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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to polymeric nanoparticles, in the form of nanocapsules,
comprising finasteride and to a pharmaceutical composition for topical application for the
treatment of alopecia, said composition comprising said polymeric nanoparticles, in the form of
nanocapsules, containing finasteride, additives and a pharmaceutically acceptable carrier. The
invention further includes a process for the preparation of said finasteride nanocapsules that
are appropriate for a topical application composition suitable for treating alopecia. The
invention further relates to the above nanoparticles, in the form of nanocapsules, for use in the
treatment of alopecia.

Fundaments of the Invention

[0002] Hair loss, also called alopecia, can manifest itself in many forms. It can be irreversible in
cases classified as scarring alopecia where there is the destruction of hair follicles; or
reversible in non-scarred cases which have several causes and may originate from
pharmacological treatments, diet, physiological or psychological stress, fungal infections,
chemotherapy or genetic inheritance. Because of this, several pharmacological and non-
pharmacological treatments (implants and laser applications) are being used in an attempt to
reverse this situation.

[0003] In capillary therapy, in order for a drug to have the desired action, it is necessary for it
to reach the hair follicle (in the epidermis), where the enzyme responsible for triggering the
disease is located, without permeating the blood capillaries that supply the hair follicle
(avoiding a systemic action). Thus, for a formulation to be effective, it is necessary for it to be
able to promote the penetration and retention of the drug at its site of action (DRAKE, L., et al;;
"The effects of finasteride on scalp skin and serum androgen levels in men with androgenetic
alopecia." Journal of the American Academy of Dermatology, 1999, vol. 41, no. 4, p. 550-554).

[0004] Androgenic alopecia is the transformation of mature hair follicles (terminal) to immature
follicles (vellus) through successive capillary cycles with a shortening of the anagen time
phase. Thus, due to the reduction in time of growth and development of the shaft, it becomes
progressively shorter, thinner and often without color (INUI, S.; ITAMI, S.; "Molecular basis of
androgenetic alopecia: From androgen to paracrine mediators through dermal papilla." Journal
of Dermatological Science, 2011, vol. 61, p.1-6). This is the most common type of alopecia and
it affects mainly men, being related, among other factors, to the regulation of sex hormones. A
greater understanding of androgenic alopecia came from the studies of Hamilton (1942) who
described the pattern of hair loss and physiology as a process linked to a genetic
predisposition of the hair follicle that occurs under the influence of androgens (Trueb, RM,;
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"Molecular mechanisms of androgenetic alopecia. "Experimental Gerontology, 2002 v. 37, no.
8-9, p. 981-990). However, there is no correlation between androgenic alopecia and
testosterone levels, free testosterone and bioavailable testosterone. It is probable that the
pathogenic bases of baldness are mediated through intracellular signaling in the hair follicle
(INUI, S.; ITAMI, S.; "Molecular basis of androgenetic alopecia: From androgen to paracrine
mediators through dermal papilla.” Journal of Dermatological Science, 2011, vol. 61, p.1-6).

[0005] Through the action of the 5a-reductase enzyme, testosterone is converted to a more
powerful hormone dihydrotestosterone (DHT). It is believed that its action is greater than that
of testosterone for two main reasons: (i) DHT cannot be converted into estrogen by
aromatases, maintaining only its purely androgenic activity, (ii) in vitro studies demonstrate that
DHT binds with more affinity to the androgen receptor than testosterone (LIU, S.; YAMAUCHI,
H., "Different patterns of Sa-reductase expression, cellular distribution, and testosterone
metabolism in human follicular dermal papilla cells." Biochemical and Biophysical Research
Communications, 2008, 368 p.858-864). The action of these androgen hormones occurs by
disseminating them through the cell membrane with the purpose of binding to the intracellular
androgen receptor. As a result of this binding, the hormone-receptor complex undergoes
conformational changes, thus binding the complex with the promoter site in the DNA, triggering
the production of messenger RNAs that will transcribe the genetic response (INUI, S.; ITAMI,
S.; "Molecular basis of androgenetic alopecia: From androgen to paracrine mediators through
dermal papilla." Journal of Dermatological Science, 2011, vol. 61, p.1-6). On the binding of
DHT to the androgen receptor present in the hair follicle, the response is a decrease in the
anagen phase of the hair growth cycle, thus moving the hair to the early telogen phase (Ellis,
JA; Harrap, SB; "The genetics of androgenetic alopecia." Clinics in Dermatology, 2001, vol. 19,
p. 149-154).

[0006] Androgenic alopecia presents a pattern in hair loss, which facilitates the diagnosis and
easily distinguishes it from other types. By default, initial loss of the hair shaft occurs on the
frontal part or on the vertex only, and may expand to other regions. The degree of alopecia
can be determined by the Norwood-Hamilton scale. This scale identifies three types of hair loss
patterns: vertex pattern (where the loss of the shaft starts at the back), front pattern (where the
loss of the shaft starts at the front) and the normal pattern (beginning with loss at both the front
and the back), with all patterns being divided into seven stages of hair loss (Sinclair, RD; "Male
androgenetic alopecia." The Journal of Men's Health & Gender, 2004 v. 1, no. 4, p. 319-327).

[0007] Currently, the treatment of alopecia can be both topical and systemic. Among the drugs
approved by ANVISA (Brazil), the following can be cited: (i) as systemic, the medicine made of
finasteride (1 mg) for oral use, marketed under the brand name Propecia®, which acts as a
blocker of DHT hormone; and (ii) as topicals: (a) a drug with a minoxidil base, marketed under
the brand name Regain®/Rogain® mousse with 2% (for women) and 5% (for men) and (b) the
drug based on alphaestradiol, marketed under the brand name Avicis® in the form of a 0.025%
solution.

[0008] The active ingredient (finasteride) presents several difficulties related to stability,
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bioavailability and formulation that result from its physicochemical and biological/physiological
properties. To solve or reduce the negative characteristics of the active ingredient, alternatives
were researched to "protect it against degradation” or to "increase its solubility."

[0009] The development of new drug delivery systems has been the target of improvements
directed towards the enhancement of its therapeutic efficacy and safety of use, by changing
pharmacokinetic and pharmacodynamic aspects. Among the colloidal drug delivery systems,
there are the polymeric nanoparticles and liposomes (Avnesh Kumari, Sudesh Kumar Yadav,
Subhash C. Yadav, Biodegradable polymeric nanoparticle based drug delivery systems,
Colloids and Surfaces B: Biointerfaces, Volume 75, Issue 1, January 1, 2010, Pages 1-18;
Vladimir P. Torchilin, RECENT ADVANCES WITH LIPOSOMES AS PHARMACEUTICAL
CARRIERS, NATURE REVIEWS, VOLUME 4, FEBRUARY 2005, p 145). Because of their
therapeutic potential and improved stability during storage and upon contact with body fluids,
polymer nanoparticles formed by biodegradable polymers have attracted an increased
attention of researchers when compared to liposomes (SCHAFFAZICK, SH, et al;
"Characterization and physicochemical stability of nanoparticle polymeric systems for drug
delivery." New Chemistry, 2003, Vol. 26, no. 5, p. 726-737).

[0010] Polymeric nanoparticles are colloidal drug carrier systems which have diameters
between 10 and 1000 nm and are divided, according to their supramolecular architectures, into
vesicles or matrices. Nanocapsules (vesicular) have an oily core surrounded by a polymer
matrix, allowing the drug to be dispersed in the core and/or adsorbed in the polymeric wall.
Nanospheres (matrices) do not have an oily core, only a polymeric structure, so the drug may
be adsorbed or retained in the polymer matrix. Nanoparticles made of biodegradable polymers
have been preferred since they are potentially more therapeutic, and have high stability in
biological fluids and during storage (SCHAFFAZICK, SH, et al.; "Characterization and
physicochemical stability of nanoparticle polymeric systems for drug delivery." New Chemistry,
2003, Vol. 26, no. 5, p. 726-737).

