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MINOXIDIL-BASED PHARMACEUTICAL FORMULATION FOR THE TOPICAL USE
AND KIT THEREOF

The present invention refers to a minoxidil based pharmaceutical formulation for topical use (gel
or viscose solution), relative use for the treatment of alopecia and kit for the preparation thereof.
Minoxidil (MXD) is a powerful vasodilator which is prescribed for topical use in the treatment
of alopecia of different origin.

This active ingredient is broadly used, both in male and female subjects, because it is able to
reverse the progressive miniaturization of hair follicle associated to the androgenic alopecia
directly acting on the proliferation and apoptosis of dermal papillae. Particularly, it is capable to
act on scalp blood vessels promoting a greater oxygenation and nutrient supply to the hair
follicle (see US 4,596,812; US 4,139,619).

For about twenty years, minoxidil has been prescribed for this therapeutic indication by
dermatologists, as an industrial preparation or, frequently, as galenical.

However, minoxidil has multiple mechanisms of action responsible of both topical therapeutic
effects and topical/systemic side effects. In fact, the main target of this molecule are ATP-
dependent K* channels of the cardiac and muscular blood vessels made of the subunits
SUR2A/B and Kir6.2. The activation of these channels induce a local vasodilatation of the
cutaneous microcirculation with effects on hair trophism and on cell proliferation.

A severe minoxidil-mediated vasodilatation may cause acute headache observed during systemic
use and topical use in the prolonged treatment lasting >20 days or in case of overdose.

The available minoxidil-based formulations in hydroalcoholic solution for topical use are
characterized by poor handling with application problems, irritating and pro-inflammatory
effects of the excipients.

Topical minoxidil-based formulations illustrated in Pharmacopea (Brusa P. et al. Prontuario
pratico di galenica) or commercially available (Rogaine®/Regaine®) are generally solutions
requiring the use of active ingredient concentrations ranging between 0.5% and 5% w/w.
However, minoxidil has a low solubility in water (about 2.5 mg/ml), therefore the existing
formulations on the market, usually, contain high percentage of cosolvents such as ethanol and
propylene glycol.

For example, in order to achieve the solubilization of 5% w/w of minoxidil extra-strong
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Rogaine® solution or lotion for the scalp (Brusa P. et al.) should contain between 30 and 48% of
ethanol and between 35 and 50% of propylene glycol. However, such solvents may cause
different side effects, such as irritation, burning, itching, flushing and allergic contact dermatitis
(Messenger AG et al., 2004; Tata S. et al., 1994; Tata S. et al., 1995; Edward S. et al., 2002).
Additionally, ethanol easily evaporating after the application, may leave an oily residue on the
scalp due to the presence of the propylene glycol, and may cause the precipitation of minoxidil
crystals subtracting them to the skin uptake, thus reducing their bioavailability (Balakrishnan P.
et al., 2002).

The international patent application W095/25500 discloses formulations containing minoxidil
and cyclodextrins in the presence of alcohol (ethanol), that is the fundamental strategy
(cosolvency) for the solubilization of the active ingredient. Nevertheless, ethanol causes dryness
of the treated area, and due to its quick evaporation results in a precipitation of minoxidil on the
scalp, which is no more in solution and thus not available for the absorption by the stratum
corneum to reach the hair follicle where it would act.

In the patent application US 2011/0112125 minoxidil solubility was improved thanks to the use
of hydrophilic polymers such as carbomer, polyvinyl alcohol, polyacrylic acids, natural
cyclodextrins etc., but the preparation of the formulation implies the use of SM H>SO4.
Minoxidil solubilization reached in the formulations according to US 2011/0112125 is due to the
transformation of minoxidil into its salt form (sulfate) which is more soluble than its
corresponding base and not to the presence of hydrophilic polymers added to the preparation.
These polymers, including the B-CD, when used at low percentages, enable a limited
solubilization of the active principle (see Example 10 below).

Therefore, attempts to enhance the aqueous solubility of minoxidil without the aid of cosolvents
thus avoiding the formation of precipitates and to improve the bioavailability of minoxidil,
become important challenges in the dermatological-pharmaceutical field. It is also of the outmost
importance to identify novel minoxidil based formulations in order to reduce the side effects and
to enhance the handling and the compliance of the product.

In order to ameliorate the drug skin penetration, several solutions have been proposed in the last
years in alternative to the above reported traditional formulations, such as the innovative
formulations constituted by microparticles, ethosomes, niosomes, liposomes etc. However, such
pharmaceutical formulations, are difficult to be prepared, especially as far as galenical

preparation is concerned, and do not enable always a drug solubilization in high amounts (Mura
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S. et al. 2009; Mura S. et al. 2011; Zhao Y. et al. 2010; Mura S. et al. 2007; EP 0177223).

In the patents US 5,030,442 and US 4,828,837 solubility enhancement of minoxidil was
achieved by inclusion of amphiphatic excipients with a pKa less than 5. The use of such agents
such as N-methyl cocoil taurate, lauryl sulphosuccinate, lysophosphatidic acid, monoalkyl
phosphate ester, monoalkyl phosphonate, monoalkyl sulphonate, and oleamido-PEG-2-
sulfosuccinate, may cause allergy problems.

Alternatively, solubilizing agents such as cyclodextrins have been also proposed.

It is well known that such cyclic oligosaccharides may form inclusion complexes with many
hydrophobic drugs thus enhancing their water solubility (Stella V.J. et al., 1997). Such excipients
have a limited toxicity and are in general considered safe.

There are several studies in the literature on the complexes between minoxidil and cyclodextrins
(Calderini A. et al., 2008; Kim J. et al. 2003; Teak Kwan Kwon et al., 2010; Lopedota et al.,
2014).

In the study authored by Calderini A. et al., 2008, minoxidil solubility has been tested through
the use of B-CD resulting in the formation of an inclusion complex. However, such increase was
not so high as expected in view of the inclusion constant (K. 150 M.

Another limit of the B-CD is its low water solubility (1.8% w/v) when compared with its
derivatives hydroxypropyl-beta cyclodextrin (HP-B-CD), sulfobutyl ether beta-cyclodextrin
(SBE-B-CD), methyl-beta cyclodextrin (Me-B-CD), whose water solubility may also exceed 50
% wlv. Thus, B-CD may be used in very limited doses, not always sufficient to enhance the
solubility of substances having low water solubility.

In the work authored by Kim J. et al. (2003), it is demonstrated that a solution of minoxidil and
HP-B-CD has a reduced up-take in comparision to corresponding solutions containing cationic
vescicles incorporating minoxidil.

