutes or

until dissolved.
{4) The water 15 added slowly and the mixture 1s mixed for about 2 nunutes.

(5) In a separate second heaker equipped with a hotplate and magnetic stirrer, the steath, 2,

10 steareth-10, and myristyl lactate acetate are premixed.

(6) The premix heated to about 60°C and 1s stirred with the magnetic stirring bar until

completely melted and a uniform otl phase 1s formed.

(7) The premix 15 added with stirring to the nunoxidil containing water phase in the first

container and 1s nuxed for about § nunutes.

15 {9) The CMC and HPMC are added to the first container and the nuxture in the first
contaner 1s homogenized at 7,000 rpm using a Silverson L4RT homogenizer (Silverson,

Birmingham, UK) for about 5 munutes.

Example 19

A mice hair growth study was performed using the hair growth compositions of the
20 present invention Inventive Treatment Formulations QQ, RR and 88 vs. a commercially
available Walgreen’s 5% Minoxidil Topical Solution was used as Comparative Formulation

TT. (The pH of the Walgreen’s 5% Minoxidil Topical Solution was measured to be 8.1.}

Procedure:
In vivo hair growth study was conducted in a mouse model sumilar to that described

25 1n US6419913 B1, which patent is hereby incorporated by reference. Five female mice (C3H
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mice, Charles River Breeding Laboratories, Kingston, NY} were included for each test article
(1e., inventive and comparative test formulations of Examples 1 and 2).

To determine the acceleration in the onset of the anagen phase in the C3H mice, C3H
female mice at 6-7 weeks of age were purchased from Taconic Farms (Germantown, N.Y ).
(C3H mice's hair growth cycles have similar anagen, catagen and telogen phases. (Miyvamoto
{.; Hamada K., Journal of Dermatological Science, Volume 10, Number 1, July 1995, pp. 99-

99 (1}}. The hair growth cycles are shown on Table 26.

Table 26

Weeks after Birth Hair Growth Stage
Week O Morphogenesis
Week 2 Catagen

Week 3 Telogen

Week 4 Anagen

Week 6 Catagen

Week 7 Telogen

Week 15 Anagen

Hach phase 15 shorter than its corresponding phase i humans and synchronized. This
makes C3H mice a useful model for studying the induction activity of hair re-growth by
active substances. C3H mice have a long telogen window from week 7 to week 15.
Therefore, hair regrowth studies typically start at week 7 and end at week 13, 1 e the duration
of a study 1s about & weeks.

Mice were housed m appropriately sized cages in an environmentally controlled room
with a 12-hour light-12-hour dark photoperiod and supplied with food and water ad hibitum.
Animal care was based on the “Guide for the Care and Use of Laboratory Amimals”, NIH
Publication No. 85-23. Once all mice entered their prolonged telogen/resting phase of the
hair cycle, they were clipped over the dorsal area about 1.5%5 cm (Wahl Clippers 8900
Series, Blade #1086). Five female mice per group were clipped while sedated with 2%
mnduction and maintenance soflurane and 0.5 L Oxygen. The actual number of mice

represented in the data may vary due to madvertent death of one or more mice during study.

Determaination of Accelerated Onset of Anagen Phase
The mice were shaved with a short hair clipper to hairless on their back as determined

by visual inspection (2 x Scm” area) at the start of the study. Test articles were prepared as
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described above. The test articles were applied daily to the shaved areas of the mice daily at

0.2 ml per dose. Both the hair anagen phase and the hair coverage were observed by visual

mnspection and recorded S days a week for each mouse’s hair condition {Telogen phase:

resting phase in hair growth cycle - shaved skin shown no dark hair bulbs/roots; Anagen

phase: anagen follicles, 1 e. follicles in the growth state of the hair growth cycle -shaved skin

shows dark hair bulbs/roots) A study log {or, Anagen Phase Log) documenting day-to-day

observations of mice entering anagen {grey skin, the first visual clue to a new hair growth}

were recorded. Treatments continued for § weeks.

The treatment groups and treatment formulations were selected as follows:

Group  [Treatment Formulation

A {ntreated

B Comparative Formulation TT

C Inventive Treatment Formulation Q0
1) Inventive Treatment Formulation RR
13 Inventive Treatment Formulation S8

As shown in Table 27 below, the Inventive Treatment Formulations QQ, RR and 58

each resulted in hair follicles turning from resting state (telogen phase} to growth state

{anagen phase} i about four days faster than the Comparative Treatment Formulation TT. |

Table 27 — Anagen Phase Onset Log

Duration | Untreated Inventive Inventive Inventive Comparativ
after Treatment Treatment Treatment e
treatmen Formulation QG | Formulation Formulation | Formulation
t {(microgram) RR SS 1T
{microgram)
Day 1 Telogen Telogen Telogen Telogen Telogen
Day 2 Telogen Anagen Anagen Anagen Telogen
Day 3 Telogen Anagen Anagen Anagen Telogen
Day 6 Telogen Anagen Anagen Anagen Anagen
Week2 Telogen Anagen Anagen Anagen Anagen
Week3 Telogen Anagen Anagen Anagen Anagen
Weekd Telogen Anagen Anagen Anagen Anagen
WeekS Telogen Anagen Anagen Anagen Anagen
Weeko Telogen Anagen Anagen Anagen Anagen
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Table 28 shows anagen phase onsets for Untreated, Comparative Treatment
Formulation TT and Inventive Treatment Formulations 3, RR and 58S as recorded in the

anagen phase log.

