WO 2006/122883 PCT/EP2006/062088 1 USE OF ADAMANTYL
METHOXYDIPHENYL PROPENOIC ACID FOR THE TREATMENT OF
ACNE FIELD OF THE INVENTION The invention described here relates
ol 9396 gﬁ}f a substance belonging 5 to the class of atypigal tetinaids. far,
the topical treatment of acne. BACKGROUND OF THE INVENTION Acne
is a multifunctional disorder which commonly occurs during adolescence
and which sometimes heals spontaneously but more often takes a long
time and requires specific topical or systemic treatments with chemical 10
USSuPBtahEis St MasbermoyiEperoRide EFStif oddsSh R0 IBHIC SRR MENT OF ACNE
anti-androgens. Unfortunately some of these products can produce
side-effects such as reddening, dryness of the skin and allergic reactions.
Furthermore, one of the fundamental problems in treating acne and other
FEKIMdigeTsEs [I\EpsgnE the epidermal layer, which represents the
natural physiological barrier to the ingress 15 of the drugs. Indeed to
obtaimies| reaimpibardescetagl dadreffetiide pictlappdi editpsuistaned bglonging
administering the active principle formulated in ointments, creams or gels,
5  lateddesyafilgscaoeitinnida jondsptedicrl veamerdladdging.is used in
certain cosmetic or pharmaceutlcal preparations as the principal
AV, ! L fier 19 20 function, apart from being
structural can be functional in terms of ca Wﬁ %% the active principle into
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long time and requires specific topical or systemic freatments with chemical

10  substances such as benzoyl peroxide, retinoids, antibiotics and anti-androgens.
Unfortunately some of these products can produce side-effects such as
reddening, dryness of the skin and allergic reactions. Furthermore, one of the
fundamental problems in treating acne and other skin diseases is crossing the
epidermal layer, which represents the natural physiological barrier to the ingress

15  of the drugs. Indeed to obfain a local pharmacological effect, fopical application
is used by administering the active principle formulated in ointments, creams or
gels, used as vehicles.

Lecithin, a phospholipid of natural origin, is used in certain cosmetic or
pharmaceutical preparations as the principal component or as an emulsifier. lis

20 functlion, apart from being structural, can be functional in terms of carrying the
active principle into the skin. Indeed the chemical similarity between lecithin
(phosphatidyl choline) and the lipid components of the cell membranes

suggests that vehicles based on lecithin can be well tolerated by the body and
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WO 2006/122883 PCT/EP2006/062088 2 at the same time increase the
pharmacological action (Scartazzini and Luisi, 1988 J. Physiol. Chem. 91,
823-833). The term "acne" (from the Greek akni: efflorescence) describes

whselollicylar lesions which appear during adolescence an@(‘f‘ﬁ%‘?o@%szuss

linked with 5 seborrhoea and the formation of comedones. Itis an
extremely common disease which, tp a variable degree, affects
approximately 90% of adolescents, “but only 10% of these require medical
intervention and only 1% of the latter pose clinical problems which are
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apparatus which 10 presents in various ways, as co edones, pustules,

1988lyleshwstsandrsearsg2ihergare many clinical varieties regarding
appearance, course, age on onset and location. The most common form

is juvendetaene sdneh FRReaScAlGrdBRITY AN LIRS@INESHEe!idescribes the
spontaneously around the age of 25, even though it can appear later,

falcuinatebikagy eglsicitapBlayedusal agelgécanivy atdlwhRFOate libkew edth
Dermatol. 73, 395-401). Onset is generally during the age of development

selighrtgsisaksiinthie sionmsatom ed orrrsegapetesiinisd gle sextrgroghis camaion
comedones are follicles swollen with sebum, common%called
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the follicular orifice opens; they are distributed 20 with greater frequ c
ouk QR ReerBsEgRR Eﬁ?ﬁ‘%ﬂﬁ%‘?ﬁ?éﬁ@éﬁe%ﬁ RN He ‘Ha

flna an ?heo n, Th% gh% ﬁs ein Iammatory complication of the
PR 2GS aA %b% SraLTe ralseg argas of various

Acne is a chronic inflammation of the pilosebaceous apparatus which
presents in various ways, as comedones, pustules, nodules, cysts and scars.
There are many clinical varieties regarding appearance, course, age on onset
and location. The most common form is juvenile acne which appears at puberty
and resolves itself spontanecusly around the age of 25, even though it can
appear later, recur and regress after 30 years of age (Kraning ef al. 1979 J.
Invest. Dermatol. 73, 395-401).