On the contrary, Lopedota A. et al., 2014 disclose a Me-B-CD/minoxidil solution as alternative
to HP-B-CD reporting minoxidil water solubility values and complexing capabilities similar to
the solution with HP-B-CD. However, methyl cyclodextrins act by extracting cholesterol and
triglycerides, reducing the skin barrier function and favouring an enhanced drug absorption (Irie
T. and Uekama K., 1997). If on the one hand this may seem an advantage because such
substances may behave as absorption enhancers, at the same time the reduction of the barrier
function of the skin by extraction of cholesterol and triglycerides may cause mid and long term

irritative effects.



10

15

20

25

30

WO 2016/055961 PCT/IB2015/057694

The authors of the present invention have now prepared pharmaceutical formulations like
viscose solution or gel comprising minoxidil and hydroxypropyl B-cyclodextrins as solubilizing
agents for the topical treatment of alopecia, showing reduced irritative effcts (due to a limited
specificity of the hydroxypropyl B-cyclodextrins towards cholesterol and triglycerids) wherein
minoxidil is more effectively solubilized (see Example 10).

Such formulations conjugate the solubilizing effects of HP-B-CD against minoxidil, with the
capability of better adherence and persistence of the gel formulations or viscose solutions on the
scalp. The presence of hydroxypropyl B-cyclodextrin in due amounts and substitution degree
allows drug solubilization as well with doses of 6% w/w.

The minoxidil solubilization principle adopted in the formulations according to the invention is
based on a different strategy with respect to the cosolvency employed in the state of the art, that
is the complexation. This is achieved by using a particular cyclodextrin (HP-B-CD), preferably
with a substitution degree allowing to realize an inclusion complex with minoxidil, solubilizing
up to 6% w/w of the latter. This new approach accomplishes a completely aqueous formulation
enabling to overcome the above mentioned drawbacks relating to the use of both propylene
glycol and ethanol (international patent application W095/25500).

The gel formulations or viscose solutions according to the invention contain water as the vehicle
and do not contain excipients like ethanol and propylene glycol responsible for the irritations of
the scalp.

Figure 3 shows the comparison between the components of two commercially available
preparations (MXD based topical formulations illustrated in Pharmacopoeia - Brusa P. et al.
Prontuario pratico di galenica and Rogaine®) and one of the formulations herewith exemplified
(Formulation A, Example 1), clearly showing the absence of the cosolvents ethanol/propylene
glycol responsible for several side effects on the scalp.

Therefore it is an object of the present invention a gel formulation or viscose solution for topical
treatment of alopecia comprising:

- minoxidil as active principle in a concentration comprised between 0.5% and 6% w/w;

- hydroxypropyl B-cyclodextrin as solubilizing agent in a concentration comprised between 5%
and 45% wiw;

- at least an hydrophilic polymer selected among alginate, carbomer, polyacrylate, cellulose
derivate, gelatin and pectin in a concentration comprised between 0.2% and 3% w/w;

- water between 42% and 85% w/w;
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optionally together with one or more pharmaceutically acceptable excipients and/or adjuvants,
characterized by the absence of the cosolvents ethanol and propylene glycol.

The formulations according to the invention depending on the selected hydrophilic polymer
(alginate, carbomer, polyacrylate, cellulose derivate, gelatin and pectin), are easily obtained by
hydration of the polymer in water (i.e. alginate, gelatin, pectin, cellulose derivate) or by addition
of gelling agent such as inorganic and organic bases (i.e. carbomer, polyacrylate) or chlorides
containing bivalent ions (i.e alginate).

Thus, according to an alternative embodiment, the formulation or viscose solution according to
the invention further comprises at least a gelling agent selected between inorganic and organic
strong bases (such as, for example, NaOH, KOH, BaOH,, CaOH,, triethanolamine) or chlorides
containing bivalent ions (such as, for example, CaCl,, BaCl,, MgCl,), at a concentration
comprised between 2.6% and 4 % w/w.

Preferably, hydrophilic polymers are present in a percentage comprised between 0.2 and 2%.
Particularly, alginate gels (i.e. sodium or calcium alginate) were particularly advantegeous, as
they show additional beneficial effects on the scalp injured by some forms of alopecia.
Hydroxypropyl B-cyclodextrin has preferably a substitution degree comprised between 4.5-6.1,
more preferably of 4.5. In fact, the authors of the invention identified that HP-B-CD with a
substitution degree of 4.5 has a greater solubilizing activity than the same HP-B-CD with a
substitution degree of 6.1 (see Example 4, Figure 2).

According to an alternative embodiment of the present invention, the gel formulation or viscose
solution may contain hydroxypropyl B-cyclodextrin in combination with another B-cyclodextrin
derivative selected between sulfobutyl ether beta-cyclodextrin (SBE-B-CD) and methyl B-
cyclodextrin (Me-B-CD) with variable substitution degree, in a percentage comprised between
5% and 45% wiw.

Further excipients optionally present in the formulations according to the invention which may
enhance the solubilizing effect of hydroxypropyl B-cyclodextrin are selected from the group
consisting in hydrophilic excipients such as, for example, polyoxyethyleneglycol (PEG between
400 and 6000), polyvinylalcohol, polyvinyl pirrolidone, sorbitol, glycerine, lactose, saccharose,
mannitol and are present in concentrations comprised between 0.2% and 5%. To this mixture is
possible to add polymers that may enhance the solubilizing effect of hydroxypropyl B-
cyclodextrin and/or absorption enhancers. Formulations according to the invention may further

contain preserving agent such as antimicrobial and antifungal agents.
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The invention additionally contemplates a kit for extemporaneous preparation of the
formulations according to the invention comprising the following components:

1) minoxidil;

ii) at least one hydrophilic polymer selected among alginate, carbomer, polyacrylate, cellulose
derivate, gelatin, pectin;

iii) hydroxypropyl B-cyclodextrin with a substitution degree comprised between 4.5-6.1,
preferably of 4.5, optionally mixed with another B-cyclodextrin derivative selected between
sulfobutyl ether beta-cyclodextrin (SBE-B-CD) and/or methyl B-cyclodextrin (Me-B-CD) with
variable substitution degree.

Preferably said at least one hydrophilic polymer is selected among sodium alginate, carbomer
and polyacrylate.

The above kit may further contain at least a gelling agent iv) selected between inorganic and
organic strong bases (such as, for example, NaOH, KOH, BaOH,, CaOHj,, triethanolamine) or
chlorides containing bivalent ions (such as, for example, CaCl,, BaCl,, MgCl,).

Additionally, the kit may comprise further hydrophilic excipients v) which may enhance the
solubilizing effect of hydroxypropyl B-cyclodextrin selected from the group consisting in
polyoxyethyleneglycol (PEG between 400 and 6000), polyvinylalcohol, polyvinyl pirrolidone,
sorbitol, glycerine, lactose, saccharose, mannitol.

Finally, the above kit may contain preserving agent vi) such as antimicrobial and antifungal
agents selected among benzoic acid and its salts and esters, sorbic acid and its salts and esters, 4-
hydroxybenzoic acid and its salts and esters, phenoxyethanol, methylisothiazolinone,
chloromethylisothiazolinone, ethylhexylglycerin.