Table 28
Anagen Phase Onset
{roup Treatment Formulation Anagen Phase Onset {Days
after Treatment)

A Untreated 42
B Comparative Formulation TT | 6
C Inventive Treatment 2

Formulation QQ
1)) Inventive Treatment 2

Formulation RR
B Inventive Treatment 2

Formulation S8

The data in Table 28 demonstrates that the onset of anagen phase occurred 4 days
earlier in Group C (Test Formula 2) than 1 the Group B (Test Formula 1), Group € 15 40
days earlier than in Group A of untreated.

The average degree of terminal hair coverage across mice in each Group was
determined by visual inspection of the images taken weekly. A hair coverage index was used
in documenting the mice hair growth stages. The phrase “degree of terminal hair coverage”,
means the observed average estimated percentage of the treated site which is covered by
terminal hair.

The phrase “faster degree of terminal hair coverage™ means that a degree of terminal
hair coverage 1s achieved faster in time. The term “average” means the average across the
mice in each group. The term “observed” or “visual observations” means visual inspection.

The groups were then ranked in order of highest degree of terminal hair coverage to
lowest degree of terminal hair coverage according to the following hair coverage scoring

system.

Hair Coverage Scoring System

Grading Description
O No hair at all
| A few patches of hair growth, less than 4 of the dorsal area
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2 Hair growth covering about %4 of the dorsal area
3 Hair growth covering about ¥ of the dorsal area
4 Hair growth covering more than % of the dorsal area
5 Hair growth completely covering treatment area
5
Table 29 1s a ranking of the degree of terminal hair coverage for Test Formulation 1,
Test formula 2 and Untreated, based on images taken at different time points.
Visual observation of images taken at week 0 {day that mice were shaved) demonstrated that,
at this stage of the study, all the mice of test groups had all ternunal hair removed.
io
Table 29 - Hair Coverage Score Table for Mice Shaved Hair (n=3 per cell at the study start)
Week | Untreated Comparative Inventive Inventive Inventive
Formulation 'Y Treatment Treatment Treatment
Foermulation QO Formulation 5S Formulation RE
Hatr Coverage Scove | Hatr Coverage Hair Coverage Hair Coverage Hatr Coverage
Score Score Score Score
Per mouse Ave. | Permouse Ave. | Per mouse Ave. | Permouse Ave. | Per mouse Ave,
1 0.0,0,0.0 0 0.0,0.0.0 0 LL1030. |08 11050 108 050511 |08
5 5 i
2 0.0,0,0.0 0 0.0,0.0.1 02 | LI1510 |10 [21.15 12 1LLLLLS | L1
5 1.0.5
3 0.0,0,0.0 0 0.0,1.1,2 08 | 23444 34 [534.3.3 {36 {33345 37
4 0.0,0,0.0 0 0.1,1.22 |12 |55555 5 555,553 5 55,555 5
3 0,0,0.0,0 0 051,224 [ 19 |55553 5 55553 5 5.5,5.3,5 5
6 0.0,00,1 02 11,3445 134 |55555 5 555,55 5 55555 5
7 0.0,0.0,1 02 |2.4.455 |4 555,55 5 55,555 3 55555 5
The ranking in Table 29 demonstrates that mice skin treated with Inventive Treatment
Formulations QQ, RR, and S8 contaming myristal lactate demonstrated a much faster degree
i5  of terminal hair coverage than the Comparative Formulation TT.
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Example 20
Formulation examples p-v are compositions incorporating the composition of the

present invention. The compositions of examples p-v comprise select ratios of nonionic

hydroxypropyimethyl cellulose (HPMC) to high molecular weight carboxymethyl celiulose

5  (CMC) and can be prepared using conventional mixing technology (or, as described in
Example 18)and are illustrated in Table 30 and showing stability assessment after 1 week of
storage {at 4°C and 40°C) as described above under definition of storage stability.