Onset is generally during the age of development with typical skin
lesions: comedones, papules, nodules and cysis. The comedones are follicles
swollen with sebum, commonly called “whiteheads”, when the follicular orifice is
closed and “blackheads” when the follicular orifice opens; they are distributed
with greater frequency around the nose and on it, on the forehead, around and
in the ears and finally on the c¢hin. The papules are the inflammatory
complication of the comedo and appear as reddened raised areas of various

sizes. They last a few days and disappear without trace. Pustules are yellowish-
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sizes. They last a few days and disappear without trace. Pustules are
yellowish WO 2006/122883 PCT/EP2006/062088 3 coloured lesions,
hemispherical in shape and pus-filled, which surmount the papules. They

Wasidaigdhree days and voided to the outside with scab formation. 0.
Nodules are large solid formations, often painful to pressure, produced by

an inflammatory infiltrate. Cysts are éarge raised areas filled with 5 pus,
very painful to the touch, which remain unchanged for weeks and unlike
the other acne lesions can easily turn into scars, these being the
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disfiguring. The main pathogenic factors involved In the etiopathogenesis
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bacterial 10 colonisation of the follicles; 4) the onset of an inflammatory
farnstss. Sldyokis with dage seckatefdnoERisRHUDBEIRNIRAAOEOISradiire,
this factor seemed to be correlated with the severity of the acne. The
pdekeiop me rraindasecattoyirdittraiy. @b sebdarmussifaddsdéasdiibdheth
by the androgenous hormones, produced by the testicle, by the ovary and
PE§: theradraifBll ghaifers lassTewivste remeainfureiangdek fproliraisiandetiikg
of the sebaceous gland, which has receptors with a high affinity for these
g0 AHGH RCHR JS9I80 S 58" rRAI AWtk I5ia-RealfbtARRs e H5iNgetr RemmanRy
testosterone into its bio(l;%%ical active fraction, dihydrotestosterone. The
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aRaHp R IERRSeI RSN D\ NRilicular hyperkeratosis; 3) bacterial
colonisation of the follicles; 4) the onset of an inflammatory process.
Subjects with acne secrete more sebum than the controls and this factor
seemed o be correlated with the severity of the acne. The development and
secretory activity of the sebaceous glands is controlled by the androgenous
hormones, produced by the testide, by the ovary and by the adrenal glands.

Testosterone influences the proliferative activity of the sebaceous gland,
which has receptors with a high affinity for these hormones and also has the
enzyme S-a-reductase, capable of converting testosterone into its biological
active fraction, dihydrotestosterone. The hormonal factors are involved in the
cyclical flare-ups of acne during the premenstrual phase in women.

Follicular hyperkeratosis is a fundamental event for the development of
the acne lesions and is due in part fo the increased proliferation of the
epidermis and partly to the delayed detachment of the cormeocytes. The result

is a thickening of the follicular wall obstructing the exit of the sebum, which then
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epidermis and partly to the delayed detachment of the corneocytes. The
result is a thickening of the follicular wall obstructing the exit of the
sebum, which then WO 2006/122883 PCT/EP2006/062088 4 stagnates
whd ferms comedones. Under these conditions Propioniba%lgi/ﬂpgmﬁ%g%%s
an anaerobic bacterium, tends to develop and to proliferate (Strauss at at,
1974 J. Invest. Dermatol. 62, 321-3%5; Harris at at, 1983 J. Am. Acad.
Dermatol. 8, 200-203), producing free fatty acids with irritant and
comedogenic 5 capability stimulating the immune response. Finally,
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reconstruction and antibacterial action respectively. 10 The therapeutic

airatemies. dapestd parthaiee e it pf Hsdispider eV digtes forAapiodad.

use are preferred for medium or moderate forms of acne. The most

Depmamin &r2a020ie proswcingsteeoiatbgaziid paroxaanvdnehodiesictidnic
the spots and blocks infection. There are three kinds of topical treatment
ctpehiite sivailidtiect dtmymTivoser et barech dSeslipnithtiormatiore chdnésostiof

action; retinoids, comedolytic agents, which slow down the process of

PassRfif FlabisiPRicaitier Vi gUbBIBNG TR frRrsr B Glenradasesumduct to the

microcomedones; antibiotics, with bactericidal activity which act by
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The therapeutic strategies depend on the severity of the disorder.
Medicines for topical use are preferred for medium or moderate forms of acne.
The most common creams are those based on benzoyl peroxide, which dries
out the spots and blocks infection.

There are three kinds of topical treatment for acne available today. These
are based on different mechanisms of action; retinoids, comedolytic agents,
which slow down the process of desquamation in order to reduce the number of
comedones and microcomedones; antibiotics, with bactericidal activity which
act by directly killing the forms of P. acnes, also having a slight indirect effect on
comedogenesis; combined therapy, using both retinoids and topical antibiotics,
for patients who suffer from severe forms of acne, with comedonic and
inflammatory lesions at the same time.