The kit may further contemplate the presence of instructions for the preparation of the
formulations according to the invention.

According to a preferred embodiment of the above kit the aforementioned components 1)-vi) at
the solid state (i.e. HP-B-cyclodextrin alone or in combination with SBE-B-CD and/or Me-B-CD,
hydrophilic polymer, gelling agent, optional additional antimicrobial and/or antifungal or agents
acting synergistically with cyclodextrins to assist the solubilizing effect), may be pre-mixed and
provided as a mixture of excipients. Also the liquid components may be provided in a single
solution.

The present invention will be disclosed in the following for illustrative and not limitative

purposes, on the basis of the appended figures, wherein:
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- Figure 1 shows the effect on the solubilizing capacity of HP-B-CD with substitution degree 4.5
on four MXD percentages (1.7, 3.03, 4.13 and 4.76% w/w);

- Figure 2 shows the comparison between the solubilizing capacity of two types of HP-B-CD
with different substitution degree 4.5 and 6.1;

- Figure 3 shows the comparison between the components of two commercially available
preparations (BP and Rogaine®) and one of the formulations according to the invention
(Formulation B), highlighting the absence of the cosolvents ethanol/propylene glycol responsible
for different side effects on the scalp;

- Figure 4 illustrates the results of the histological examination on pig ear skin: A) control; B)
skin treated with an aqueous solution of 33% w/w HP-B-CD, and minoxidil 5% w/w for 24 hrs at
37°C; C) skin treated with the solution prepared following the indications of the BP (48%
ethanol, 35% propylene glycol, 12% water and 5% minoxidil) for 24 hrs at 37°C.

- Figure 5 shows the pictures of the three depilation experimental groups on day O of treatment.

- Figure 6 shows the three experimental groups on the first week of treatment: group I CTRL,
group II commercial solution, group III formulation A.

- Figure 7 shows the three experimental groups on the second week of treatment: group I CTRL,
group II commercial solution, group III formulation A.

- Figure 8 shows the three experimental groups on the third week of treatment: group I CTRL,
group II commercial solution, group III formulation A.

- Figure 9 shows the slides of the rat hair from the three experimental groups: group I CTRL,
group II commercial solution, group III formulation A.

- Figure 10 shows a graph which reports the hair growth trend in the rats under treatment.

- Figure 11 shows two graphs illustrating the hair lenght/diameter growth trend in the rats under
treatment.

- Figure 12 shows the gene expression of the autophagy marker Bnip3 (panel A) and of the
atrophy marker Atrogin-1 (panel B) both in the skin and the heart.

- Figure 13 shows the gene expression of the caspasi 3 marker (panel A) and of the marker
Mapk3 (panel B).

- Figure 14 shows the gene expression of the markers Nfkb1l and TNFa (panels A and B).

- Figure 15 shows the phase solubility graph of MXD/HPBCD at 25°C.

EXAMPLE 1: Exemplifying gel formulations of the invention
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Formulation A
- Mixture A:
v' HP-B-CD (substitution degree 4.5)  23.16 w/w

v sodium alginate 0.5 wiw
—  Minoxidil 3.51 wiw
- Solution B:

v" calcium chloride dihydrate solution 0.1M
2.63 wiw

v’ preserved water 70.2 wiw
Preparation:
The powder mixture made of HP-B-CD and sodium alginate was solubilized in water, followed
by addition of minoxidil base, which solubilized under continuous magnetic stirring. The product
required about 1 hour for a complete solubilization. It is recommended to adjust the magnet
speed to the minimum in order to avoid air bubble incorporation. The solubilized product was
clear, colourless and viscose. Once solubilization is completed a 0.1 M CaCl, solution was added
dropwise under sustained magnetic stirring. Gel required from 8 to 12 hrs to complete its

gelification.

Formulation B

—  HP-B-CD (substitution degree 4.5) 23.24 wiw

- Sodium Alginate 1.41 w/w
—  Minoxidil 3.52 wiw
— Preserved water 71.83 w/w

Preparation:

To the powder mixture made of HP-B-CD and sodium alginate, minoxidil base powder was
added.

Said mixture was transferred to a becker wherein purified water was added slowly. Powders
were left solubilizing under continuous magnetic stirring. The product required about 1 hr for a
complete solubilization. It is recommended to adjust the magnet speed to the minimum in order

to avoid air bubble incorporation. After 5 hrs the product appears like a gel.

Formulation C
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-9
- HP-B-CD (substitution degree 4.5) 23.75 wiw
- Carbomer 934 0.36 w/w
- NaOH solution (0.1 M) 0.36 w/w

- minoxidil 3.59 wiw

- preserved water 71.83 wiw

Preparation:

To the powder mixture made of HP-B-CD and carbomer, minoxidil was added. Said mixture was
transferred to a becker wherein purified water was added slowly. Powders were left solubilizing
under continuous magnetic stirring. The product required about 3 hrs for a complete
solubilization. It is recommended to adjust the magnet speed to the minimum in order to avoid
air bubble incorporation. 0.1 M NaOH solution was added dropwise to the viscose solution until

a gel is obtained.

Formulation D

—  HP-B-CD (substitution degree 4.5) 24.0 wiw
- Hydroxyethylcellulose (HEC) 1.0 w/w
—  Minoxidil 3.52 wiw

- Preserved water 71.48 wiw

To the powder mixture made of HP-B-CD and hydroxyethylcellulose, minoxidil was added. Said
mixture was transferred to a becker wherein purified water was added slowly. Powders were left
solubilizing under continuous magnetic stirring. The product required about 1 hr for a complete
solubilization. It is recommended to adjust the magnet speed to the minimum in order to avoid

air bubble incorporation. After 5 hrs the product appears like a gel.

Formulation E
- Mixture A:
v" HP-B-CD (substitution degree 4.5 or 6.1) 18 w/w

v sodium alginate 0.5 wiw
—  Minoxidil 2.0wlw
- Solution B:

v" calcium chloride dihydrate solution 0.1M
2.7 wlw
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v’ preserved water 76.8 wiw

Preparation:

The powder mixture made of HP-B-CD and sodium alginate was solubilized in water, followed
by addition of minoxidil base, which solubilized under continuous magnetic stirring. The product
required about 1 hour for a complete solubilization. It is recommended to adjust the magnet
speed to the minimum in order to avoid air bubble incorporation. The solubilized product was
clear, colourless and viscose. Once solubilization is completed a 0.1 M CaCl, solution was added
dropwise under sustained magnetic stirring. Gel required from 8 to 12 hrs to complete its

gelification.