Table 30 —Assessment of Temperature Stabihity after | Week of Storage
, A P g ¥ 8 t i v
Chemical Nare Y {wiwy | Yo twiw) | Y% {wiw) | Y% (wiw) | Y% {wiw) | % (wiw} | % (wiw)
Ethyl Alcohol 21.00 21.00 21.00 21.00 21.00 21.00 21.00
Propylene Glyeol 10.00 10.00 10.00 16.00 10.00 16.00 16.06
Glycerin 10.00 10.00 10.00 10.00 10.00 106.00 16.00
Citric Acid 0.20 .20 0.20 0.20 0.20 .20 0.20
Lactic Acid 3.00 3.00 3.60 3.60 3.00 3.00 3.00
Minoxidil 5.00 5.00 5.00 5.060 5.00 500 500
Butvlated 0.10 6.10 0.16 G.16 0.19 0.19 0.10
Hydroxytoluene
Water 44.40 44.40 44.40 44 .40 44.40 44.40 43.90
Carboxymethylcellulose 0.25 0.33 0.50 0.67 1.60 0.00 0.75
sodinm salt (CMC)'
Hydroxypropylmethyl 0.75 0.67 0.50 0.33 0.00 1.00 0.75
cellulose (HPMCY
Steareth-2 130 136 1.3¢ 1.30 1.30 1.30 1.30
Steareth-10 .00 §.00 §.00 1.06 1.00 1.06 1.00
Myristyl Lactate 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Total e} §00 100 100 10¢ 10¢ 160
Physical stability ai 4°C stable stable stable unstable | unstable stable stable
Physical stability at 40°C stable stable stable Stable stable unstable stable
Ratio of 3 2:1 103 1:2 g:1 1.0 11
HPMC vs. CMC
Viscosity * 3433 ¢cps | 5933 ¢cps | 7266 cps 12100 23800 1050 cps 176060
cps cps cps
Total concentration of 1.06 1.60 1.0 1.00 1.00 1.00 1.50

10

*Mieasured vsing a Brockfield RV (spindle 4, speed 6 RPM at 1 mimte following the temperature equilibration
at 25°C + 1°C)

1Aquai@n CMC 7HF PH, Ashland, Wilmington, DE, USA
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?‘Methocel E 10M, Dow Chemical, Miland, MC, USA

Table 30 shows that examples p through r and v, having ratios of HPMC to CMC of 311, 2:1
and 1:1, respectively, provide compositions which are physically stable (i e., no phase
separation) at temperatures as low as 4°C and as high as 40°C after 1 week of storage at each
such temperature as described above. Table 30 further demonstrates that ratios of HPMC to
CMC below 1:1 or greater than 10:1, as in examples s-u (ratios of HPMC to CMC of 1:2, 0:1
and 1:0, respectively), fail to provide the physical stability at both 4°C and 40°C after 1 week

of storage.

Example 21

The stability of the compositions of formulation examples p-v of Example 20 were
reassessed after 7 weeks of storage. The formulations of examples p-v of Example 20 are
reproduced in Table 31, including stability assessment after 7 weeks of storage {at 4°C and

40°C) as described above under definition of storage stability.
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Table 31 — Asscssment of Temperature Stability after 7 Weeks of Storage
] . P g ¥ 8 1 0 v
Chemical Name Yo (wiw) | Yo(w/w) | Yolwiw) | Yo(wiw) | Yoi{wiw) | Yolwiw) | % (w/w)
thvl Alcohol 2100 21.00 2100 21.0¢ 21.00 21.00 21.00
ropviene Glycol 10.00 10.00 10.00 10.60 10.00 10.00 10.060
fyvcerin 10.00 10.00 10.00 10.00 10.60 10.00 10.00
itric Acid 0.20 0.20 0.20 0.20 .20 .20 0.20
actic Acid 3.060 3.60 3.00 3.00 3.00 3.00 3.00
linoxidil 5.0¢ 5.00 5.00 5.00 5.00 5.00 5.00
utylated 0.10 016 0.10 0.10 0.10 6.10 (.10
ydroxytoluene
Tater 4440 44 .40 44 .40 44 .40 44 .40 44.40 4350
arboxymethyiceliulose 0.25 0.33 0.30 0.67 1.00 $.00 6.75
sdivm salt (CMC)!
ydroxypropylmethyl 0.75 0.67 0.50 0.33 0.00 1.00 0.75
Hulose (HPMOCY
tearcth-2 1.30 1.30 1.30 1.30 £.30 £.30 F30
tearcth-10 1.60 1.00 1.00 100 1.00 1.00 §.00
fyristyl Lactate 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Total 100 100 160 100 e} §00 100
‘hysical stability at 4°C stable unstable | unstable | unstable | unstable stable unstable
hysical stability at 40°C stable stable stable Stable stable unstable stable
Ratio of 31 21 11 2 01 i:0 i
HPMC vs. CMC
Viscosity™* 3433 cps | 3933 ¢cps | 7266 cps 12160 238060 1050 cps 17000
cps cps cps
Total concentration of 1.60 1.60 1.00 1.00 1.00 1.00 1.50

*Measured using a Brookfield RV (spindled, speed 6 RPM at 1 minute following the temperature equilibration

at 25°C + 1°C)

lAquaion CMC 7HF PH, Ashland, Wilmington, BE, USA

sz}iocel E 10M, Dow Chemical, Miland, MC, USA

Table 31 shows that example p, having a ratio of HPMC to CMC of 3.1, provides

compositions which are physically stable (1. ¢, no phase separation) at temperatures as low as