For not particularly serious acne phenomena Retin-A, also known as

tretinoin, is an anticomedonic agent which is applied directly to the skin. Iis
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inflammatory lesions at the same time. For not particularly serious acne
phenomena Retin-A, also known as tretinoin, is an anticomedonic agent
which is applied directly to the skin. Its WO 2006/122883
C 6/062088 5 action, in the form of a lotion or cream
\{%ﬁgég%%%e. it restores the normal process of keratin for%gﬁzgﬁ(’%%m”
prevents the formation of comedones (blackheads). Research in the
dermatological field for new therape%tic solutions is 5 constantly evolving.
The latest generation of therapeutic solutions now available are the
fallowing: 1. Tazarotene, a synthetic product which interacts specificall
S RS A S R A
pléRaHTCBt AoRRARIAA: AREIAFARRLAHRI el Trallys rashls
in European studies and I1s characterised by a broad spectrum of dua
(EARth antimicrobial and keratinising; it is in fact also used in cases
of cutaneous hyperpigmentation (Graupe at al., 1996, Cutis 57, 20-35);
and Resdaptiene teedaenativeceidan ok acdwitharbaoitaaaiidhs is
This is a 15 modulator of cell differentiation with a keratinising effect,
covisicinty efieletneg Hrallidss! grtatmtioiah treimp@uticidoltiticns ade ek iincier
the name Differin(r) and is used for the topical treatment of acne vulgaris,
argHbecfalismingdnes, papules and pustules predominate. The international

patent application W003/011808 describes a new class
1. Tazarotene, a synthetic product which interacts specifically with the

recepiors of vitamin A. As well as on acne, it is effective in the treatment of
psoriasis;

2. Azelaic acid has produced alternative results in European studies and is
characterised by a broad spectrum of dual action, both antimicrobial and
keratinising; it is in fact alsc used in cases of cutaneous hyperpigmentation
(Graupe et al., 1896, Cutis 57, 20-35); and

3. Adapalene, a derivative of naphthoic acid with retinoidal activity. This is a
medulator of cell differentiation with a keratinising effect, which is effective
and less imitating than retinoic acid. It is marketed under the name Differin®
and is used for the topical treatment of acne vulgaris, where comedones,
papules and pustules predominate.,

The international patent application WO03/011808 describes a new class
of compounds defined as atypical retinoid acids which are described as having
anti-tumoral use. The compounds described in this application include

adamantyl methoxydiphenyl propenoic acid (ST1898).
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20 of compounds defined as atypical retinoid acids which are described as
having anti-tumoral use. The compounds described in this application
include adamantyl methoxydiphenyl propenoic acid (ST1898). WO
2006/122883 PCT/EP2006/062088 6 DESCRIPTION OF THE
TRVERIPESN The main object of the present invention relaté$ TG 16162088
discovery that 5 adamantyl methoxydiphenyl propenoic acid has
anti-acne activity in the animal mod@l used as a reference for this
disease. This comedolytic activity could not be foreseen due to the
absence of definite structural references on substances belonging to the
same chemical class (adamantyl diphenylic derivatives of propenoic
acid). 10 The main object of the present invention is therefore the use of
adamantyl methoxydlphenyl propenoic acid for the preparation of a

,.,_-_ @ SRR wﬂ@ﬁound for topical use for the treatment of
" T IS"compound is as follows: 0 15 H OH H H3C"\O

(" Th?t@%ﬁﬁbﬁ}&h%'%f B ERMRAGMIIIS AEsIdORA Metfscovery that
international 20 patent application WO03/011808 (see in particular

aBAAIRNA AhARAMIAPhIasbRbHRecRIERERA S WeNtRAdSaRIBANR in the animal

pharmaceutical or cosmetic composition for topical treatment of acne
naaighised)asdanedertthce for this disease.

This comedolytic activity could not be foreseen due to the absence of
definite structural references on substances belonging to the same chemical
class (adamantyl diphenylic derivatives of propenoic acid).

The main object of the present invention is therefore the use of
adamantyl methoxydiphenyl propencic acid for the preparation of a
pharmaceutical or cosmetic compound for {fopical use for the treatment of acne.