[0011] Different physicochemical processes may be employed for the preparation of these
nanoparticle systems, such as: (i) interfacial deposition of preformed polymers, (b) salting-out,
and (c) emulsification-diffusion. Among the major techniques for nanocapsule preparation, the
interfacial deposition of preformed polymers proposed by Fessi et al in 1989 stands out.
(FESSI, H.; et al; "Nanocapsule formation by interfacial polymer deposition following solvent
displacement." International Journal of Pharmaceutics, 1989, vol. 55, no. 1, p. R1-R4), wherein
the polymer is dissolved in the organic solvent together with the oily component, the lipophilic
surfactant and the drug or active ingredient to be encapsulated. This organic/oily phase is
injected under moderate agitation, over an aqueous phase, which is composed of water and a
hydrophilic surfactant. This mixture spontaneously vyields nanocapsules, with average
diameters between 200 and 500 nm. Finally, the organic solvent and excess water are
removed.

[0012] Most topical products available for the treatment of alopecia are formulated with the
active ingredients dissolved in a water-alcohol solution. However, due to the low permeability of
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some drugs through the keratin layer, only a fraction of the applied dose reaches the site of
action, penetrating the pores and hair follicles (TSUJIMOTO, H. et al.; "Evaluation of the
permeability of hair growing ingredient encapsulated PLGA nanospheres to hair follicles and
their hair growing effects." Bioorganic & Medicinal Chemistry Letters, 2007, vol. 17, p. 4771-
4777). As a result, hair growth using these products does not exceed consumer expectations,
leading to lack of adherence to the treatment. Recent studies have confirmed the hypothesis
that nanoparticles can penetrate effectively in the hair follicles (Lademann, J., et al,;
"Nanoparticles - An efficient carrier for drug delivery into the hair follicles." European Journal of
Pharmaceutics and Biopharmaceutics, 2007, vol. 66, no. 2, p. 159-164) reaching deep
functional structures wherein they remain stored for a few days. In the case of non-particulate
substances, such long term effects have not been observed in hair follicles or in the stratum
corneum. In principle, the stratum corneum lacks the reservoir characteristic for topically
applied substances since these substances remain localized on the surface of the skin or in the
upper cell layers (which are continuously removed by peeling). Therefore, hair follicles
become, in long term, the only reservoirs for non-particulate substances of topical use. These
observations show that hair follicles are important targets for drug delivery, since they are
surrounded by a dense network of blood capillaries and dendritic cells (Langerhans cells).

[0013] For example, the effect of nanospheres of poly (lactide-co-glycolide) (PLGA) containing
three different active ingredients (Hinokitiol, glycyrrhetinic acid and 6-benzylaminopurine) for
hair growth was assessed in vivo (TSUJIMOTO, H., et al.; "Evaluation of the permeability of
hair growing ingredient encapsulated PLGA nanospheres to hair follicles and their hair growing
effects." Bioorganic & Medicinal Chemistry Letters, 2007, vol. 17, p. 4771-4777). Analyzing the
fluorescence intensity of these active ingredients in human scalp biopsies, the authors found
that the nanospheres had a permeability effect in the pores 2 to 2.5 times higher when
compared to the control group of the same active ingredients in a buffer solution (PBS). It was
also possible to see an increase in the capillary activity, whose cycle is passed from the rest
phase to the growth phase, suggesting that PLGA nanospheres may be promising carriers for
drugs in hair follicles.

[0014] To date, there are few papers in the literature that report the placement of finasteride in
nanoparticle systems. Document US20060204588, owned by Elan Pharma International
Limited, discloses a pharmaceutical composition containing nanoparticulate finasteride (having
average size less than 2000nm) and at least one surface stabilizer which may be adsorbed by
or associated with the surface of the active ingredient. As to the method of preparation of the
nanoparticulate finasteride formulation, this method consists in dispersing finasteride in a liquid
dispersion medium, and mechanically reducing its particle size.

[0015] Patent application US20110117045, owned by Fujifilm Corporation, is a product based
on protein nanoparticles containing an active ingredient for hair treatment; the product consists
of nanoparticles produced from protein (such as casein, collagen, gelatin, albumin, among
others) which also contains an active ingredient that promotes hair growth, and includes
finasteride and minoxidil as one of these active ingredients.
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[0016] Document WO2005000258, owned by Amorepacific Corporation, describes self-
assembled polymeric nanoparticles comprising an amphiphilic polymer and a physiologically
active ingredient; whereby the amphiphilic polymer comprises polycaprolactone and
polyethylene glycol as a hydrophobic and hydrophilic block, and the physiologically active
ingredient is comprised by said amphiphilic polymer. The physiologically active ingredient can
be finasteride (as specified in claim 10; see also examples 45-47) or minoxidil (see page 8,
lines 8-18). The motivation of the claimed improvements, i.e., the use of an amphiphilic
polymer in the formation of nanoparticles containing an active ingredient, is to reduce the
colloidal instability which causes the precipitation or flocculation that occurs when a
hydrophobic polymer is used in the preparation of nanoparticles.

[0017] However, it is desirable to use a homopolymer which is technically less complex and
simpler to obtain than a copolymer which is actually a structure in polymer blocks, wherein the
ratio of the hydrophilic and lipophilic portions is difficult to control, thus causing problems in the
subsequent formation of nanoparticles, especially nanocapsules.

[0018] Furthermore, the use of block copolymers which are prepared in a 1:1 ratio of the
hydrophilic and lipophilic portions causes a lack of flexibility in the hydrophile-lipophile balance
(HLB) which can limit the quality of nanotechnological formulations. The possibility of varying
the concentration of stabilizer (hydrophilic emulsifier or surfactant) is an advantage in
preparing nanoparticles. Lipophilic homopolymers can be formulated as nanoparticles by
employing stabilizers in varying proportions in the formulation, allowing an optimization of
physical stability of the nanocolloids.

SUMMARY OF THE INVENTION

[0019] The present invention aims to provide polymeric nanoparticles, in the form of
nanocapsules, comprising finasteride and a pharmaceutical composition for the topical
treatment of alopecia, said composition comprising said polymeric nanoparticles, in the form of
nanocapsules, containing finasteride, additives and a pharmaceutically acceptable carrier. The
invention further includes a process for the preparation of finasteride nanocapsules suitable for
a topical application composition for the treatment of alopecia. The invention further relates to
the above nanoparticles, in the form of nanocapsules, for use in the treatment of alopecia.

[0020] A first embodiment of the invention relates to a polymeric nanoparticle in the form of a
nanocapsule comprising the active ingredient finasteride, wherein said nanoparticle is formed
from preparing an organic phase and an aqueous phase, wherein:

1. (i) the organic phase comprises:
1. (a) a hydrophobic polymer that is a poly(e-caprolactone) having a melting point of
less than 120°C;
2. (b) a mixture of oils consisting of caprylic and capric acids triglycerides, and the
mixture of linalool and farnesol;
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3. (c) a lipophilic low HLB surfactant that is sorbitan monostearate;
4. (d) an organic solvent that is acetone; and
5. (e) finasteride; and

2. (ii) the aqueous phase comprises:

(f) a hydrophilic surfactant that is polysorbate 80; and

(g) water.

[0021] In a second embodiment, the invention relates to a pharmaceutical composition for the
topical treatment of alopecia comprising:

1. (A) 0.01 to 1.0% (w/w) of finasteride in the form of the above polymeric nanoparticles;
and
2. (B) a pharmaceutically acceptable carrier,;

wherein the quantity of components of the polymeric nanoparticles is in percentage of the final
formulation and said nanoparticles are stably dispersed in the pharmaceutically acceptable
carrier.