Formulation F
- Mixture A:
v' HP-B-CD (substitution degree 4.5)  40.0 w/w

v sodium alginate 0.5 wiw
—  Minoxidil 6.0 w/w
- Mixture B:

v" calcium chloride dihydrate solution 0.1 M
3.0 wiw

v’ preserved water 45.5 wiw
Preparation:
The powder mixture made of HP-B-CD and sodium alginate was solubilized in water, followed
by addition of minoxidil. The components were solubilized after about 1 hour at room
temperature and under continuous magnetic stirring. It is recommended to adjust the magnet
speed to the minimum in order to avoid air bubble incorporation. The solubilized product was
clear, colourless and viscose. Once solubilization is completed a 0.1 M CaCl, solution was added
dropwise under sustained magnetic stirring. Gel required from 8 to 12 hrs to complete its

gelification.

Formulation G
- Mixture A:
v" HP-B-CD (substitution degree 4.5) 24 wiw

v sodium alginate 0.5 wiw
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—  Minoxidil 3.51 w/w

— Solution B:

v’ capryl-caproyl macrogol 8-glyceride 2 w/w

v’ preserved water 67.29 wiw
- Solution C:
— calcium chloride dihydrate solution 0.1M
2.7 wlw

Preparation:

The powder mixture made of HP-B-CD and sodium alginate was solubilized in the solution B
followed by addition of minoxidil base which solubilized under continuous magnetic stirring.
The product required about 1 hour for a complete solubilization. It is recommended to adjust the
magnet speed to the minimum in order to avoid air bubble incorporation. The solubilized product
was clear, colourless and viscose. Once solubilization is completed the solution C was added
dropwise under sustained magnetic stirring. Gel required from 8 to 12 hrs to complete its

gelification.

Formulation H
Mixture A:
v" HP-B-CD (substitution degree 4.5 or 6.1) 24 w/w

v sodium alginate 0.5 wiw
v" PEG 6000 1.0 w/iw
—  Minoxidil 4.0 wiw
- Solution B

v’ capryl-caproyl macrogol 8-glyceride 2 w/w

v’ preserved water 65.8 w/w

Solution C:
v" calcium chloride dihydrate solution 0.1M
2.7 wlw
Preparation:
The powder mixture made of HP-B-CD and sodium alginate and PEG 6000 was solubilized in

the solution B followed by addition of minoxidil. After 3 hrs at room temperature and under
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continuous magnetic stirring, the preparation is clear, colourless and viscose. Then 0.1 M CaCl,
solution was added dropwise under sustained magnetic stirring. Gel required from 8 to 12 hrs to

complete its gelification.

EXAMPLE 2: Analysis of the organoleptic characteristics of the formulations A-D according to
the invention

The organoleptic characteristics of some of the gel formulations of the invention (Formulations
A-D, Example 1) were analyzed.

Homogeneity (aggregates presence) was evaluated by visual inspection after inserting the
formulation into suitable vials; the presence of solid particles was detected by optical microscope
(Leica Galen III equipped with Panasonic camera and Leica Qwin software 2.4).

pH was measured by a pH-meter (Inolab pH LEVEL 1 WTW, Weilheim, Germany).

50 mg of the specific gel were dissolved in 50 ml of distilled water for 2 hrs at room
temperature. pH of this solution was measured.

The following Table 1 illustrates the achieved results.

Table 1: Organoleptic characteristics of some of the gel formulations of the invention

(Formulations A-D)

Gel Formulation Homogeneity | Grittiness pH
Calcium A +++ - 6.52+0.5
alginate

Sodium B +++ - 6.50+0.2
alginate

Carbopol C ++ - 6.53+0.8
934

HEC D +++ - 6.50+£0.5

Excellent +++, Good ++, Satisfying+, No grittiness —

EXAMPLE 3: Study on the effect of the solubilizing capacity of the HP-f-CD with substitution

degree 4.5

Preliminary studies were carried out in order to establish: a) which HP-B-CD substitution degree

is better to be used in the formulations and b) the quantitative range necessary to solubilize
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minoxidil in the amount fixed in the range between 0.5%-6% w/w.
MATERIALS AND METHODS
Preparations containing HP-B-CD with substitution degree 4.5 in different concentrations (15,
27, 39 and 60 g in g.s. to 100 ml of water) and minoxidil in different concentrations (2, 4, 6 and
8 % wlv) were assayed.
In detail, four solutions were set up containing: 15 g, 27 g, 39 g and 60 g of HP- B-CD in 100 g
of water. 2 grams of minoxidil were added to the first solution, 4 g to the second; 6 g to the third;
and 8 g to the fourth.
The preparations were left under magnetic stirring for one hour and then the active principle
solubilization was evaluated by visual inspection (limpidity of the preparation).
Solubility data were collected three times for each formulation.
TESTED FORMULATIONS
1) First formulation containing 15 g of cyclodextrin and 2 g of minoxidil on 100 g of
preparation;
2) Second formulation containing 27 g of cyclodextrin and 4 g of minoxidil on 100 g of
preparation;
3) Third formulation containing 39 g of cyclodextrin and 4 g of minoxidil on 100 g of
preparation;
4) Fourth formulation containing 60 g of cyclodextrin and 8 g of minoxidil on 100 g of
preparation.
RESULTS
Figure 1 illustrates the HP-B-cyclodextrin values expressed in w/w relative to the first to fourth
preparations being 12.8%, 20.6%, 26.0% and 35.7% w/w respectively, and the corresponding
solubilized minoxidil values being 1.7%, 3.03%, 4.13% and 4.76% w/w.
At the HP-B-CD concentration of 12.8% w/w only 1.7% w/w of minoxidil may be solubilized; at
the HP-B-CD concentration of 20.6% w/w both 1.7% w/w and 3.03% w/w of minoxidil is
solubilized; at the HP-B-CD concentration of 26% w/w 1,7%, 3.03% and 4.13 % w/w of
minoxidil is solubilized, finally at the concentration of 35.7% w/w it is possible to solubilize up
to 4.76% w/w of minoxidil.
Figure 1 graphically illustrates the results obtained on the different solubilizing capacity of HP-
B-CD with substitution degree 4.5.
EXAMPLE 4: Comparison study on the solubilizing capacity of the HP--CD with different
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substitution degree

MATERIALS AND METHODS

Two solutions of HP-B-CD at 24.8% w/w with two different cyclodextrins each having a
substitution degree of 4.5 and 6.1, were prepared.

Particularly, 33 grams for each cyclodextrin were solubilized in 100 ml of water (or 24.8 g of CD
and water g.s. at 100 g).

Said solution was distributed in vials in 5 ml volume aliquots. Each vial was added with an
amount of minoxidil of 1% w/v (50 mg); if the active principle was dissolved (visual inspection)
other 50 mg were added to obtain a minoxidil concentration of 2% w/v until an unclear solution
with a suspended product is visually obtained.

TESTED FORMULATIONS

100 g of formulation containing 24.8 g of HP-B-CD with a substitution degree of 4.5 and 100 g
of formulation containing 24.8 g of HP- B -CD with a substitution degree of 6.1.