The formula of this compeund is as follows:

The chemical synthesis of this compound is described in the international
patent application WO03/011808 (see in particular example 20).
Another object of the present invention is also a pharmaceutical or

cosmetic composition for topical treatment of acne containing adamantyl
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WO 2006/122883 PCTIEP2006/062088 7 methoxydiphenyl propenoic
acid, as the active ingredient, together with other excipients and/or
pharmaceutically acceptable vehicles. The term "pharmaceutically
\%gc%{i)(t/ablg';means approved by the pharmacopoeia (Euro ean ng{t;g}ngggg
hied gfa%es) for animal use and more 5 particularly human u[%g

Examples of these excipients are: glucose, lactose, sucrose, gelatin,
amide, stearates, monostearates, pé(lmitates, glycerol, water, ethanol,
lipids, phospholipids, buffered agents such as sodium dehydrogenate

sphate, or ammonium salts, mjxtures.of these, etc. 10 Other .
B S, HERIT Semor L SR STt Fle RGUER it otner

ceytical i " . | sition of the present

exORILRACEHERD gﬁ%ﬁ%ﬁ%@%ﬁ%@é%@ TSR

Invention can be formu cream, ointment, gel, foam,

spram@uteennor‘%maﬂﬁésweM@B@%@h%sewosﬁge&%thsy the
present invention is preferably in"gel form. 15 More preferably the
phemReRiesifl thedyesenBeNbpintadesiRs el HRRAE M@mple
Epikuron 200TM, which is a purified soya lecithin, i.e. a waxy
pahtaspnatidyireholise. purified from soya seeds by column chromatography
for use in the pharmaceutical industry (purity greater than 92%). The
quantityeniriesivel phesiplexnipkmnis iardie glonnsesilimriosietheysresentgd@etin,
invention can easily be calculated on the basis of the examples reported
amifife PRasaiespdNeNCcaRAaaDnPalniitesbshqeerl waleal alhanohhépids,

composition of the present invention pref_erabgl contains 0.1 mg of active
paﬁﬁgm[éoﬁi@, Pﬂﬁ%'ﬁ’ agents such as sodium dehydrogenate phosphate, or

ammonium salts, mixtures of these, etc.

Other examples of excipients or vehicles are described in "Remington’s
Pharmaceutical Sciences” by E. Martin.

The composition of the present invention can be formulated in the form of
cream, ointment, gel, foam, spray solution or sustained-release paiches. The
composition of the present invention is preferably in gel form.

More preferably the composition of the present invention is a lecithin gel,
such as for example Epikuron 200™, which is a purified soya lecithin, i.e. a
waxy phosphatidyl choline purified from soya seeds by column chromatography
for use in the pharmaceutical industry (purity greater than 92%).

The quantity of active principle present in the composition of the present
invention can easily be calculated on the basis of the examples reported in the
present patent application and of subsequent clinical irials. The composition of
the present invention preferably contains 0.1 mg of active principle per 100 mg

of lecithin gel.
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of lecithin gel. WO 2006/122883 PCT/EP2006/062088 8 The invention is
illustrated by the following examples which are not limitative of the scope
of the invention. DESCRIPTION OF THE DRAWING Figure 1 shows the
ical treatment with ST1898 (Formulation1) 5 on the skin of
"ﬁg%@%ﬁ%@%hls treatment had a very marked effect on the%’?gé%czt?gﬂolﬁr%ﬂss
the number, dimensions and horny content of the
utriculi/pseudocomedones, as well & on the morphology of the

sebaceous glands, which became more atrophic (arrows in figure). The

hyperplasia of the epidermis (B).compared with the untreated mice was
i N R o

imesiesieda Q&{Egtgpﬁﬂéqrﬁp%ﬁgg@ic phase of the hair follicle, which

involved the complete loss of the hair by the sixth week of life and the

playelopmeiN eftha-porsaigdingiculi/pseudocomedones (C in Fig. 1),

which represented models of open comedones histologically similar to the
"reterriginal"1asmeve sensHddie Bl Al HsathiaatWige SRBBISOFormulationt)
characterised by atrophy of the sebaceous glands (arrows in Fig. 1) and
chyttiee giesehchimd ayits. i hie tleaineottibadBthede masgdsidask om Rig:
1 only partly visible as the images only show the most superficial portion
reduntoskini EXbRVIPLLRED 20 BlarapionsPraépdratinmand Cineattedbatiba
of the Organogels The following were used for the subsequent
utewipPaauHecer@dPnapygs well as on the morphology of the sebaceous

glands, which became more atrophic (arrows in figure). The hyperplasia of the

epidermis (B) compared with the unireated mice was also particularly clear (A).
Moreover the skin of the freated rhino mice manifested a defect in the catagenic
phase of the hair follicle, which involved the complete loss of the hair by the
sixth week of Ilfe and the development of the so-called
utriculi/pseudocomedones (C in Fig. 1), which represented models of open
comedones histologically similar to the “retentional” acne lesions. The skin of
rhinoc mice was also characterised by atrophy of the sebaceous glands (arrows
in Fig. 1) and by the presence of cysts in the deep portion of the dermis
(asterisk in Fig. 1 only partly visible as the images only show the most
superficial portion of the skin).