[0022] In a third embodiment, the invention comprises a process for preparing the above
polymeric nanoparticles, wherein said process comprises the steps of:

1. (i) preparing an organic phase by dissolving a poly(e-caprolactone) having a melting
point of less than 120°C and finasteride, a mixture of oils consisting of caprylic and
capric acids triglycerides, linalool and farnesol, and a low HLB surfactant that is sorbitan
monostearate, in acetone;

2. (ii) preparing an aqueous phase by mixing polysorbate 80, in water;

3. (iii) injecting the organic phase in the aqueous phase to allow formation of the primary
emulsion of nanoparticles on the interface of the two phases, the mixture being
maintained under stirring for a time sufficient for adequate encapsulation of the
finasteride; and

4. (iv) removing the organic solvent to allow recovering of the aqueous phase containing
the nanocapsules.

[0023] After preparing the nanocapsules, they are suspended in a suitable carrier, optionally
containing additives such as dispersants, moisturizers, emollients, thickeners, sequestering
agents, preservatives, antioxidants, fragrances and the like. In a fourth embodiment, the
invention relates to the above nanoparticles, in the form of nanocapsules, for use in the
treatment of alopecia.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0024]

Figure 1 shows transmission electron microscopy of the nanocapsules containing finasteride
(NF25). The black bar in the right corner of the image is 0.2 micrometers.

Figure 2 shows finasteride concentrations over 30 days of the nanocapsules determined in
aliquots at rest (in gray) and stirred aliquots (in black) prior to collection (both from the same
lot).

Figure 3 shows photographs of the animals on the first day (column 1), after 15 days (column
2) and 23 days (column 3) for treatment groups treated with: NF25 (A); NEF25 (B); drug
suspended in water (C) and water (D).

Figure 4 shows the histological analysis of the groups: NF25 (A) NEF25 (B) C2+ (C) and C-
(D).

Figure 5 shows the number of mature follicles per analyzed histologic field (n = 12) for the
treatments C- (water), C2 + (free drug), NEF25 (nanoemulsion) and NF25 (nanocapsules).

Figure 6 shows the distribution of particle size (laser diffraction) by volume for the NPXF05
formulation.

Figure 7 shows the analysis of the percentage of drug remaining in the supernatant of the
formulations (triplicate batches) NF25 (A) and NPXF05 (B), allowed to be still for 30 days.

Figure 8 shows a photograph of the animals on day 0 (photo 1) and at 15 days (photo 2) and
23 days (photo 3) of treatment groups treated with NF25 (A) and NPXFQ5 (B).

Figure 9 shows the histopathological analysis of the skin removed from the back of the animals
after 23 days of treatment with: NF25 (A) and NPXF05 (B).

Figure 10 shows the average number of mature follicles per field examined histologically for
animals treated with the NF25 formulation (A) and the NPXF05 formulation (B). The
formulations NF25 and NEF25 are not according to the invention. The formulation NPXFQ5 is
according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0025] The present invention relates to polymeric nanoparticles, in the form of nanocapsules,
commprising finasteride and to a pharmaceutical composition effective for the topical treatment
of alopecia, said composition comprising said nanoparticulate systems, in the form of
nanocapsules of finasteride, pharmaceutically acceptable carriers; and optionally containing
additives.
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[0026] The invention also includes a process for the preparation of polymeric nanoparticles
comprising finasteride in the form of nanocapsules, which are comprised by said composition.

[0027] Finasteride is a synthetic azosteroid with potent selective antagonist action on 5o-
reductase type 2 enzymes. Finasteride acts by irreversibly binding to the enzyme, preventing
the conversion of testosterone to its active metabolite, dihydrotestosterone (DHT). The use of
finasteride was initially approved for the reduction of prostate size associated with urinary
obstruction (benign prostatic hyperplasia), since DHT in men, although responsible for prostate
growth, can be involved in development of hyperplasia. However, it has been observed that
patients taking this drug also presented a reversal in alopecia symptoms. For this reason, the
development of studies to investigate the potential of finasteride in the treatment of baldness
had begun (Sinclair, RD, "Male androgenetic alopecia: Part Il." The Journal of Men's Health &
Gender, 2005, vol. 2, no. 1, p. 38-44). A study by Kaufmann et al (2008) with 1553 men aged
18 to 41 years evaluated the action of finasteride in doses of 1 mg daily against placebo for
five years. The result of treatment with finasteride led to a decrease in the probability of visible
hair loss, compared to the increased likelihood of visible hair loss in patients treated with
placebo. In this study, at the end of the five years, 75% of placebo-treated patients developed
baldness and only 10% of patients treated with finasteride developed the disease. A review of
the safety and efficacy of finasteride use for treating androgenic alopecia in women showed in
conclusion that this drug can be used safely and effectively in cases wherein topical treatment
with minoxidil is not effective (Stout, SM ; STUMPF, JL; "Finasteride Treatment of Hair Loss in
Women." The Annals of Pharmacotherapy, 2010, vol. 44, no. 6, p. 1090-1097).

[0028] The present invention avoids the disadvantages and side effects associated with
systemic administration of finasteride by proposing a topical application pharmaceutical
composition of finasteride for the treatment of alopecia.

[0029] The invention is based on the preparation of finasteride nanocapsules, by means of the
method of interfacial deposition of preformed polymer, wherein it is firstly made the dissolution
of finasteride, of a hydrophobic polymer, of at least one oil blend and at of least one surfactant
of low HLB (Hydrophilic Lipophilic Balance) in an organic solvent to form the organic phase;
and the mixture of at least one hydrophilic surfactant, preferably neutral, in water to form the
aqueous phase.

[0030] The invention is particularly directed to the preparation of polymeric nanoparticles,
preferably performed, by the method of self-organization of nanocapsules from solutions with
consequent interfacial polymer deposition, due to its insolubility in both the internal and
external phases of the colloidal dispersions. However, it should be clear that other methods
can be used to produce the nanocapsules of the invention.

[0031] Said polymeric nanoparticles, in the form of nanocapsules, are formed from the organic
and aqueous phases, as follows:
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» The organic phase comprises: (a) a hydrophobic polymer, (b) a mixture of oils, (c) at
least one low HLB lipophilic surfactant, (d) a solvent and (e) finasteride; and
* The aqueous phase comprises: (a) at least one hydrophilic surfactant, and (b) water.

[0032] Polymers herein disclosed to encapsulate finasteride are hydrophobic polymers
selected from the group consisting of vinyl polymers, polyesters, polyamides, polyurethanes,
acrylic polymers and polycarbonates. Preferably, the used hydrophobic polymer is a
biodegradable polymer from the group of polyesters having a melting point of less than 120 °C.
More preferably, the biodegradable hydrophobic polymer from the group of polyesters, having
a melting point of less than 120 °C is selected from the group consisting of a poly(lactide), a
poly (glycolide), copolymers of poly(lactide-co-glycolide), a polycaprolactone, a copolymer of
polycaprolactone with polyester, with polyamide, with polyurethane or with a vinyl polymer. The
polymer according to the invention is poly(e-caprolactone). Qils or oil mixtures herein disclosed
for the preparation of the organic phase of the nanocapsules are selected from the group
consisting of medium-chain triglycerides, canola oil, soybean oil, olive oil, rice bran oil, grape
seed oil, fish oil, linseed oil, essential oils and mixtures thereof.

[0033] Medium-chain triglycerides are those selected from the group of caprylic and capric
acids triglycerides, propylene glycol dicaprylocaprate, oleoyl macrogolglycerides, lauroyl,
linoleoyl and mixtures thereof. Among the essential oils are those selected from the group of
linalool, farnesol and mixtures thereof.

[0034] Among the triglycerides, caprylic and capric acids triglycerides are herein disclosed.

[0035] In the present invention, a triglycerides mixture of caprylic and capric acids and
Unistab® S-69 is preferably used. Unistab® S-69 is a mixture of linalool
and farnesol, a mixture of essential oils available on the market.