4°C and as high as 40°C after 7 weeks of storage at each such temperature as described

above. Table 31 further demonstrates that ratios of HPMC to CMC below 3:1 or greater than

10:1 {as in examples g-v) fail to provide stability at both 4°C and 40°C after 7 weeks.
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Example 22  Formulation examples i-ix of Example 22 are compositions incorporating the
composition of the present invention. These examples t-1x comprise monohydric alcohols
and dihydric alcohols at a total of concentration greater than 36% {w/w) of the total
composition (due to the higher alkyl lactate concentrations {1.e., greater 1% by weight of total
composititon]} and can be prepared using conventional mixing technology {or, as described

in Example 1). These examples 1-ix are detailed in Table 32 and 33.
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Table 32
Chemical Name i i i iv v
%% % % % Yo (wiw)
{whw) {whw) {wiw} {wiw)
Eihyl Alcohol 300 30.0 30.0 300 300
Propylene glycol 20.0 20.0 20.0 10.6 8.0
Glycerin 50 50 o 10.0 26.0
Citric Acid - - G.11 0.11 0.11
Lactic Acid 3.0 3.0 3.0 3.0 3.0
Minoxidif 5.0 30 5.00 50 5.0
Butylated 0.1 0.1 0.10 0.1 0.1
Hydroxytoluene
Water 3265 32.45 37.29 37.29 37.29
Hypromeliose 0.75 0.75 1.00 1.60 1.00
Steareth-10 0.5 0.5 0.5 0.5 0.5
Mixture of Cpps Alkvl § 3.0 3.0 - - -~
Lactate'
Myristyl Lactate - - 3.0 30 3.0
Allantoin 0.2
Total 100 100 100 100 160
Physical stability at Stable Stable Stable Stable Shightly
4°C Clear Clear Hazy;
Stable
Physical stability at Stable Stable Stable Stable Slightly
1001t temperature Hazy:
25°C Stable
Physical stability at Stable Stable Stable Stable Physical
£0°C Clear Clear Clear Clear Separation
Viscosity (cps) 980 880 1980 1680 1320
Turbidity (NTU) 0.906 1.04 1.54 113 78
clative Diclectric 0.213 0.217 0.167 0.178 $.194
Constant Index

! Supplied by Ashiand (NI, USA)
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Table 33

Chemical Name vi vii viil ix

% (whw) %o (wiw) Yo (wiw) % (whw)
Ethyl Alcohol 21 26 21 30
Propvlene glvcol 20.0 20.0 i5.0 10.0
Glycerin -~ - 54 10.0
Citric Acid 0.11 0.11 0.2 -~
Lactic Acid 3.0 3.0 30 30
Minoxidi} 5.0 5.0 5.0 50
Butylated 0.3 0.1 01 01
Hydroxytoluene
Waicr 46.29 41.04 452 374
Hypromellose 1.0 1.0 1.0 1.0
Steareth-10 0.5 0.75 15 0.5
Myristyl Lactate 30 3.0 3.0 3.0
Total 100 100 100 160
Physical stability at 4°C | Stable Stable Stable Stable
Physical stability at Hazy Hazy Hazy, Stable
25°C in 6 months Clear
Physical stability at 40°C | Stable Stable- Physical Stable

Hazy Hazy Separation | Clear
Viscosity {cps) 1026 1340 380 1680
Turbidity (NTU) 66.3 352 41.3 1.13
Relative Diclectric 0.112 0.138 0.118 0.178
Constant Index (RD

Table 32 shows that examples 1-iv are “clear” and “stable”. Table 32 further shows that
examples i-iv have turbidities of less than 6 NTU. For Example v, Table 32 shows mixed
results — i.e., for a turbidity greater than 6, we have slight haziness and stability at 4°C and
25°C, physical separation at 40°C. Table 33 show that examples vi-viii are not stable and
hazy where, in each case, the turbidity 15 above 10 NTU. Example 1x was stable and clear
with a turbidity lower than 6 NTU. Table 33 further shows that the composition having an

RI {as defined above) of greater than 0.15 (1.e., Example ix [RI = 0.178], n contrast to
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Examples vi-viil [Rl equal 10 0.112, 0.138, and 0.118, respectively]} is observed to be a

“clear” composition.
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What is claimed 1s:

1. A composition comprising:
a. higud vesicles comprising:

i. one or more of a hair growth or hair regrowth compound represented

by formulas I or I

Fomla

¥
Frozzzzood,
4
A

kS

Frarpala 1

and mixtures thereof, wherein R'is hydrogen or —NE'WRY), each R’ and R?
individually is selected from the group consisting of hydrogen, lower alkvl,
lower alkenvl, lower aralkyl, and lower eycloalkyl, and taken together R and
R* may be a heterocvelic moicty selocted from the group consisting of
azindinyl, azetidinyl, pyrrolidinyl, piperidino, hexahvdroazepinyi,
heptamethylenimino, octamethylenimino, morpholino, and 4-lower-
alkvlpiperazinyvl, cach of said heterocyclic moteties having attached as
substituents on the carbon atoms § to 3 lower alkyl groups, hydroxy or
alkoxy, and wherein R%is selected from the group consisting of hydrogen,
lower alkyl, lower alkenvl, lower alkoxyalkvl, lower cycloalkyl, lower arvi,
lower aralkyl, lower alkaryl, lower alkaralkvl, lower alkoxyaralkyl, and
lower haloaralkvl; tautomers thereof and pharmacologieally acceptable acid

addition salts thercof; and

i1, an Cs-Cyy alcohol ester of a carboxvlic acid;
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b. a viscosity modifying agent comprising a nonionic hydroxypropylmethyl
cellulose and a high molecular weight carboxymethyl cellulose at a ratio of
the nonionic hydroxypropylmethyl cellulose to the high molecular weight
carboxymethyl cellulose of greater than about 1:1; and

¢. a pharmaceutically acceptable topical carrier comprising, one or more
solubilizer(s}, one or more solubilizing acid(s)} or mixtures thereof

wherein the total concentration of the nonionic hydroxypropylmethyl cellulose and
the high molecular weight carboxymethy! cellulose 1s from about 0.5% to about 3%
by weight of the total composition and wherein the liquid vesicles are suspended

within the pharmaceutically acceptable topical carrier,

The composition of claim 1, wherein the solubilizer comprises one or more C-C5

alcohol(s), one or more polyhydric alcohol{s) or mixtures thereof.

The composition of claim 1, wherein the composition comprises from about 0.1% to

about 15% of the minoxidil or a pharmaceutically acceptable salt thereof by weight.

The composition of claim 3, wherein the composition comprises from about 0.5% to

about 10% of the minoxidil or a pharmaceutically acceptable salt thereof by weight.

The composition of claim 1, wherein the pharmaceutically acceptable carner

comprises minoxidil or a pharmaceutically acceptable salt thereof.

The composition of claim 1, wherein the composition comprises from about 0.1% to

about 15%, by weight, of said Cs-Cay alcohol ester of a carboxylic acid.

The composition of claim 6, wherein said Cs-Cy4 alcohol ester of a carboxylic acid is

an ester of cetyl alcohol.
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10.

It

12.

14.

oy
(g

16.

17.

The composition of claim 6, wherein said Cs-Cyy alcohol ester of a carboxylic acid 15

a lactic acid ester.

The composition of claim 8, wherein said Cz-Co4 alcohol ester of a carboxylic acid 5

cetyl lactate.

The composition of claim 8, wherein said Cz-Co4 alcohol ester of a carboxylic acid 5

myristyl lactate.

The composition of claim 8, wherein said Cz-Co4 alcohol ester of a carboxylic acid 5

a mixture of C1»-C;s alkyl lactates.

The composition of claim | wherein the composition further comprises a

polyoxyethylene Cy-Cye fatty ether.

The composition of claim | wherein the composition further comprises a

polyoxyethylene C1-Cis fatty ether.

The composition of claim 13, wherein the composition comprises from about 0.1% to

about 15%, by weight, of the polyoxyethylene C4-Cys fatty ether.

The composition of claim 1 wherein the ratio of the nononic hydroxypropyvimethyl
cellulose to the high molecular weight carboxymethyl cellulose 1s greater than about

3:1.

The composition of claim 1 wherein the ratio of the nonionie hydroxypropylmethyl
celiulose to the high molecular weight carboxvmethyi cellulose s no greater than

about 10:1.

The composition of claim 15 wherein the composition has a viscosity of from about

50 ¢cps to about 30000 cps as measure by Brookfield RV at spindle 4, speed 6 RPM.
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The composition of claim 17 wherein the composition has a viscosity of from about

100 cps to about 10000cps as measure by Brookfield RY at spindle 4, speed 6 RPM.

The composition of claim 15 wherein the composition has a vield stress value of from
about 0.01 Pa.s to about 5 Pas as measured using a TA Instruments ARES G2

Rheometer 1n accordance with the method described in the specification hereof.

The composition of claim 15 wherein the composition has a shear thinning index of

10 or more.

The composition of claim | wherein the composition comprises from about 0.1% to

about 40% by weight of the one of more C;-C; alcohols.

The composition of claim 21 wherein the one or more C-Cs alcohols comprises

ethanol.

The composition of claim 1 wherein the liquid vesicle 15 a non-phospholipid liquid

vesicle.

The composition of claim 1 wherem the liguid vesicles have an average diameter of
=

from about 6.05uwm to about 20um.

The composition of claim 1 wherein the carboxymethyl degree of substitution of the

carboxymethyl cellulose s from about 0.6 to about 0.9.

The composition of claim 25 wherein the carboxymethyl degree of substitotion of the

carboxymethyl cellulose 1s from about 0.7.

The composition of claim 1 wherein the average degree of polymerization of the

carboxymethyl cellulose 1s from about 2500 to about 3500.
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29.