EXAMPLES

Example 1. Preparation and Characlerisation of the Qrgancgels

The foliowing were used for the subsequent preparations lecithin, soya
seed extract (Epikuron 200 ™), isopropy! palmitate, ascorbic acid, ammonium

molybdate, iodine crystals, tetramethylammonium phosphate, decolourising



10

15

20

seed extract (Epikuron 200 TM), isopropy! palmitate, ascorbic acid,
ammonium molybdate, iodine crystals, tetramethylammonium phosphate,
decolourising WO 2006/122883 PCT/EP2006/062088 9 carbon and
sodium dehydrogen phosphate. In addition, chloroform, methylene
‘”Xﬂ%“r‘?&é?zr?%‘gthanol, ethanol, dimethylsulphoxide (DMSO) aﬁ&@ﬁ*’é‘&{ﬁ@ﬁ%ﬂ’ég
solution of ammonia (30%). The reference lipid POPC
(1-paimitoyl-2-oleoyl-sn-glycero-3-pfosphatidyl 5 choline) was acquired
from Avanti Polar Lipids (Canada) and used without further purification.

T B R DA
' d 10 The lecithin solution . d by dissolvi
U BT Bt B R R ot

s@ﬁ!iéﬁi%‘f@ﬁrﬂ&ﬂﬁ%éa?urs depending on the percentage weight of

lecithin. Every solvent.lécithin system produced a gel following the

additipRetieforsnall GuRnNBOEY Mataimesheally rﬁ@l @5hosphatidy

indicating the molar ratio between the water and the lecithin, according
ctokerlaiies Hoquitet? Gloly Quitesitima)&roL ibiibe/0ahuns farmeassuheniHet

water was completely dispersed in the organic phase, a phenomenon
fyérarrplisfidependent on the concentration of lecithin, on the magnetic

agitation and of the nature of the solvent used. Under

The active principle adamantyl methoxydipheny! propencic acid

(8T1898) was synthesised and purified by Sigma-Tau (Pomezia, Rome).

{>el preparation method

The lecithin solution was prepared by dissolving lecithin in isopropyl
palmitate (IPP), by magnetic agitation at 40-50 °C, in a few minutes or a few
hours depending on the percentage weight of lecithin. Every solvent-lecithin
system produced a gel following the addition of a small quantily of water,
generally expressed as wy, indicating the molar ratio between the water and the

lecithin, according to equation 1:

0]
0 e g n
[Tecithin] Eq. 1

The gel was formed when the waler was completely dispersed in the
organic phase, a phenomenon generally dependent on the concentration of
lecithin, on the magnetic agitation and of the nature of the soivént used. Under
the conditions used in this study, the gelification of the lecithin/IPP solution took
place at intervals of time which ranged from a few seconds o a few minutes.

Example 2. Preparation of the Composition of ST1898 — Formulation 1
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20 the conditions used in this study, the gelification of the lecithin/IPP
solution took place at intervals of time which ranged from a few seconds
to a few minutes. Example 2. Preparation of the Composition of ST1898 -
Formulation | WO 2006/122883 PCT/EP2006/062088 10 Preparation of

&'€11888 Formulate in the Gel Phase The required amoﬁﬁ%‘fﬁ“ SPIHES
and Epikuron 200 lecithin were dissolved in IPP (ST1898: 0.1%, lecithin
47%, IPP 52.9%), leaving the solutibh under magnetic agitation for the
time necessary for complete dissolution (2-12 5 hours, depending on the
concentr ) AL , 00 70 C. Allthe

; {eiaivmi Otve e red gravimetrically.

For pﬁ%tlg% {ﬁ%%p |n/ A LF»?(?%?"’” 8”@ 'EWSI ﬁﬁl Were

prepare a so utlon |sso he drug with

dRGARE Rhase- @“ﬁ%@éteé Hus %emnee%%@mr fé%‘?ér’rrﬁ%é ichfdn

gelification Was added. The container was protected ffom by being

uRG¥EFREgHERLERIRIGM IRl By e aRhesgneiikneldhedietiprishdnibe

cases in which the solution did not become homogeneous immediately, it
hias, gpdndirapirieck corearataton of wattiingddetiosiperatina®ilsmyo °C.

microsyringe, was calculated in accordance with equation 2: 150 0 g) x

18 x b Bbe 2 cotig@ofratds- rinEl @drgy Wiheresbia® réfpifesevisstheneahunee!

of water to be added (in ml), mEP200 is the
gravimetrically. For practical reasons (complete dissolution of the drug) it was

useful to prepare a solution of lecithin/iPP and then dissoive the drug with this
organic phase. Only after this step the amount of water necessary for
gelification was added. The container was protected from light by being covered
in aluminium foil, given the photosensitivity of the retinoid. In the cases in which
the solution did not become homogeneous immediately, it was gently irradiated.
The volume of water, added using a Hamilton microsyringe, was calculated in
accordance with equation 2:

VHZO(mL)zﬁ?}%O(g)xISXWO Eq. 2

Where VH20 represents the volume of water to be added (in ml}), mgpagg is the

quantity of Epikuron 200 lecithin (in g) and wy is the desired molar ratio of water
and lecithin (see eq. 1).