[0036] The invention concerns the increase of the encapsulation of finasteride by the addition
of a new oil in the formulation's lipid core composition in which the solubility is greater than in
caprylic and capric triglycerides. To this end, Unistab® S-69, a commercial mixture, was
employed and consists of farnesol and linalool, in which the solubility of finasteride is about 90
mg/mL (dosing done by HPLC). Farnesol is a sesquiterpene alcohol and linalool is a terpenic
alcohol, both found in various essential oils and insoluble in water but miscible with oils and
other organic solvents such as acetone and ethanol. For being volatile, Unistab® S-69 was
mixed with triglycerides in a ratio of 2.3: 1 (v/v) (Unistab® S-69: triglycerides). However, this
proportion, considering the saturation of finasteride in Unistab® S-69, could be employed in the
preparation of a formulation with a drug concentration of 2.0 mg/ml, due to the volatility of
Unistab® S-69 and to the consequent loss of oil due to the draw caused by steam during the
process of solvent evaporation under reduced pressure, a formulation was prepared with a
finasteride concentration of 0.5 mg/ml, in order to ensure the nanometric features of the
system.



DK/EP 2891487 T3

[0037] The lipophilic surfactant herein disclosed for use in the organic phase for the
preparation of the polymeric nanoparticles is a low HLB surfactant, preferably with a value in
the range of 3 to 6, being solid or liquid, preferably solid, selected from the group consisting of
sorbitan monostearate, sorbitan distearate, sorbitan tristearate, caprylocaproyl macrogol
glycerides,

propylene glycol laurates, propylene glycol caprylates, glyceryl monostearate, polyglycerol
oleates, or mixtures thereof. The lipophilic surfactant used in the organic phase of the invention
is sorbitan monostearate.

[0038] Solvents herein disclosed for use in the organic phase for the the preparation of these
polymeric nanoparticles, in the form of nanocapsules, are selected from the group consisting of
acetone, dimethylsulfoxide, dimethylformamide, N-methylpyrrolidone, dioxane, propylene
carbonate, diethyl ether, tetrahydrofuran, organohalogens, ethyl acetate, acetonitrile, methyl
ethyl ketone, mixtures thereof or any other solvent that presents physicochemical properties of
intermolecular interaction with water. In the invention, the organic solvent is acetone.

[0039] Hydrophilic surfactants herein disclosed for use in the aqueous phase are selected from
the group consisting of polyoxygenated polymers, ionic surfactants and neutral surfactants,
preferably emulsifiers such as polyoxygenated polymers, or ionic surfactants such as lecithin or
a neutral surfactant selected from the group consisting of polysorbate 20, polysorbate 60,
polysorbate 80, macrogol stearate, macrogol cetostearyl ether, macrogol lauryl ether,
macrogol oleyl ether, macrogol oleate, polyoxyl castor oil, hydrogenated polyoxyl castor oil,
and mixtures thereof. Polysorbate is preferred. Polysorbate 80 is chosen for the aqueous
phase of the nanoparticles preparation of the invention.

[0040] The following are specific embodiments of the invention, provided for illustrative
purposes only.

[0041] The aqueous suspension from which the polymeric nanocapsules are formed
comprises:

* In the organic phase (a) from 0.001% to 80.0% (w/w) of finasteride, (b) from 0.01% to
30.0% (w/w) of a hydrophobic polymer that is a poly(e-caprolactone) having a melting
point of less than 120°C, (c) from 0.01% to 50.0% (w/w) of a mixture of oils consisting of
caprylic and capric acids triglycerides, and the mixture of linalool and farnesol, (d) from
0.01% to 50.0% (w/w) of at least one low HLB lipophilic surfactant that is sorbitan
monostearate, and (e) from 10% to 80% (w/w) of an organic solvent that is acetone; and

e In the aqueous phase (a) from 0.05% to 20.0% (w/w) of at least one hydrophilic
surfactant that is polysorbate 80, and (b) from 10% to 90% (w/w) of water.

[0042] In a preferred embodiment, the aqueous suspension from which the polymeric
nanocapsules are formed comprises:



DK/EP 2891487 T3

1. (i) In the organic phase (a) from 0.05% to 20.0% (w/w) of a hydrophobic polymer that is
a poly(e-caprolactone) having a melting point of less than 120°C; (b) from 0.05% to
20.0% (w/w) of a mixture of caprylic and capric acids triglycerides with linalool and
farnesol (Unistab® S-69); (c) from 0.05% to 20.0% (w/w) of at least one lipophilic low
HLB surfactant that is sorbitan monostearate; (d) from 10% to 80% (w/w) of an organic
solvent that is acetone; and (e) from 0.005% to 50.0% (w/w) of finasteride; and

2. (ii) In the aqueous phase (f) from 0.05% to 20.0% (w/w) of at least one hydrophilic

surfactant that is polysorbate 80; and (g) from 10% to 90% (w/w) of water.
A pharmaceutical composition for the topical treatment of alopecia contains: (A) the
polymeric nanoparticles, in the form of nanocapsules, of the present invention,
comprising: (a) from 0.01% to 2.5% (w/w) of finasteride; (b) from 0.1% to 10.0% (w/w) of
a hydrophobic polymer that is poly(e-caprolactone) having a melting point of less than
120°C; (c) from 0.1% to 5.0% (w/w) of a mixture of oils consisting of caprylic and capric
acids triglycerides, and the mixture of linalool and farnesol (Unistab® S-69); (d) from
0.1% to 5.0% (w/w) of at least one lipophilic surfactant of low HLB that is sorbitan
monostearate; (e) from 0.001% to 10% (w/w) of a hydrophilic surfactant that is
polysorbate 80; and (B) a pharmaceutically acceptable carrier,

wherein the amount of the components of the nanocapsules are in percentage of the final
formulation and said nanocapsules are stably dispersed in said pharmaceutically acceptable
carrier.

[0043] A preferred pharmaceutical composition for treatment of alopecia of the present
invention comprises from 0.01 to 1.0% (w/w) of finasteride in the form of polymer
nanocapsules, stably dispersed in a pharmaceutically acceptable carrier.

[0044] The pharmaceutical composition for the treatment of alopecia optionally contains
additives such as dispersants, surfactants, moisturizing agents, emollients, thickeners,
sequestering agents, preservatives, antioxidants, fragrances and the like.

[0045] The following are specific embodiments of the invention. However, it should be
understood that such examples are provided for illustrative purposes only.

EXAMPLE 1: Nanocapsules not according to the invention containing 0.25% finasteride

Example 1.1: Preparation of finasteride nanocapsules not according to the invention

(NF25)

[0046] The suspensions of finasteride nanocapsules were prepared from an organic phase
and an aqueous phase, using the composition described in Table 1.
Table 1. Composition of the suspensions of poly (e-caprolactone) nanocapsules containing
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0.25% of finasteride, not according to the invention [NF25]

Organic Phase Quantity
Caprylic and capric acids
Triglycerides 3.30 mL
Sorbitan monostearate 770 mg
Poly(e-caprolactone) 1000 mg
Acetone 250 mL
Finasteride 250 mg
Aqueous Phase Quantity
Polysorbate 80 770 mg
Distilled Water 500 mL

[0047] The polymer (poly(e-caprolactone)) was solubilized in the organic phase along with
finasteride, caprylic and capric acids ftriglycerides and low HLB surfactant (sorbitan
monostearate) under moderate heating between 20 °C and 40 °C preferably at 40 °C,
employing acetone as solvent. The neutral surfactant (polysorbate 80) was dissolved in water
to form the aqueous phase. After dissolution of all components of the organic phase and
aqueous phases, the organic phase was injected, using a funnel, over the aqueous phase.