The composition of claim 27 wherem the average degree of polymerization of the

carboxymethyl cellulose 1s from about 3200.

The composition of claim 1 wherein the weight average molecular weight of the

vl

carboxymethyl cellulose is from about 650,000 to about 750,000

The composition of claim 29 wherein the weight average molecular weight of the

carboxymethyl cellulose is from about 675,000 to about 730,000

The composition of claim 1 wherein the composition is storage stable.

A composition comprising:
a. one or more of a hair growth or hawr regrowth compound represented by the

Formulas or I

Formwets §

£ v
i
}
R:‘.
Forpmla B
RARAN
W N
Vo Ve {

and mixtures thereof, wherein R' is hydrogen or —N(R*}R"). Each R’ and
R* individually is selected from the group consisting of hydrogen, lower alkyl,
lower alkenyl, lower aralkyl, and lower cycloalkyl, and taken together R’ and
R* may be a heterocyclic moiety selected from the group consisting of
aziridinyl, azetidinyl, pyrrolidinyl, piperidino, hexahydroazepinyl,
heptamethyvleninuno, octamethyleninuno, morpholino, and 4-lower-
alkylipiperazinyl, each of said heterocyclic moieties having attached as
substituents on the carbon atoms 0 1o 3 lower alkyl groups, hydroxy or alkoxy,

and wherein R” 15 selected from the group consisting of hydrogen, lower alkyl,
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33.

[@]

lower alkenyl, lower alkoxyalkyl, lower cycloalkyl, lower aryl, lower aralkyi,
lower alkarvl, lower alkaralkyl, lower alkoxvaralkyl, and lower haloaralkyl ;
tautomers thereof and pharmacologically acceptable acid addition salts
thereof;

a C3-Cyy alcohol ester of a carboxylic acid; and

a viscosity modifying agent comprising a nonionic hydroxypropylmethyl
cellulose and a high molecular weight carboxymethyl cellulose at a ratio of
the nontonic hydroxypropylmethyl cellulose to the high molecular weight
carboxymethyl cellulose of greater than about 1:1; and

a pharmaceutically acceptable topical carrier comprising one or more

solubilizers, one or more solubilizing acids or mixtures thereof,

wherein the composition comprises muliilayer vesicles and further wherein the total

concentration of the nonionic hydroxypropylmethyl cellulose and the high molecular

/

weight carboxymethy] cellulose 1s from about 0.5% to about 3% by weight of the

total composition.

A composition comprising:

a.

d.

minoxidil or pharmacologically acceptable acid addition salts thereof,

cetyl lactate, myristyl lactate or mixtures thereof,

steareth-10;

a viscosity modifying agent comprising a nomionic hydroxypropylmethy]
cellulose and a high molecular weight carboxvmethyl cellulose at a ratio of
the nonionic hydroxypropylmethyl cellulose to the high molecular weight
carboxymethyl cellulose of greater than about 1:1; and

a pharmaceutically acceptable topical carrier comprising:

1. ethanol;

1. lactic acid,;

it pentylene glycol; and
. glycerin,

wherein the composition comprises multilayer vesicles and further wherem the total

concentration of the nonionic hydroxypropylmethy! cellulose and the high molecular
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34.

35

weight carboxymethyl cellulose 15 from about 0.5% to about 3% by weight of the

total composition.

A composition comprising liquid vesicles suspended within a pharmaceutically

acceptable liquid carrier, wherein the liquid vesicles comprise:

a.

b.

nunoxidil or pharmacologically acceptable acid addition salts thereof, and

a C8-C24 alcohol ester of a carboxylic acid, optionally, wherein said C8-C24
alcohol ester of a carboxylic acid 1s an ester of cety! alcohol, optionally,
wherein said C8-C24 alcohol ester of a carboxylic acid 1s a lactic acid ester, or
optionally wherein said C8-C24 alcohol ester of a carboxylic acid is an ester

of myristyl alcohol; and

wherein the pharmaceutically acceptable liquid carrier comprises:

1.

i

one or more solubilizers,one or more solubilizing acids or mixture thereof,
and

a viscosity modifying agent comprising a nonionic hydroxypropylmethy!
cellulose and a high molecular weight carboxymethyl cellulose at a ratio of
the noniomce hydroxypropylmethyl! cellulose to the high molecular weight
carboxymethyl cellulose of greater than about 1:1 wherem the total
concentration of the nonionic hydroxypropylmethyl cellulose and the high
molecular weight carboxymethyl cellulose 15 from about 0.5% to about 3% by

weight of the total composition.

A composition comprising:

minoxidil or pharmacologically acceptable acid addition salts thereof,

a (8-(C24 alcohol ester of a carboxylic acid;

a viscosity modifying agent comprising a nonionic hydroxypropylmethyl
cellulose and a high molecular weight carboxymethyl cellulose at a ratio of
the nonionic hydroxypropylmethyl cellulose to the high molecular weight
carboxymethyl cellulose of greater than about 1:1; and

a pharmaceutically acceptable ligquid carrier comprising one or more

solubilizers, one or more solubilizing acids or a mixture thereof,
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36.

wherein the composition comprises liquid vesicles and further wherein the total
concentration of the nonionic hydroxypropylmethyi cellulose and the high molecular
weight carboxymethyl cellulose is from about 0.5% to about 3% by weight of the

total composition.