Example 3. Analvtical Procedures

UV-Vis analysis

UV-Vis spectrophotometry was used to characterise the retinoid ST1898

quantitatively both dissolved in the solvent DMSO and incorporated in the
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quantity of Epikuron 200 lecithin (in g) and wo is the desired molar ratio of
water and lecithin (see eq. 1). Example 3. Analytical Procedures 20
UV-Vis analysis UV-Vis spectrophotometry was used to characterise the
retinoid ST1898 quantitatively both dissolved in the solvent DMSO and

W e50ratEd in the WO 2006/122883 PCTIEP2006/062088 GHEP2006/062088
lecithin/IPP gel phase, using a diode array spectrophotometer (Agilent
HP8452A), with a resolution of 2 nmlusing 1 cm quartz cuvettes.
Transferring the organogel containing the retinoid ST1898 to the cuvette
required raising the temperature (approx. 60C), given the high viscosity of

e g e c

A& a8 %01 BURSS byP 8o FlinG R RaT BYt RS SRS TRk (Agifent
is, The HPLC analysis af retinoid ST1898 both dissolved in DMSO
and 1nc r‘ﬁvépaﬁeae ﬁﬁﬁ@oéecﬁp%géné, lﬁé@%&rﬁ@d%ﬁ[%iﬁ%ﬁ#ﬁ% ﬂﬁﬁ%%&' ng
. iy ) o oo
] g Wt St e o R A S g e
AR A YahREx SRR GRLHIgE (MthAsYMatsT 1id TRSMALIMEIERN by
80/20, with 0.2% of TFA) on a Reverse Phase Nucleosyl C18 column,
copRhiténatigle dimnensians)s. 125 x 4 mm; flow 1.5 ml/min; injected
volume equal to 5 p | (under these conditions a stationary pressure of
H S @nalyiisbar was recorded). Detection was by 15 spectrophotometry,
using absorbance (330 nm). Typical conditions are the injection of 5pl of
solutibhg GIFSTLEIRIsDMISElintie RT8a86nhiite dbseat in DMSO and

incorporated in the gel phase, was carried out with HPLC HP1050 apparatus
(Agilent), provided with a2 UV-Vis diode array detector and HP ChemStation
software. The procedure for the gquantitative analysis of the drug involves

isocratic elution {(methanol/water, in the volume ratio 80/20, with 0.2% of TFA)

on a Reverse Phase Nucleosyl C18 column, 3 zm (particle dimensions), 125 x
4 mm; flow 1.5 mi/min; injected volume equal to 5 #! {(under these conditions a
stationary pressure of approx. 140 bar was recorded). Detection was by
spectrophotometry, using absorbance (330 nm). Typical conditions are the
injection of & u | of solutions of ST1888 in DMSO. The retention time observed
was equal to approx. 8 minutes.

The analysis of drug ST1888 incorporated in the lecithin/IPP gel phase
required preliminary dilution with chlorcform to reduce the viscosity of the
matrix, so that it could be injected into the chromatography column. In the
maximum solubility determination phase, centrifugation was used before taking

the sample of gel to be analysed. The elution conditions were similar to those
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was equal to approx. 8 minutes. The analysis of drug ST1898
incorporated in the lecithin/IPP gel phase required preliminary dilution
with chloroform to reduce the viscosity of the 20 matrix, so that it could be

Wz}rae%(e/%izrgtg the chromatography column. In the maximum §8|Ub11"é¥ .
eferinaton phase, centrifugation was used before taking tHeé r%fé ot
gel to be analysed. The elution conditions were similar to those WO
2006/122883 PCT/FP2006/062088112 reported above even if the eluent

flow was optimised according to the concentration of lecithin (e.g.: 1.5
ml/min.). Typical condjtions provided for the injectjon of ST1898 0.2% wy/w
R AE o P oS08 R Ao 8 S PEAIRGS. SSCRTIn [BERS
=3). i diluted i ofm. Quantitative determination via
%Wﬁﬁrétév%biﬁ?‘ Zigtgc%%ﬁﬁ @'@b&ﬁﬂﬁ@rﬁl’ﬁg’etry. The analysis was carried out

with HELC ARBARIHRL YRR PR 1RE ¢ REP\AG9 BN 9%, wiw in

fluorimetric detector (ABx = 330 nm, k. = 475 nm), isocratic elution
of RN WAFPRUrEha2 00| R RN BOAAY B Po% YBOB AP TFED @y, = 3)
Reverse Phase Lichrosher 100 C18 column, 5,u m (particle dimensions),
sdiPdhix dilptead; iflaskideOfpaimin.; volume injected equal to 10,u 1. Typical
conditions involved the injection of 10,u | of solution of ST1898 in THF.
aetitetvetideiehmnadioperzed Ridsvethudetedioprox sbédrafiimrismtifzxample
4. Comedolytic Action of ST1898 (Formulation 1) on Epidermal 15
PseubiRoafetisie sWARR BRgadiceutAnitha Mo fel aprataivendSyeigyn  Gold,