[0048] After the formation of the primary emulsion of nanocapsules of the invention, the
emulsion was maintained under moderate agitation for 10 minutes and then concentrated to a
final volume of 100 ml in a rotary evaporator under reduced pressure in a thermostatic bath in
the evaporation flask between 10 °C and 80 °C, preferably between 30 °C and 45 °C to
eliminate the solvent and the excess water to adjust the final concentration of finasteride. This
formulation was called NF25.

Example 1.2: Preparation of nanoemulsion finasteride (NEF25) (not according to the

invention)

[0049] For comparison purposes, a finasteride nanoemulsion formulation was also prepared to
a concentration of 0.25%. The method of preparation was identical to that of the finasteride
nanocapsules (NF25) excluding, however, the (poly(e-caprolactone)) polymer. Table 2 shows
the composition of this formulation, which was designated NEF25.

Table 2. Nanoemulsion composition containing 0.25% of finasteride (NEF25)

Organic Phase Quantity

Caprylic and capric acids

Triglycerides 3.30 mL

Sorbitan monostearate 770 mg
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Organic Phase Quantity
Acetone 250 mL
Finasteride 250 mg
Aqueous Phase Quantity
Polissorbate 80 770 mg
Distilled Water 500 mL

EXAMPLE 1.3: Physical and chemical characterization of finasteride nanocapsules
0.25% (not according to the invention)

A. Determination of pH

[0050] Determination of pH was performed by a potentiometer, calibrated with buffer solutions
of pH 4.0 and 7.0, directly in the suspensions.

B. Determination of the particle diameter and polydispersion index by multiple light
scattering

[0051] The nano-Zetasizer® equipment model ZEN 3600 ZS, Malvern, USA was used to
determine the diameter and polydispersity of the nanoparticle suspension by dynamic light
scattering. For this purpose, the samples were diluted in milliQ® water (filtered through a 0.45
micron filter, Millipore Millex-HP) 500 times at room temperature and the results were
determined by the average of three repetitions.

C. Determination of particle size distribution by laser diffractometry

[0052] To assess whether there is a concomitant micrometer population in the nanoparticle
formulation, analyses were performed by laser diffraction (Mastersizer 2000, Malvern, UK) a
technique capable of measuring particles in a wide range of diameters (from 0.02 to 2000
microns). Analyses were carried out by adding a sample of the dispersion accessory
formulation containing about 100 ml of distilled water. The amount added was sufficient to
achieve an obscuration between 0.02 and 0.10. To prevent interference, the background signal
was measured before analysis.

D. Zeta potential
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[0053] The zeta potential of the nanocapsule suspensions was determined by electrophoresis
methodology employing the nano-Zetasizer® equipment model ZEN 3600 ZS (Malvern, USA).
The determination was carried out starting with 500x dilutions in a solution of 10 mM NaCl
(filtered through a 0.45 micron filter, Millipore Millex-HP) and the results obtained were the
average of three determinations.

E. Viscosity

[0054] The viscosity of the suspensions was measured using a vibrational viscometer (SV-10,
A & D Company, Japan). To achieve this, the viscosity was measured directly in the
suspensions for 30 seconds with data collection every 5 seconds at a temperature of 25 + 1.0
°C.

Results:

[0055] The table below (Table 3) presents the pH values, diameter, polydispersion index, zeta
potential and viscosity obtained for the finasteride nanocapsule formulation (NF25) not
according to the invention. The formulations (in triplicate batches) were macroscopically
homogeneous, with a milky appearance and, when diluted, had a bluish tint (Tyndall effect),
suggesting the presence of at least one nanoparticle population.

Table 3. pH, average diameter, polydispersion index, zeta potential and viscosity of the
finasteride nanocapsule formulations (NF25).

Parameters NF25
pH 4601
Average Diameter (nm) 222 +3
Polydispersion Index 0.14 £ 0.03
Zeta Potential (mV) -146+0.6
Viscosity (mPa.s) 1.21 £0.07
Finasteride Concentration (%) 0.25

[0056] The pH of the nanocapsule suspension containing finasteride (NF25) stayed at around
4.5. In addition, this pH range is suitable for topical administration according to the literature
(SZNITOWSKA et al., 2001).

[0057] The suspensions have a diameter of approximately 220 nm with a polydispersity of
0.14. To date, one of the few reports in literature of particulate systems for follicular topical
application containing finasteride refers to microparticulate formulations of liposomes and
lysosomes presenting particle size of 1.9 and 4.4 ym, respectively (TABBAKHIAN et al., 2006).
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Thus, formulations containing finasteride (NF25) have a reduced diameter (in nanometric
scale) and a narrow particle distribution as shown by the lower polydispersion index (<0.2).

[0058] The average zeta potential (for triplicate formulations) was approximately -14 mV.
These values are derived by coating the particles with the polysorbate 80 surfactant used in
the aqueous phase of the formulation, which prevents coalescence of the system through
steric hindrance.

EXAMPLE 1.4: Transmission electron microscopy

[0059] For a better evaluation of the morphological characteristics of the suspensions of
finasteride nanocapsules, an analysis by transmission electron microscopy was performed.

[0060] The analysis was performed with a transmission electron microscope (JEOL, JEM 1200
Exll, Electron Microscopy Center - UFRGS) operating at 80 kV. The diluted suspensions were
deposited on the carbon support film in grids, negatively stained with uranyl acetate solution
(2% w/v) and observed at a magnitude of 250,000 times (Figure 1).

EXAMPLE 1.5: Study of the stability of finasteride nanocapsules not according to the
invention

[0061] To determine the stability of the finasteride nanocapsules (NF25), the following were
evaluated:

A. Dosing of finasteride in the nanocapsules

[0062] The nanocapsule suspensions were treated with ultrasound in acetonitrile (for 30
minutes) causing dissolution of the formulation components. Dosage of finasteride was made
using high performance liquid chromatography (HPLC).

[0063] The analyses were performed on Perkin Elmer chromatograph Series 200, using 210
nm visible UV detector, LiChrospher 100 RP-18 (5 ym, 250 x 4 mm) column, pre-column of the
same material (5 ym) and isocratic mobile phase of acetonitrile:water (75:25), flow of 1 mL/min
and injection volume of 100 pL.

B. Verification of the presence of crystals

[0064] When the concentration of a drug exceeds its solubility in oil, used in the nanocapsules
nucleus, the simultaneous formation of nanocrystals may occur, which may have the same
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hydrodynamic radius of the formed nanocapsules, thereby generating a narrow size
distribution, which is no different in respect to the nanocapsules. Additionally, over time, these
crystals may suffer an increase in size by precipitation.

[0065] Thus, the monitoring of the formulation stability and the identification of the possible
simultaneous presence of nanocrystals were performed by quantification of finasteride in
suspensions using two techniques. Each batch was split into two samples: one was allowed to
settle and the other was left free until analysis, time which it underwent agitation. For analysis,
an aliquot sample was taken (at 0 and 30 days) of the supernatant of the resting sample and
an aliquot of the free sample (after vortexing for 15 seconds) so that it was possible to
differentiate the presence of precipitated crystals, by the reduction of drug content at the
resting sample, and a possible drug degradation, by the aliquot of the stirred sample
(measured by HPLC).

Results:

[0066] To check the stability of the nanocapsule formulation, three batches were evaluated at
day 0 and after 30 days of storage (40 °C and relative humidity of 75%) regarding the
diameter, polydispersity, zeta potential and determination of finasteride to characterize the
behavior of these systems. The results are shown in Table 4.