RESULTS

Up to 5% w/v minoxidil solubilizing capacity in formulations comprising HP-B-CD in a
concentration of 24.8% w/w (with a substitution degree 4.5 and 6.1) was tested.

The formulation comprising HP-B-CD with a substitution degree of 4.5 allows a suitable
minoxidil solubilization up to 5%, whilst the formulation comprising HP-B-CD with a
substitution degree 6.1 is not capable to solubilize such amount stopping at 4%.

Figure 2 shows graphically the results obtained on the different solubilizing capability of HP-p3-
CD with a substitution degree of 4.5 and 6.1, respectively.

EXAMPLE 5: Comparison of the water, ethanol and propylene glycol content between one of
the formulation according to the invention and two commercially available formulations
MATERIALS AND METHODS

The amounts of solvents and cosolvents (water, propylene glycol and ethanol) employed to
solubilize 5 g of minoxidil were identified from the literature (Brusa P. et al. and US
2011/0112125 Al).

Data refer to 100 g final product containing 5 g of minoxidil.

Such values were compared with a preparation according to the invention having the same
amount of minoxidil.

FORMULATIONS

The following formulations containing 5% minoxidil were compared:
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A) extra strong Rogaine: formulation containing 30% ethanol, 50% propylene glycol and
15% water
B) Formulation reported in the British Pharmacopea (BP) containing 48% ethanol, 35%
propylene glycol and 12% water

C) Water formulation containing 33% w/w HP-B-CD, 62% water
RESULTS
From such comparison it is clear the absence of cosolvents in the formulation C and the fact that
this preparation shows the same minoxidil solubilizing capability of the formulations A and B
(see Figure 3).
EXAMPLE 6: Study on the histological effect of the presence of ethanol and propylene glycol
MATERIALS AND METHODS
In a Franz cell having a surface area of 2.009 cm” and a receiving volume of 12.3 ml, pig ears
skin (full tickness) taken from sacrificed pigs in the abattoir were fixed.
The ears were rinsed under running water, depilated and the skin was removed with a bistoury by
eliminating the muscular and fat portions. One part of the tissue as such (control) was suitably
treated for the histological evaluations.
Other two portions were mounted on a Franz cell.
In the receiving compartment 1 ml of the minoxidil and cyclodextrin solution was obtained by
solubilizing 5 g of the active principle in the presence of 33 g of HP-B-CD in water q.s. to 100 g.
In the receiving compartment of another Franz cell, 1 ml of the prepared formulation were added
according to BP instructions (Brusa P. et al.).
In detail, 5 g of minoxidil were solubilized under stirring in the mixture made by propylen
glycole (35 g) and ethanol 96° (48 g), then water is added under stirring q.s. at 100 g (12 g)
The two Franz cells were thermostated at 37°C in order to reach a temperature of 32°C for 24
hours on the skin surface. At the end of this period the skin samples were treated for histological
evaluation.
In particular, samples were fixed in formalin for 24 hours, dehydrated with raising
concentrations of ethylic acid, embedded in paraffin and then dissected at microtome in slices of
2-5 micrometers. Such slices were paraffin deprived, hydrated with decreasing concentration of
alcoholic solutions, finally stained with hemallume and eosin. Stained slides were observed
under light microscope.

COMPARISON FORMULATIONS
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Formulation containing 33 g of HP-B-CD and 5 g of minoxidil on 100 ml of water.
Formulation prepared according to the receipt reported in BP: Minoxidil 5 g; propylene glycol
35 g; ethanol 96°, water 48 g q.s. to 100 g.
RESULTS
Figure 4 shows the results of the histological examination carried out on the pig ears skin treated
for 24 hours at 37°C, respectively with:

— control: skin structure without any treatment (panel A),

— formulation with cyclodextrin B according to the invention (panel B)

— solution prepared according to the BP instructions (Prontuario pratico di galenica

authored by Brusa P.) (panel C).

The histological examination reported in panel B does not reveal any particular alteration of the
stratum corneum; whilst the one reported in panel C shows a substantial disorganization of the
stratum corneum.
EXAMPLE 7: Study on the in vivo efficacy of the formulation A according to the invention
The efficacy of one of the formulations according to the present patent application (formulation
A; example 1) was evaluated in vivo on a group of male rats.
MATERIALS AND METHODS
In vivo studies on male rats to test the efficacy of the new formulation containing 3.5% w/w
minoxidil were carried out. The results of such studies were compared with the commercial
available minoxidil solution (3.5% w/w hydroalcoholic solution) and with the control (untreated
rats). The study is divided in two experimental phases:

First pilot phase

In a first phase a test to evaluate the efficacy of the formulation under development (formulation
A) in comparison to the commercial available productwas carried out. This study has been
carried out on six 8-months old male rats (adult-old), average weight 550 g. Before and during
the treatment period, rats were normally fed; they were shaved on their back by an electric razor
the day before the starting of the treatment in order to obtain a shaven area of 10 cm®. The
complete depilation of the area was achieved by applying a depilatory cream for a 3 min period.
The cream was removed and the skin was treated with a 70% ethanol hydroalcoholic solution.
Rats were randomly selected and splitted in three groups, each contemplating two rats. Figure 5
shows the pictures of the three depilation experimental groups at day O of treatment.

Groups under study:
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Group I: not treated control group (CTRL) observed for a period of 23 days;

Group II: group treated with 1 ml di of the commercial available Minoxidil solution (3.5% w/w)
topically applied once a day on the shaved part for a period of 23 days;

Group III: group treated with hydrogel containing 1 g of Minoxidil (3.5% w/w) applied in the
same manner of Group II.

Rats from the three groups were observed and photographed in different days. At fixed days hair
withdrawal for macro- and microscopic evaluation of diameter, length and appearance, as well as
of bulb size was carried out.

Photographic analysis

Hair growth area was photographed weekly for each rat by iphone 5S and images were analysed
by the Microsoft Office Picture Manager program.

Sampling and trichological analysis

All the following analysis were carried out under blind conditions. Hair withdrawal was carried
out periodically and all the samples were analysed by light microscope (Leica Gallen III 50x,
100x, 400x magnification, equipped with Panasonic camera with Leica Qwin software, version
2.4), to evaluate the hair structure and the bulb size. Additionally, hair length on a statistically
significant number of different samples was measured, through a caliber with millimeter
precision.

RESULTS OF THE FIRST PILOT PHASE

During the 23 days-treatment the rats belonging to the three groups were observed and
photographed periodically.

From daily observations and photographs taken periodically it is observed that the two treated
groups with group II (commercial available solution) and group III (formulation A; example 1)
showed a comparable hair growth, with a coverage shaved area of 20% in group II and 30% in
group III since the beginning of the treatment (first week). On the contrary group I (control,
CTRL) shows a very slow hair growth with a covered surface of 10% (Figure 6). Figure 6 shows
the three experimental groups at the first week of treatment: group I CTRL, group II commercial
available solution, group III formulation A.