A composition comprising:

a. minoxidil or pharmacologically acceptable acid addition salts thereof;

b. cetyl lactate, mynistyl lactate or mixtures thereof;
streareth-10;

d. a viscosity modifying agent comprising a nonionic hydroxypropylmethyl
cellulose and a high molecular weight carboxymethyl cellulose at a ratio of
the nontonic hydroxypropylmethyl cellulose to the high molecular weight

carboxymethyl cellulose of greater than about 1:1; and

e. a pharmaceutically acceptable topical carrier comprising:
i ethanol;
il lactic acid;
1. pentylene glycol or propylene glycol; and
iv. glycerin,

wherein the composttion comprises hquid vesicles and further wherein the total
concentration of the nonionic hydroxypropylmethyl cellulose and the high molecular
weight carboxymethyl cellulose is from about 0.5% to about 3% by weight of the

total composition.

A method growing hair in a subject in need of such treatment comprising topically
applying the composition of claim 1 to the subject on an area where hair growth is

desired.

A method for improving storage stability of a composition for retarding hair loss or
facilitating hair growth or regrowth, comprising the step of adding to the composition
a viscosity modifying agent comprising a nonionic hydroxypropylmethyl cellulose

and a high molecular weight carboxymethyl celiulose at a ratio of the nonionic
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hydroxypropylmethyl celiulose to the high molecular weight carboxymethyl celluiose
of greater than about 1.1 t¢ 10:1 wherein the total concentration of the nonionic
hydroxypropylmethy! cellulose and the high molecular weight carboxymethyl

cellulose 1s from about 0.5% to about 3% by weight of the total composition, the

(¥

CoOmMposition Comprising:

a. one or more multilayer vesicles, the vesicles comprising:

i a hair growth compound represented by formulas T or I

Formgda |

Forwals 1Y

16
and mixtures thereof, wherein R’ is hydrogen or —N(R'}R*), each R’

and R* individually being selected from the group consisting of
hydrogen, lower alkyl, lower alkenyl, lower aralkyl, and lower
cycloalkyl, and taken together R’ and R may be a heterocyclic moiety

is selected from the group consisting of azindinyl, azetidinyl,
pyrrohidinyl, piperidino, hexahydroazepinyl, heptamethylenimino,
octamethylenimino, morpholino, and 4-lower-alkylpiperazinyl, each of
said heterocychic moieties having attached as substituents on the
carbon atoms 0 to 3 lower alkyl groups, hydroxy or alkoxy, and

20 wherein R” is selected from the group consisting of hydrogen, lower
alkyl, lower alkenvl, lower alkoxyalkyl, lower cycloalkyl, lower aryl,

lower aralkyl, lower alkaryl, lower alkaralkyl, lower alkoxvaralkyl,
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and lower haloaralkyl; tautomers thereof and pharmacologically

acceptable acid addition salts thereof,
1. a Cg-Cyy alcohol ester of a carboxylic acid; and

b. a pharmaceutically acceptable topical carrier comprising one or more

(4]

solubtlizers, one or more solubilizing acids or mixtures thereof,

wherein the composition 1s storage stable at 40°C and at 5°C for at least 1 week.

39. A method for improving storage stability of a composttion for retarding hair loss or
faciitating hatr growth or regrowth, comprising the step of adding to the composition
10 a viscosity modifying agent comprising a nonionic hydroxypropyimethyt cellulose
and a high molecular weight carboxyvmethyl cellulose at a ratio of the nonionic
hydroxypropylmethy! cellulose to the high molecular weight carboxymethyl cellulose
of greater than about 1:1 to 10:1 wherein the total concentration of the nonionic

hvdroxypropylmethyl cellulose and the high molecular weight carboxymethyl

[U—
(4]

cellulose 15 from about 0.5% to about 3% by weight of the total composition, the

composition comprising:

a. from about 0.1% to about 20% of one or more pharmaceutically acceptable

addition salts of a compound represented by formulas T or IL:

Foreda i

Frsssusda ¥f
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and mixtures thereof, wherein R’ is hydrogen or —N(R'}R"), each R’and R’
ndividually being selected from the group consisting of hvdrogen, lower
alkyl, lower alkenyl, lower aralkyl, and lower cycloalkyl, and taken together
R” and R* may be a heterocyclic moiety selected from the group consisting of
aziridinyl, azetidinyl, pyrrolidinyl, piperidino, hexahydroazepinyi,
heptamethylenimino, octamethylenimino, morpholino, and 4-lower-
alkylpiperazinyl, each of said heterocyclic moieties having attached as
substituents on the carbon atoms 0 to 3 lower alkyl groups, hydroxy or alkoxy,
and wherein R’ is selected from the group consisting of hydrogen, lower alkyl,
lower alkenyl, lower alkoxyalkyl, lower cycloalkyl, lower aryl, lower aralkyl,
lower alkaryl, lower alkaralkyl, lower alkoxyaralkyl, and lower haloaralky!;
tautomers thereof and pharmacologically acceptable acid addition salts

thereof;
from about 8.3% to about 10% by weight of an o1l phase; and

from about { to about 25% of a C,~C, alcohol

wherein the composition has a pH of about 3 to about 5 and further wherein the

composition 1s storage stable at 40°C and at 5°C for at least 1 week.