Table 4. Stability results of the finasteride nanocapsules formulation (NF25) not according to
the invention at 0 and 30 days (storage at 40 °C and relative humidity of 75%)

. Polydispersion | Zeta Potential Assay
Days Diameter (nm) Index (mV) (mg/mL)
0 222+3 0.14 £0.03 -149+3.0 2303
30 243+ 5 0.16 £0.03 -141+£1.3 26+0.2

[0067] During the 30 days of storage there were no significant changes in the values of
diameter, polydispersion index or zeta potential. As for the dosage, the drug concentration
shown on day 30 was equal to the initially used concentration. That is, the nanocapsules had a
finasteride concentration similar to that used in the preparation (0.25%) with no change in size
and no appearance of additional peaks in the degradation chromatogram of HPLC analysis.
Noting that, in this experiment, the determinations of finasteride concentrations as a function of
storage time, were performed in aliquots of suspensions subsequent to the agitation. Figure 2
shows the results of this verification.

[0068] For the sample that was stirred prior to dosing, it can be seen that there was no
decrease in the content of finasteride over the 30 days of storage, indicating that there was no
degradation under these storage conditions.

Example 1.6: In vivo study for determining the ability of hair recovery
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[0069] For the experiments, hybrid B6CBAF1 female mice were used from the vivarium of the
University of Vale do Itajai (UNIVALI). The B6CBAF1 strain of mice comes from the breeding
between the female of C57BL strain and the male of CBA strain. The hybrid B6CBAF1
presents a mutation that causes the animal to develop a pathological condition of androgenic
alopecia when it receives daily supplements of testosterone or dihydrotestosterone. The
androgenic alopecia occurs spontaneously, being perceived through the thinning of the dorsal
hair. The diffuse reduction of hair may be achieved routinely by administering 0.1 mL of a
suspension with a minimum concentration of 1% of testosterone or dihydrotestosterone
subcutaneously (MATIAS et al., 1989;. Sundberg et al, 1999). Thus, the animals of the strain
B6CBAF 1 were selected for the study employing this dosage to induce alopecia.

[0070] The animals were under standard conditions of temperature and relative humidity
throughout the experiment, with light and dark cycles of 12 hours each. All animals received a
subcutaneous injection of 1% testosterone dispersed in a mixture of polysorbate 80 in water
(100 mg/ml) at a dose of 1 mg/day.

[0071] In the first week, the animals received only subcutaneous injections of testosterone (1).
On the first day of the second week of the experiment, all animals had their hair removed from
their backs with Veet® depilatory cream, for the total removal of hair. After depilation, daily
injections of testosterone were maintained, and a daily topical application of the formulation
was added, depending on the treatment group (placebo, treatment, control). Groups were
treated with the following formulations: water (negative control), finasteride suspension in water
and polysorbate 80 (positive control 1), finasteride nanoemulsion (NEF25 - 2 positive control)
and finasteride nanocapsules (NF25).

[0072] For this test, the use of two positive controls was chosen. One composed of the drug in
a coarse dispersion (in water with 0.77% polysorbate 80), with agglomerates having an
average diameter (D [4.3]) of 3.2 microns and Span of 1.481 and the other composed of the
nanoemulsion formulation (NEF25) with diameter of the nanometric population of 276 nm and
Span 1.523 (with the presence of a small micrometer population with average diameter of 12.8
pm). The comparison with the nanoemulsion formulation was intended to verify if the
nanocapsules have their effect due to their constitution (polymeric shell) or if the action takes
place only by the nanoencapsulation (of part) of the drug. To monitor the growth of hair,
photographs were taken on days 1, 15, and 23.

Results:

[0073] As can be seen in Figure 3, treatment with finasteride nanocapsules (NF25) showed
accelerated hair growth, which covered almost the entire back of the animals after 23 days.
The remaining treatments recovered only small areas of the skin, and treatment with water
showed only the beginning of growth. The results also demonstrated the superiority of the
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formulation with finasteride nanocapsules (NF25), in opposition to the nanoemulsion
formulation (NEF25).

Example 1.7: Histopathological analysis

[0074] On the 24! day after the in vivo study for determining the ability of hair recovery, the
animals were sacrificed by cervical dislocation to perform the histopathological examination. A
small piece of skin was removed from the back of the animals (representing each group) and
subjected to histological analysis in order to visualize the growth stage of the hair of each

group.

[0075] To achieve this, slides were prepared and stained with hematoxylin eosin. Then,
analysis was proceeded (Zeiss light microscope - First Star coupled to Canon Power Shot
camera, PC1250) to determine in which growth phase the hair was found.

[0076] To quantify the data obtained by histology, it was proceeded the counting of mature
follicles (with pigmentation and inserted in the adipose tissue) of each of the histological slides
from each group. For such, 4 slides per group were analyzed, and the counting was based on
3 different foci of the same slide, totaling 12 analyzed fields per group. For comparison
between groups, statistical analysis by ANOVA (a = 0.05) was proceeded. Figure 4 shows the
results of the histopathological examination of the groups.

[0077] Histological analysis confirms the efficacy of the treatment with finasteride
nanocapsules (NF25). In Figure 4, in A (treatment with NF25), the presence of abundant
terminal follicles (mature/developed) due to the strong presence of melanin (represented by
the dark center of the follicle), as well as its developed based by the adipose tissue (deep
insertion into the skin), which represents a terminal follicle in development can be observed.
This interpretation has support in the scientific literature (Meidan et al, 2005;. VOGT et al.,
2006; OTBERG et al., 2007).

[0078] In turn, for NEF25 and C2+, decreased presence of follicles with little pigmentation (or
absent), located in greater amount near the dermis was observed, which characterizes an
involution of terminal follicles to vellus follicles (without pigmentation and developed in the
upper layers of the dermis). This interpretation has support in the scientific literature (Sinclair et
al. 2003; Meidan et al, 2005;. VOGT et al., 2006, OTBERG et al., 2007).

[0079] Additionally, based on the slides observation, the counting of mature follicles per field
was analyzed. Figure 5 shows the results based on the average number of follicles per field (n
= 12 fields) by evaluated group.

[0080] As can be seen in Figure 5, there were no significant differences between water, free
and finasteride nanoemulsion (NEF25) groups, which showed 11 + 15, 4 + 8 and 18 + 13 cells
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per field, respectively. In turn, the formulation of finasteride nanocapsules (NF25) showed 82 +
14 cells per field and was significantly higher (ANOVA, a 0.05) than the others. These results
demonstrate that the topical formulation of finasteride nanocapsules (NF25) accelerates hair
growth and development of follicles with a predisposition for androgenetic alopecia, whereas
the finasteride nanoemulsion formulation (NEF25) did not show satisfactory results.

EXAMPLE 2: Nanocapsules of the invention containing 0.05% of finasteride

Example 2.1: Preparation of finasteride nanocapsules according to f the invention

(NPXFO05)

[0081] The suspensions of finasteride nanocapsules were prepared from an organic phase
and an aqueous phase, using the composition described in Table 5.

Table 5. Composition of the nanocapsules suspensions of poly (g-caprolactone) containing
0.05% of finasteride, prepared in accordance with of the invention [NPXF05]

Organic Phase Quantity
Caprylic and capric acids
Triglycerides 1.00 mL
Unistab® S-69 2.30 mL
Sorbitan monostearate 770 mg
Poly(e-caprolactone) 1000 mg
Acetone 250 ml
Finasteride 50 mg
Aqueous Phase Quantity
Polisorbate 80 770 mg
Distilled Water 500 mL

[0082] The polymer (poly (¢-caprolactone)) was solubilized in the organic phase along with the
finasteride, the medium chain triglycerides, the Unistab® S-69 and the low HLB surfactant
(sorbitan monostearate) under moderate heating between 20 °C and 40 °C, preferably at 40
°C, employing acetone as solvent. The neutral surfactant (polysorbate 80) was dissolved in
water to form the aqueous phase. After dissolution of all components of the organic and
aqueous phases, the organic phase was injected, using a funnel over the aqueous phase.