By setting up the treatment threshold at 20% of the covered body surface on the first week of
treatment, we may conclude that two rats from groups II and III responded to the treatment
(responders): rat 1 from group II and rat 1 from group III.

On the second week both rats from group III showed hair growth of, respectively, 60% and 55%,
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whilst in group II of 30% and 18% and no responder was observed in the control group I (hair
growth percentage of 15% and 10%) (Figure 7).

It is possible to identify: two responder rats in group III, 1 responder rat in group II, no responder
rat in group I.

On the third week of treatment group III showed a complete coverage of the shaved area equal to
100% vs group I. Also group II shows 100% coverage, but with a greater hair thinning (Figure
8). Group I showed a coverage of the shaved skin area not greater than 60%.

Hair quality and length

Hair quality was examined in all the experimental groups. In detail, samples from group III
resulted thicker and longer than group II and such difference is significantly more remarkable
when compared to group I (Figure 9).

Figure 10 shows a graph illustrating the hair growth trend in a 4 weeks observation period in the
rats under treatment.

SECOND PHASE

In the light of the results of the first study, an in-depth program of in vivo experiments was
carried out in order to confirm the observations made in the first study, and to contextually
evaluate side and irritating effects of the formulation under analysis.

In this phase the study was carried out on nine 10-12 months old male rats (adult-old) and
weighting 750 g on average, normally fed. The animals were shaved and depilated as above
disclosed. Rats were randomly selected and splitted into three groups.

Study group:

Group I: not treated control group (CTRL) observed for the whole period;

Group II: group treated with 1 ml di of the commercial available Minoxidil solution (3.5% w/w)
topically applied once a day on the shaved part for a period of 25 days.

For the period following the 25" day, the dose was applied twice a day (morning and evening)
until the 40™ day of treatment.

Group III: group treated with 1 g of formulation A (3.5% w/w) applied in the same manner of
Group 1L

Rats from the three groups were observed and photographed in different days. At fixed days hair
withdrawal for macro- and microscopic evaluation of diameter, length and appearance, as well as
of bulb size was carried out.

On the treatment day 40, each animal was weighted, anaesthetized with urethane administered by
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intraperitoneal route at the concentration of 1.2 g/kg, and depilated on the treated back and being
subjected to:
- blood sampling from left heart ventricle;
- biopsy withdrawal from dorsal skin to carry out inflammation marker gene expression studies,
by RT-PCR technique on total mRNA tissue extracts;
- biopsy withdrawal from dorsal skin treated area for histological analysis evaluating:

a. number and diameter of hair bulbs;

b. inflammatory status and search for possible necrosis area;
- heart explant for the gene expression analysis of inflammation marker by RT-PCR technique
on total mRNA tissue extracts;
- biopsy withdrawal fromm ventral skin for primary culture of fibroblasts.
All the animals completed the 40 days treatment protocol without clear clinical intolerance effect
or cutaneous reactions, but those belonging to group II.
In this group one rat at the treatment day 25 was died probably for hypotensive shock (no post
mortem examination was carried out).
RESULTS
Growth rate and trichological examination
Daily monitoring and observations of the three groups confirmed the results of the first phase
concerning the hair growth rate and the hair coverage of the treated area.
In fact, also in this study group IIl (Gel) showed a faster growth in comparison to groups II
(solution) and I (Ctrl) especially after the first week, with a better hair quality in terms of
diameter and length.
Group I showed a definitely lower growth with a thin and fragile hair quality.
Microscopic analysis of the periodically withdrawn hair showed a greater length and diameter of
group III vs group II and group I (see graphics in Figure 11).
Histological data
Preliminary histological analysis of hair sections in formaldehyde showed a significant enhance
of the bulb number for histological area in group III vs group II and group I, in agreement with
the hair density increase observed in the growth rate and trichological examination studies.
Gene expression and heart and dorsal skin inflammation
Gene expression analysis carried out by RT-PCR technique from skin and heart tissue samples

explanted from treated rat, showed:
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- no meaningful enhancement of the gene expression of the autophagy marker Bnip3 and a
significant enhancement of the atrophy gene marker Atrogin-1 both in the skin and in the heart:
group II > group III > group I (Figure 12, panels A and B).

These results point out a greater autophagic and atrophic effect of the minoxidil based
commercial solution vs minoxidil based formulation A both in the skin and in the heart.

Caspasi 3 gene, which is an apoptosis marker in different tissues, is significantly expressed in the
heart of animals belonging to group II and group III:

Minoxidil based commercial solution > minoxidil based gel formulation A > control thus
suggesting a similar pro-apoptotic effect of the treatment for both the formulations (Figure 13,
panel A).

As far as the gene expression of the Mapk3 marker is concerned, which is an enzyme involved in
tissue hypertrophy, it was observed an enhancement of its expression in the heart both with the
formulation A (gel) and with the commercial solution (Figure 13, panel B).

Nfkbl and TNFa marker gene expression, does not appear to be relevant in this experimental
groups thus suggesting that the cytokines pathway is not involved in the inflammatory processes
(see Figure 14, panels A and B).

Pressure measurements and ECG in wireless telemetry in rats treated topically with Minoxidil
based GEL in GLP

Preliminary longitudinal telemetric measurements (ADInstruments, UK; Millar New Zealand)
taken on three rats, showed that at the effective dose the treatment induces a slight reduction of
the aortic blood pressure in the rat treated with the formulation A (gel) and a moderate reduction
in the rat treated with the commercial solution. Such results suggest that the long term treatment
(40 days) may induce an hypotension in the two treatment groups, that is greater in the group
treated with the Minoxidil based commercial solution.

The above reported preliminary pharmacological study carried out on male adult-old rats,
showed the superiority of the new minoxidil based gel formulation in terms of efficacy,
handling, reduced local and systemic toxicity.

EXAMPLE 8: Phase solubility study: determination of the complexation constant between
Minoxidil and HP-B-CD

Complexation between Minoxidil and cyclodextrins was studied by different researchers and
particularly Kim J. et al. (2003) and Kwon T. K. et al. (2010), carried out studies on phase
solubility, through spectrophotometry between Minoxidil and HP-B-CD in the concentration
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range comprised between 0 and 0.32 M. However, in such works the substitution degree of the
HP-B-CD is equal to 0.8 (Kim et al. 2003) or not disclosed (Kwon et al. 2010).

HP-B-CD substitution degree, is a key parameter to be considered because it could be a
discriminating factor in order to determine the Minoxidil solubility enhancement as shown in
preceding Examples 3-4.

On the basis of the above reported considerations solubility constant between Minoxidil and HP-
B-CD with substitution degree 0.64 (suggested as the most preferred embodiment of the present
invention) was evaluated.