Beckham), provided with a fluorimetric detector (Aex = 330 nm, Ay = 475 nm),

isocratic elution {(methanol/water, in a volume ratic 80/20, with 0.2% of TFA) on

a Reverse Phase Lichrosher 100 C18 column, 5 zm (particle dimensions), 125
x 4 mm; flow 1.0 mi/min.; volume injected equal to 10 uI. Typical conditions

involved the injection of 10 z| of solution of ST1888 in THF. The retention time

observed was equal to approx. 16.5 minutes.

Example 4. Comedolvtic Action of ST1888 (Formulation 1) on Epidermai

Pseudocomedones in Rhing Mice.

Animal model used in the study

The rhino mouse (h'"Ar™) is an allele of the hairless mouse and is an
experimental animal model for non-inflammatory acne. in this animal, after the
first coat of hair, a fault in the catagen phase results in a premature and
irreversible hair loss at the age of 4 weeks. The follicle fails to reconstruct ifself.
Instead, the lower part of the original follicular unit develops into hormn-producing
cysts which become permanently situated in the deep dermis and enlarge as

the animal ages. Meanwhile, the original pilary canals (upper part of the original
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The rhino mouse (hrrhhr™) is an allele of the hairless mouse and is an
experimental animal model for non-inflammatory acne. In this animal, after
the first coat of hair, a fault in the catagen phase results in a premature
and 20 irreversible hair loss at the age of 4 weeks. The follicle fails to
Yot selr, Instead, the lower part of the original follfutartatiero62088
develops into horn-producing cysts which become permanently situated
in the deep dermis and enlarge as {ie animal ages. Meanwhile, the
original pilary canals (upper part of the original WO 2006/122883

SR PR R S R e
ivel I tQ t ' ; lati fh
AR Ao, A, o Y R e, A i e

pFOMEAMN ST RUEHRTIGY 8Bk IFIE R CHRGIRKEIEY 33D &5 ML

be squeezed out between the fingers. As in_human acne, the sebaceous

neiRarsRsRgEAssehishEBlo RS hastricatiiosm-rndven! atfg?- AR VRle
u

skin of the rhino mouse appears sagging and redundant, due to a paucity
iofintaatikdtbenz Hrereianentherakiyotathdt BuheanicRis ieh Amgdasizag by
the utriculi that are derived from the infundibular zone of the 10 original
hiohien eenenitise Shbsecats ysiadsgioadhesiinddy shrieteasita bk ftesicns]
i. e. microcomedones. Rhino mice have, therefore, been used over the
eRlsr®o Famiyinthe dlis siotoe olyngnmobiae tasnagrihsageinedaivticedutidant,
of new drugs, topically and to a lesser extent sistemically administered,
disst tRe RN R lagiie fbsreon]Baeniwe e 8idn WirrRAMt ahinadnice is
ents, in particular retinpids . , ,
cﬁgracterizeg by tHe utre:coi?t%at are derived from the infundibular zone of the
original follicular units. These are histologically similar 1o retentional acne
lesions, i. &. microcomedones. Rhinb mice have, therefore, been used over the
last 30 years in in vivo protocols aimed at testing the comedolytic activity of new
drugs, topically and to a lesser exient sistemically administered, for the
treatment of acne.

Comedolytic effects of various anti-acne agenis, in particular retinoids
administered topically, on the rhino mouse skin were first reporied in the '70
using qualitative histological methods which showed: 1) the transformation of
part of the utriculi/comedones in short, narrow, non-hyperplastic pilary canails
with well-developed sebaceous glands, 2) the complete involution of part of the
utriculi, leaving long stretches of norma!l appearing epidermis, 3) an increase in
epidermal thickness, 4) no effect on the deep dermal cysts. These medifications

begin to appear after 1 week of topical treatment with retinoids (e. g. all-trans-

retinoic acid or adpalene) and reach a maximumn after 3 weeks.
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administered topically, on the rhino mouse skin were first reported in the
70 using qualitative histological methods which showed: 1) the
transformation of part of the utriculi/comedones in short, narrow,

non-hé/ erplastic pilary canals with well-developed sebaceous glands, 2??
%062%{52&68[36 involution of part of the 20 utriculi, leaving Iong tiadoates
normal appearing epidermis, 3) an increase in epidermal thickness, 4) no
effect on the deep dermal cysts. Théée modifications begin to appear
after 1 week of topical treatment with retinoids (e. g. all-trans- retinoic acid
or a al%‘%‘ n@frgach a maximum after 3 weeks. WO 2006/122883 .
B o T AT R e B s