[0083] After the formation of the primary emulsion of nanocapsules of the invention, the
emulsion was maintained under moderate agitation for 10 minutes and then concentrated to a
final volume of 100 ml in a rotary evaporator under reduced pressure in a thermostatic bath in
the evaporation flask between 10 °C and 80 °C, preferably between 30 °C and 45 °C to
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eliminate the solvent and the excess water in order to adjust the final concentration of
finasteride. This formulation was called NPXF05.

Example 2.2: Physicochemical characterization of finasteride nanocapsules 0.05%
according to the invention (NPXF05)

A. Determination of pH

[0084] The determination of pH was performed by a potentiometer calibrated with buffer
solutions of pH of 4.0 and 7.0, directly in the suspensions.

B. Determination of the particle diameter and polydispersion index by multiple light
scattering

[0085] To determine the diameter and polydispersity of nanoparticle suspension by dynamic
light scattering the nano-Zetasizer® equipment model ZEN 3600 ZS, Malvern, USA was used.
For this purpose, the samples were diluted in milliQ® water (filtered through a 0.45 micron
filter, Millipore Millex-HP) 500 times at room temperature and the results determined by the
average of three replications.

C. Determination of particle size distribution by laser diffractometry

[0086] To assess whether there is a concomitant micrometer population in the nanoparticle
formulation, analyses were performed by laser diffraction (Mastersizer 2000, Malvern, UK)
which is a technique capable of measuring particles in a wide range of diameters (from 0.02 to
2000 microns). Analyses were carried out by adding a sample of the accessory dispersion
formulation containing about 100 ml of distilled water. The amount added was enough to
achieve an obscuration between 0.02 and 0.10. To prevent interference, the background signal
was measured before analysis.

D. Zeta potential

[0087] The zeta potential of the nanocapsule suspensions was determined by electrophoresis
methodology employing the nano-Zetasizer® equipment model ZEN 3600 ZS (Malvern, USA).
The determination was carried out starting at 500 times dilution in 10 mM NaCl solution
(filtered through a 0.45 micron filter, Millipore Millex-HP) and the results obtained were the
average of three determinations.
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E. Viscosity

[0088] The viscosity of the suspensions was measured using a vibrational viscometer (SV-10,
A & D Company, Japan). For this, the viscosity was measured directly in the suspensions for
30 seconds with data collection every 5 seconds at a temperature of 25 + 1.0 °C.

Results:

[0089] The formulation of nanocapsules prepared according to the invention proved
macroscopically homogeneous, with the typical odor of Unistab® S-69. The table below (Table
6) shows the pH values, diameter, polydispersion index, zeta potential and viscosity of the
finasteride nanocapsules formulation (NPXF05) of the invention. For comparison purposes the
results of formulation NPXF05 are shown along with the ones of formulation NF25.

Table 6. Comparison of results of physicochemical characterization of formulations according
and not according to the invention.

Parameters NPXF05 NF25
pH 6.3+0.1 46+0.1
Average Diameter (nm) 1899 222 £3
Polydispersion Index 0.10£0.05 0.14 £ 0.03
(Zg{?) Potential Zeta Potencial 293407 146 +0.6
Viscosity (mPa.s) 1.03 £0.02 1.21 £0.07
Finasteride Concentration (%) 0.05 0.25

[0090] From the physicochemical analysis it can be seen that, although modified, the
formulations showed similar characteristics. However, the laser diffraction diameter analysis
showed that the formulations prepared with a mixture of Unistab® S-69 and caprylic and capric
acids triglycerides (NPXF05), containing 0.05% finasteride, showed only nanosized populations
(Figure 6). Example 2.3: A study of the stability of finasteride nanocapsules of the invention To
determine the stability of the finasteride nanocapsules (NPXF05), the following were evaluated:

A. Dosing of finasteride in the nanocapsules

[0091] The suspensions of nanocapsules were treated with acetonitrile in ultrasound (for 30
minutes) causing the dissolution of the formulation components. The dosage of finasteride was
performed by high performance liquid chromatography(HPLC).
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[0092] The analyses were performed on the Perkin EImer chromatograph Series 200, using a
210 nm visible UV detector, LiChrospher 100 RP-18 (5um, 250 x 4 mm), a pre-column of the
same material (5 microns) and an isocratic mobile phase of acetonitrile: water (75:25), flow of
1 ml/min and injection volume of 100 pL.

B. Verification of the presence of crystals

[0093] To verify the presence of drug dispersed in the external phase, quantification of
finasteride was performed by HPLC from a freshly prepared formulation. The formulation was
divided into two samples, the former was allowed to be still, and the second was stirred before
the assay was carried out 30 days after their preparation. From the sample maintained still,
only a supernatant aliquot was collected (preventing any movement). From the other sample,
an aliquot (corresponding to 20% of the supernatant) was collected after vortexing for 15
seconds.

Results:

[0094] In addition, evaluation of the sedimentation of crystals was performed (by HPLC assay
of the supernatant) of triplicate NPXF05 formulations kept still for a period of 30 days. The
results were compared with the ones of NF25 formulation and are shown in Figure 7.

[0095] As noted, the addition of Unistab® S-69 to the caprylic and capric acids triglycerides
allowed a greater encapsulation of finasteride without losing the nanotechnology
characteristics of the system. As noted, there was no significant decay in the active ingredient
concentration on the NPXF05 formulation, which was only 4.1 + 0.4% compared to the original.

Example 2.4: In vivo assay for determining the ability of hair recovery

[0096] For the experiments, hybrid B6CBAF1 female mice were used from the vivarium of the
University of Vale do Itajai (UNIVALI). The animals were in conventional conditions of
temperature and relative humidity during the experiment, with light and dark cycles of 12 hours
each. All animals received a subcutaneous injection of 1% testosterone dispersed in a mixture
of polysorbate 80 in water (100 mg.mL-1), at a dose of 1 mg/ day. There were five injections
per week for 4 weeks.

[0097] Once more, the accelerated hair growth test was carried out, and this time the
nanocapsule formulation of finasteride (NPXF05) was tested. In the first week the animals
received only testosterone injections. On the first day of the second week of the experiment, all
animals had their back hair removed with Veet® depilatory cream, for the total removal of hair.
After removal of hair, daily injections of testosterone were maintained, and a daily topical
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application of the formulation was added to the treatment, depending on the treatment group
(placebo, treatment, control). The test groups were the nanocapsule formulations with
finasteride at 0.05% (NPXFQ05) prepared in accordance with the invention, which were
compared with the results of the finasteride nanocapsule formulation containing 0.25% (NF25)
not according to the invention. To monitor hair growth, photographs were taken on days 0, 15,
and 23.

[0098] Results: As can be seen in Figure 8, the nanocapsule formulation with finasteride at
0.05% (NPXF05) prepared with a combination of Unistab® S-69 and caprylic and capric acids
triglycerides showed a greater growth than the nanocapsule formulations of finasteride at

0.25% (NF25). By analyzing the photographs of the 15! day, it is observed that the animals
treated with the nanocapsule formulation of finasteride at 0.05% (NPXF05) have a bigger
growth.

Example 2.5: Histopathological analysis

[0099] On the 24th day, after the in vivo assay for determining the ability of hair recovery, the
animals were sacrificed by cervical dislocation, in order to perform the histopathological
examination. A small piece of skin was removed from the backs of the animals (representing
each group) and subjected to histological analysis in order to visualize the growth stage of the
hair of each group.

[0100] To achieve this, slides were prepared and stained with hematoxylin eosin. Then
analysis (Zeiss light microscope - First Star coupled to a Canon Power Shot camera, PC1250)
was made in order to determine the growth phase in which the hair was.

[0101] To quantify data obtained by histology, counting of mature follicles (with pigmentation
and inserted in the adipose tissue) of each of the histological slides of each group was made.
Thus, we analyzed 4 slides per group, and the count was based on 3 different foci of the same
slide, totaling 12 fields analyzed per group. For a comparison between the groups, statistical
analysis by ANOVA (a = 0.05) was made.