Among the possible approaches used to calculate the solubility constant, in the present study the
solubility method introduced by Higuchi and Connors (1965) was adopted.

MATERIALS AND METHODS

For the phase solubility study an amount of Minoxidil exceeding its solubility was added to 5
non-buffered aqueous solutions having increasing concentration of HP-B-CD (range 0-0.128 M)
in 5 ml sealed vials, to avoid any change caused by evaporation.

Suspensions thus obtained were stirred by vortexing for about 5 minutes, and subsequently
transferred in a orbital shaker in the dark for 2 days at 25 + 0.2°C at 100 oscillations per minute
(Themo Scientific).

Once equilibrium is reached, an aliquot of the aqueous phase of each sample has been transferred
to a 5 ml glass syringe and filtered through a cellulose acetate membrane filter of 0.22-pm
(Millipore®, Milan, Italy).

Filtrate was stored in the dark at temperature of 25 + 0.2°C until the next analysis which was
carried out in HPLC after opportune dilution of the sample. All the measurements were repeated
at least in triplicate.

RESULTS

Water solubility (SO) of Minoxidil was determined in the same way and resulted consistent with
the literature data (2.5 mg/ml).

Data retrieved from the quantitative analysis of Minoxidil via HPLC were used for determining
the inclusion complex constant MXD/HP-B-CD, according to the Higuchi-Connors equation,

reported in the following:

K_(1:1)= Slope/(S_0 (1-Slope))
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From the results of the study it is possible to state that, in the envisaged concentration range, the
HP-B-CD/minoxidil complex is formed in a molar ratio 1:1 CD:MXD (see Figure 15).

The complexation constant calculated results to be equal to 1500 M™, such value being
definitively higher than the one indicated by Kim et al. Such revealed difference may be
associated to the analytical method employed in the study (HPLC vs UV), and above all to the
different substitution degree of the cyclodextrin selected for these two studies, thus confirming
the importance of the selection of the substitution degree of the HP-B-CD.

EXAMPLE 9: Stability studies of the formulations according to the invention

The formulation stability is fundamental in order to establish its expiry date. It is necessary to
analyze the preparation under various aspects in order to evaluate stability: chemical, physical
and microbiological aspects. The minoxidil based master formulations reported in
Pharmacopoeia, having alcohol percentage greater than 25% w/w, resulted stable from a
microbiological point of view and it is possible to indicate an expiry date of 6 months from the
date of preparation. However, it is advisable the storage in dark glass bottles for the issue of poor
photostability of Minoxidil.

In order to establish a possible expiry date of the formulation object of the invention, three
chemical-physical stability studies of the formulation and of the active principle were conducted
for a maximum time period of three months.

The first study was carried out under real storage conditions, for three months and a total of 35
days. In the second study the same formulation was stressed under a cold-warm cycle in a
climate room for a cycle of total 60 hours. In the third study the gel formulation prepared using
preserved water was put in the climate room for 3 months at 25 +0.2°C and 60% RH.

Methods

In the first study, a formulation A was prepared according to the present invention. In detail 10
grams of Minoxidil gel 3.5% w/w were placed in transparent containers covered with parafilm
and left on a shelf at room temperature either protected or not from the light. Each week a gel
aliquot was taken from the container and diluted with an appropriate amount of water/methanol.
One part of the remaining solution was filtered and injected in HPLC (20 pl) in order to evaluate
the amount of Minoxidil which is present.

The integrated area relative to the chromatographic peak of Minoxidil was transformed in
Minoxidil concentration (mg/ml) based on a previously prepared calibration curve (R2 0.998).

The obtained value was transformed in a percentage value with respect to the expected value
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(0.035 mg/ml ) representing the amount of Minoxidil corresponding to 100% of said active into
the gel.
In the second study, chemical and physical stability of Minoxidil in the same formulation was
evaluated in climate room (Climacell, MMM Medcenter-Munich, Germany) for 60 hours
adopting the following programs:
— first program in the dark and 5 sections; 10 grams of Minoxidil gel 3.5% w/w
(formulation A) in a transparent glass container for 12 hours at 4°C; 12 hours at 25°C and
60% of R.H.; 12 hours at 40°C and 60% R.H.; 12 hours at 25°C and 60% R.H. and
finally 12 hours at 4°C
- second program under UV/Vis light and 5 sections; 10 grams of MXD gel 3.5% w/w
(example A) in a transparent glass container for 12 hours at 4°C; 12 hours at 25°C and
60% of R.H.; 12 hours at 40°C and 60% R.H.; 12 hours at 25°C and 60% R.H. and
finally 12 hours at 4°C. Every 24 hours sample aliquots were taken and treated like in the
first study.
Finally, in the third study 100 g of MXD 3.5% w/w gel formulation (formulation A) were
prepared in the presence of water with preservatives (nipagin, 75 mg and nipasol 25 mg in 100
ml of water) and 50 g of the starting formulation were transferred in a polypropylene container
and the remaining amount in a glass container both equipped with a cap. The two containers
were inserted in the climate room for three months at 25°C at 60% RH in the absence of light.
Every 15 days sample fractions were taken and analyzed as indicated in the first study.
RESULTS
The results obtained in the first study are reported in tables 2 and 3.
As it may be inferred from the tables, Minoxidil is stable in the gel for 5 weeks both in the
presence and in the absence of light.
Probably, the formation of the complex between Minoxidil and cyclodextrin, enables to enhance
the solubility of the active principle and to reduce its light instability. Further, the slight increase
of Minoxidil concentration occurring in both the studies at week 4-5, may be associated with a
time-dependent water loss by evaporation from the formulation, requiring the use of a container
with a seal plug especially if the product is stored for more than one month. A slight amber

coloration is detected in both the formulations examined at week 5.
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Table 2. Chemical stability of Minoxidil (MXD) under real conditions not protected from the

light
Time (week) Concentration (mg/ml) MXD%
0 0.036 100
1 0.037 102
2 0.038 106
3 0.037 104
4 0.037 104
5 0.042 116

Table 3. Chemical stability of Minoxidil (MXD) under real conditions protected from the light

Time (week) Concentration (mg/ml) MXD %
0 0.036 100
1 0.036 100
2 0.035 98.6
3 0.035 98
4 0.040 111
5 0.041 114

Results from the second study showed the chemical stability of Minoxidil into the gel also after a
cold-heat shock in climate room. Under such stress also the solubility of Minoxidil into the gel
was not compromised, in fact the low temperature achieved in the climate room (4°C) does not
result in any precipitate formation into the gel. Finally, this study confirmed the good physical
stability properties of the gel (no organoleptic variation) apart from a slight amber coloration
detected at the end of the study.