40. A hair growth or hair regrowth composttion comprising

a.

from about 0.1% to about 20% of one or more pharmaceutically acceptable

addition salts of a compound represented by formulas T or IT:
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and mixtures thereof, wherein R’ is hydrogen or —NERWRY), each R’ and R?

mdividually being selected from the group consisting of hydrogen, lower

(v

alkyl, lower alkenyl, lower aralkyl, and lower cycloalkyl, and taken together
R® and R* may be a heterocyelic moiety selected from the group consisting of
aziridinyl, azetidinyl, pyrrolidinyl, piperidino, hexahydroazepinyi,
heptamethylenimino, octamethylenimino, morpholino, and 4-lower-
atkyipiperazinyl, each of said heterocyclic moieties having attached as

i0 substituents on the carbon atoms 0 to 3 lower alkyl groups, hydroxy or alkoxy,
and wherein R’ is selected from the group consisting of hydrogen, lower alkyl,
lower alkenyl, lower alkoxyalkyl, lower cycloalkyl, lower aryl, lower aralkyl,
lower alkaryl, lower alkaralkyl, lower alkoxyaralkyl, and lower haloaralky!;
tautomers thereof and pharmacologically acceptable acid addition salts

15 thereof

b. from about 0.5% to about 10% by weight of an oil phase;

<

from about 0 to about 25% of a C,-Cy alcohol; and

d. aviscosity modifying agent comprising a nonjonic hydroxypropylmethyl
cellulose and a high molecular weight carboxvmethyl! cellulose at a ratio of
20 the nonionic hydroxypropylmethyl cellulose to the high molecular weight
carboxymethyl cellulose of greater than about 1:1 to 10:1 wherein the total

concentration of the nonionic hydroxypropylmethyl cellulose and the high
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molecular weight carboxymethyl cellulose 1s from about 0.5% to about 3% by

weight of the total composition

wherein the composition has a pH of about 3 to about 5 and further wherein the

composition is storage stable at 40°C and at 5°C for at least 1 week.

A method for improving storage stability of a composition for retarding hair loss or

tacilitating hatr growth or regrowth, comprising the step of adding to the composition

a viscosity modifying agent comprising a nonionic hydroxypropylmethyl cellulose

and a high molecular weight carboxymethyl cellulose at a ratio of the nonionic

hydroxypropylmethy! cellulose to the high molecular weight carboxymethy! cellulose

of greater than about 1:1 to 10:1 wherein the total concentration of the nonionic

hydroxypropylmethyl cellulose and the high molecular weight carboxymethyl

cellulose 1s from about 0.5% to about 3% by weight of the total composition, the

COMpPOoSItion comprising;

a. one or more multilayer vesicles, the vesicles comprising:

1.

a hatr growth compound represented by formulas T or T

Formgiial

Q8

HLN JNO N
S g
Sl an
el \\!f:-i"

nt

Formula 8

. . . 1. 3, 4 3

and nmuxtures thereof, wherein R’ 1s hydrogen or —N{R'}R"), each R
4. 4 - . L

and R" individually being selected from the group consisting of

hydrogen, lower alkyl, lower alkenyl, lower aralkyl, and lower
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eycloalkyl, and taken together R’ and R* may be a heterocyclic moiety
selected from the group consisting of aziridinyl, azetidinyl,
pyrrohidinyl, piperiding, hexahydroazepinyl, heptamethylenimino,
octamethylenimino, morpholino, and 4-lower-alkylpiperazinyl, each of
said heterocyclic moieties having attached as substituents on the
carbon atoms O to 3 lower alkyl groups, hydroxy or alkoxy, and
wherein R” is selected from the group consisting of hydrogen, lower
alkyl, lower alkenyl, lower alkoxyalkyl, lower cycloalkyl, lower aryl,
lower aralkyl, lower alkaryl, lower alkaralkyl, lower alkoxyaralkyl,

and lower haloaralkyl; tautomers thereof and pharmacologically

acceptable acid addition salts thereof,

a Cy-Chy alcohol ester of a carboxylic acid; and

b. a pharmaceutically acceptable topical carrier comprising one or more

solubilizers, one or more solubilizing acids or mixtures thereof,

wherein the composition is does not separate into two or more distinct phases after

storage at 40°C and at 5°C for at least 1 week.
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