[0102] Figure 9 shows the results of histopathological examination of the groups. As can be
seen in Figure 9, the nanocapsule formulation prepared with the combination of Unistab® S-69
and

caprylic and capric acids triglycerides (NPXF05) had a higher growth than the nanocapsule

formulations of finasteride (NF25). By analyzing the photographs of the 15" day, it was
observed that the animals treated with the NPXFO05 formulation showed a higher growth than
the others.

[0103] Figure 10 shows the average number of mature follicles per analyzed histological field.
These analyses revealed that the NPXF05 formulation showed an accelerated growth and
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seemingly higher growth than the NF25 formulation, despite having a fewer number of mature
follicles by analyzed histological field.

EXAMPLE 3: Pharmaceutical compositions comprising finasteride Nanocapsules

Example 3.A - Formulation in form of a topical solution

[0104] Finasteride nanocapsules are prepared as described in examples 1.1 and 2.1. Topical
solutions are prepared resulting in the formulations of Table 7.

Table 7: Formulations in form of a topical solution containing the suspension of nanocapsules
containing 0.25% of finasteride (NF25 - Z not according to the invention), and containing
0.05% of finasteride (NPXFQS5 - according to the invention)

Components NF25 Percentage (%, p/v) NPXF05 P;;S)e ntage (%,

Caprylic and capric acids

Triglycerides 3.12 0.95

Unistab® S-69 2.00

Sorbitan Monostearate 0.77 0.77
Poly(e-caprolactone) 1.00 1.00
Finasteride 0.25 0.05
Polisorbate 80 0.77 0.77

Distilled Water gsp 100 gsp 100

Example 3.B - Topical gel Formulations

[0105] Finasteride nanocapsules are prepared as described in examples 1.1 and 2.1.

[0106] The suspensions of nanocapsules prepared as described in Example 3.A, were
thickened with 0.2% Carbopol® 940. Triethanolamine gs was added to obtain a suitable
viscosity for topical application. The resulting gel has the formulation shown in Table 8.

Table 8: Formulations in the form of a topical gel containing the nanocapsule suspensions with
0.25% of finasteride (NF25 - not according to the invention), and 0.05% of finasteride (NPXF05
- according to the invention)

Components NF25 Percentage (%) { NPXFO05 Percentage (%)
Caprylic and capric acids
Triglycerides 3.12 0.95
Unistab® S-69 2.00
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Components NF25 Percentage (%) { NPXF05 Percentage (%)
Sorbitan Monostearate 0.77 0.77
Poly(e-caprolactone) 1.00 1.00
Finasteride 0.25 0.05
Polisorbate 80 0.77 0.77
Carbopol 940 0.20 0.20
Distilled Water gsp 100 gsp 100
Triethanolamine gs as

EXAMPLE 3.C: Formulation in form of a topical lotion

[0107] Initially, phase 1 is prepared as described in Example 3.A, using the composition from
phase 1 of Table 9. Separately, the components from phase 2 were melted in a water bath at
50 °C and removed from heating after fusion. Phase 3 was added to phase 1 and dispersed
under constant magnetic stirring. This mixture of phases 1 and 3 was added to the molten
phase 2 and cooled to 40 °C under moderate mechanical agitation to avoid air incorporation.
Table 9: Formulation in form of a topical lotion containing nanocapsule suspensions with
0.25% of finasteride and 0.1% of finasteride.

NPXFO05 Percentage

Phase 1 Components NF25 Percentage (%)

(%)
%ﬁgl;yclzgrizgg capric acids 312 0.95
Unistab® S-69 2.00
Sorbitan Monostearate 0.77 0.77
Poly(e-caprolactone) 1.00 1.00
Finasteride 0.25 0.10
Polisorbate 80 0.77 0.77
Distilled Water gsp 100 gsp 100

Phase 2 Components

Percentage (%)

Percentage (%)

Coconut Ol 2.0 2.0
Propylparaben 0.2 0.2
Methylparaben 0.1 0.1

Phase 3 Components

Percentage (%)

Percentage (%)

Salcare SC91 (INCI:
Polyacrylamide and C13-14
Isoparaffin and Laureth-7)

2.0

2.0
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[0108] All publications and patent applications mentioned in this specification are indicative of
the level of those skilled in the art to which the invention relates.
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Patentkrav
1. Polymer nanopartikel 1 form af en nanokapsel, der omfatter den aktive bestanddel finasterid,
hvor nanopartilen dannes ved fremstilling af en organisk fase og en vandig fase, hvor:
(1) den organiske fase omfatter:
(a) en hydrofob polymer, der er en poly(e-caprolacton) med et smeltepunkt, der er
lavere end 120 °C;
(b) en blanding af olier bestdende af triglycerider af capryl- og caprinsyrer, og
blandingen af linalool og farnesol;
(c) et lipofilt overfladeaktivt middel med et lavt HLLB-tal, der er sorbitanmonostearat;
(d) et organisk oplgsningsmiddel, der er acetone; og
(e) finasterid; og
(11) den vandige fase omfatter:
(f) et hydrofilt overfladeaktivt middel, der er polysorbat 80; og
(g) vand.

2. Polymer nanopartikel ifglge krav 1, hvor
(1) den organiske fase omfatter:
(a) fra 0,05 % til 20,0 % (vagt/vaegt) poly(e-caprolacton) med et smeltepunkt, der er
lavere end 120 °C;
(b) fra 0,05 % til 20,0 % (vaegt/vagt) af blandingen af olier, der bestar af triglycerider
af capryl- og caprinsyrer, og blandingen af linalool og farnesol;
(c) fra 0,05 % ti1 20,0 % (vaegt/vaegt) af det lipofile overfladeaktive middel med et lavt
HLB-tal, der er sorbitanmonostearat;
(d) fra 10 % t1l 80 % (vaegt/vagt) acetone; og
(e) fra 0,005 % til 50,00 % (vegt/vaegt) finasterid; og
(11) den vandige fase omfatter:
(f) 0,05 % til 20,0 % (vegt/vaegt) polysorbat 80 og
(g) fra 10 % 11 90 % (vaegt/vagt) vand.

3. Farmaceutisk sammensa&tning til topisk behandling af alopeci, der omfatter:
(A) 0,01 tul 1,0 % (vegt/vagt) finasterid 1 form af de polymere nanopartikler ifglge
krav 1 eller 2; og

(B) en farmaceutisk acceptabel barer;
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hvor mangden af de polymere nanopartiklers bestanddele er 1 procentdel af den endelige

formulering og nanopartiklerne er stabilt dispergeret 1 den farmaceutisk acceptable berer.

4. Fremgangsmade til fremstilling af polymere nanopartikler ifglge krav 1 eller 2, hvor
5 fremgangsmaden omfatter fglgende trin:
(1) fremstilling af en organisk fase ved oplgsning af poly(e-caprolacton) med et
smeltepunkt, der er lavere end 120 °C, og finasterid, en blanding af olier bestaende af
triglycerider af capryl- og caprinsyrer, linalool og farnesol, og et overfladeaktivt middel
med et lavt HLLB-tal, der er sorbitanmonostearat, 1 acetone;
10 (1) fremstilling af en vandig fase ved blanding af polysorbat 80, 1 vand;

(111) injektion af den organiske fase 1 den vandige fase for at muligggre dannelse af den
primare emulsion af nanopartikler pa overfladen af de to faser, hvor blandingen holdes
under omrgring 1 et tidsrum, der er tilstrakkeligt til passende indkapsling af finasterid;
(1v) fjernelse af det organiske oplgsningsmiddel for at muligggre genvinding af den

15 vandige fase, der indeholder nanokapslerne.

S. Polymer nanopartikel 1 form af nanokapsler ifglge krav 1 eller 2 til anvendelse 1 behandling

af alopeci.

20
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FIGURE 3
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FIGURE 8
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FIGURE S
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