At last the confirmation of the chemical stability of Minoxidil was obtained also from the third

study as showed for illustrative purposes in Table 4.
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Table 4. Chemical stability of Minoxidil (MXD) into the gel in a polypropylene container
during the study in climate room for 3 months at 25°C and RH 60%

Time (week) Concentration (mg/ml) MXD %
0 0.035 100
2 0.036 103
4 0.034 97
6 0.036 103
8 0.037 106
10 0.035 100
12 0.036 103

With regard to physical stability of the formulation it is possible to detect only a slight amber
coloration of the product after three months.

EXAMPLE 10: Comparison with the minoxidil based formulations employing hydrophilic

polymers to solubilize the active principle

To demonstrate the solubilization effect of minoxidil achieved by adopting the complexation
strategy, rather than the use of hydrophilic polymers (as in US 2011/0112125) the following
experimental tests were set up.

Minoxidil formulations were prepared in a total amount of 20 g each, comprising the following
ingredients (see Example 4 of US 2011/0112125):

- Minoxidil 0.8 g (4 parts by weight)

- Polyvinylpyrrolidone (K90) 0.6 g (3 parts by weight)

- Water 18 g (90 parts by weight)

- SM H,S0, to set up pH at 3.0

Preparation method

0.8 g of minoxidil were dispersed into water under continuous stirring for 10 minutes.
Subsequently SM H,SOy4 to dissolve minoxidil; pH value is 3.1.

0.6 g of polyvinylpyrrolidone were dispersed into the solution and mixed for additional 10
minutes until a complete solubilization of the polymer is obtained.

Finally, 5M NaOH was added to restore the pH value between 4-4.5. In this environment an
abundant whit precipitate was observed.

Parallely, minoxidil formulations containing B-CD as hydrophilic polymer, minoxidil and water
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were prepared according to Example 3 of US 2011/0112125, leading to analogous results.

On the basis of these experimental tests, it may be inferred that the solubilization strategy
adopted in the patent application US 2011/0112125 is minoxidil salification induced by the acid
environment created by H,SO4 addition, being the minoxidil pKa equal to 4.6.

However, when pH is restored to pH values greater than 3 by adding NaOH, minoxidil
unprotonated form reappears leading to the precipitation of the product.

In fact, to demonstrate that the precipitated product was minoxidil, the recovered precipitate
from the tests was analyzed by NMR, Gas chromatography mass and FT-IR. The results of the
analysis confirmed that the recovered product was minoxidil.

Finally, to confirm that the strategy underlying the formulations according to the invention is the
complexation and that the pH change does not affect the active principle solubilization, the same

preceding test was repeated but with the following formulation:

- Minoxidil 0.5 g (3.7 parts by weight)
- HP-B-CD (0.64) 3.3 g (24.5 parts by weight)
- Water 9 g (67 parts by weight)

- 5M H.S04 g.s. to set pH at 3.0

(total volume 0.650 ml)

HP-B-CD was solubilized into 9 g water under continuous stirring for 30 minutes; 0.5 g of
minoxidil were added to the solution and solubilized, under magnetic stirring, for 15 minutes.

pH value of this solution is equal to 7.7.

Subsequently, SM H>SO4 was added until a pH value of 2.3 was reached.

At last, SM NaOH was added to restore the pH value between 4 and 4.5.

Surprisingly such pH variations did not result in the formation of any precipitate.
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CLAIMS

1. A viscose solution or gel formulation for topical treatment of androgenetic alopecia
comprising:

- minoxidil as active principle in a concentration comprised between 0.5% and 6% w/w;

- hydroxypropyl B-cyclodextrin as solubilizing agent in a concentration comprised between 5%
and 45% wiw;

- at least an hydrophilic polymer selected among alginate, carbomer, polyacrylate, cellulose
derivate, gelatine and pectine in a concentration comprised between 0.2% and 3% w/w;

- water between 42% and 85% w/w;

optionally together with one or more pharmaceutically acceptable excipients and/or adjuvants,
characterized by the absence of the cosolvents ethanol and propylene glycol.

2. Formulation according to claim 1, further comprising at least a gelling agent selected
between inorganic and organic strong bases or chlorides containing bivalent ions in a
concentration comprised between 2.6% w/w e il 4% w/w.

3. Formulation according to anyone of the claims 1-2, wherein said hydrophilic polymer is
present in a percentage comprised between 0.2% and 2%.

4. Formulation according to anyone of the claims 1-3, wherein the hydroxypropyl B-
cyclodextrin has a substitution degree comprised between 4.5-6.1.

5. Formulation according to claim 4, wherein the substitution degree of the hydroxypropyl
B-cyclodextrin is 4.5.

6. Formulation according to anyone of the claims 1-5, comprising an additional B-
cyclodextrin selected between sulfobutyl ether B-cyclodextrin and methyl B-cyclodextrin with
variable substitution degree in combination with hydroxypropyl B-cyclodextrin, in a percentage
comprised between 5% and 45% w/w.

7. Formulation according to anyone of the claims 1-6, wherein the optional excipients are
hydrophilic excipients selected from the group consisting in polyoxyethyleneglycol,
polyvinylalcohol, polyvinyl pirrolidone, sorbitol, glycerine, lactose, saccharose, mannitol, in a
concentration comprised between 0.2% and 5%.

8. Formulation according to anyone of the claims 1-7, further comprising preservative
agents such as antimicrobial and/or antifungal agents.

9. Formulation according to anyone of the claims 1-8, wherein said at least one hydrophilic
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polymer is selected between sodium alginate, carbomer and polyacrylate.

10.  Kit for the extemporaneous preparation of the formulation according to anyone of the
preceding claims 1-9 comprising:

1) minoxidil;

i1) at least an hydrophilic polymer selected between alginate, carbomer, polyacrylate, cellulose
derivate, gelatine and pectine in a concentration comprised between 0.2% and 3% w/w;

iii) hydroxypropyl B-cyclodextrin, optionally in combination with sulfobutyl ether B-cyclodextrin
and/or methyl B-cyclodextrin.

11.  Kit according to claim 10, wherein said hydrophilic polymer is selected among sodium
alginate, carbomer and polyacrylate.

12.  Kit according to claim 10 or 11, further comprising at least a gelling agent iv) selected
between inorganic and organic strong bases or chlorides containing bivalent ions.

13.  Kit according to anyone of the claims 10-12, further comprising at least an hydrophilic
excipients v) enhancing the solubilizing effect of the hydroxypropyl B-cyclodextrin, selected
among polyoxyethyleneglycol, polyvinylalcohol, polyvinyl pirrolidone, sorbitol, glycerine,
lactose, saccharose, mannitol.

14. Kit according to anyone of the claims 10-13, comprising at least one preservative agent
vi) such as antimicrobial and/or antifungal agents.

15. Kit according to anyone of the claims 10-14, wherein the hydroxypropyl B-cyclodextrin

has a substitution degree comprised between 4.5-6.1, preferably 4.5.
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