I fQpi dolyti nts for ev ion an . o

o T S A B R R ey

iSAALRARARINSIRAICRIRS MRS skinsretippsile Mkl usy Qhtaingd,

at the end of a threeé week tfeatment period. Several 5 microscopic

sRieasHRy ebaiatavatorsal@Hatethe falaviRedraiametis hgitiakeveral

number of epidermal utriculi (comedones) per centimetre of stratum
neiorastupiclengiburdrecomaitawpiobitcvlichisd/RH ewngasemidhng the total

morphological aspect of the comedo (i. e. ampulliform versus narrow),
nanéneoé sipidemad thitiauis cokvededes) toetheestiirdyire/ ot lsthetung hiciodoen

present invention, male 10 rhino mice (RHJ/LeJ), (batch No. 2004256
lengih e sameRooarPEledvbitileivesd rib measyisaaiieon0uegica lsspect

on 11/08/2004 and 7 born on 21/07/2004), 5-6 weeks of age with a body
afi&R ISP ETeES-f o5y Y IFEEINR IRy NaHeBl s e BldsMad thipeneshes

River%#a‘lilg éé)A housedén makrolon cages (26.7 x 20.7 x 14 cm, in

size); r ?otga%‘l‘? C%ia ywmtln rblkg&%; B\;grthe present invention, male
rhino mice (RHJ/Led), (batch No. 2004256 born on 28/07/2004) and female
rhino mice (batch No. 2004257, 8 born on 11/08/2004 and 7 bom on
21/07/2004), 5-6 weeks of age with a body weight of 18-22 g at the beginning of
the experiment supplied by Charfes River Italy S.p.A., housed in makrolon
cages (26.7 x 20.7 x 14 cm, in size); one rat to each cage, with a plastic cover
with a filter and with a grill on a litter of sterile sawdust.

Food and water were available ad /ibitum. The daily diet of each rat
involved feed (GLP 4RF21, supplied by the Mucedola company) for the entire
duration of the study. The analytical certificates of the food and water of the
animals were kept in the premises provided by Sigma-Tau.

The animais were housed in 12 hour light/dark cycles (7.00-19.00: light),

The parameters of the animal room were set as follows: temperature

2212 °C, relative humidity equal to 55+15%, air filters changed every 15-20

hours.
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15 with a filter and with a grill on a litter of sterile sawdust. Food and water
were available ad libitum. The daily diet of each rat involved feed (GLP
4RF21, supplied by the Mucedola company) for the entire duration of the
v%uzd(%. /‘{pgsgnalytical certificates of the food and water of thg)C ﬁﬂ)’pme%!s%(zosg
were f<ep2t in the premises provided by Sigma-Tau. 20 The animals were
housed in 12 hour light/dark cycles (7.00-19.00: light). The parameters of
the animal room were set as follow .5[emperature 222 C, relative humidity
equal to 5515%, air filters changed every 15-20 hours. WO 2006/122883
PCT/EEZOO6/06208§ 15 Th environmentakc%diti%rﬁ Wﬁri monitqred .
and tEGS RATRUAL Ho HECRR M HO RN S 0 dRe Fgla s skeRt In

rcnives.

téggﬁ@g‘gﬁ _Qﬁgﬁﬂ,&rg%m/%gach. The authorisation for using the animals in

igma boratories 5 was obtained from the Ministry of Health.

The @@?é%%‘]@é%%ﬁﬂéﬁvﬂfﬂ%ﬁﬁ@@'ﬁn‘@ﬁ&ﬁm accordance with
i

European Directives Nos. 86/609 and with the Italian Regulatory system
(Legisipéivaubreragidtofck 1BsiAdt the? Anlitiany #ROBDigrhadthiateiiisies
study regarding the treatment of the animals was approved by
waig btdiaeds veterihariithigtay tofe RiedthRaAndomisatieméie amdmak of the
housing employee transferred the mice from the boxes to the cages at
aramatswdTadh asgprdeasa iveth |Ebedieekwithiradives itleatiB/Ethangyétiothe

treatment (substance used, dose, route of administration and identification
ltalian Regulatory system (Legislative Decree No. 116, Art. 6,27 January, 1892}

Each part of the study regarding the treatment of the animals was approved by
Sigma-Tau’s veterinary depariment.
Randomisation

The animal housing employee transferred the mice from the boxes to the
cages at random. Each cage was then labelled with a card identifying the type
of treatment (substance used, dose, route of administration and identification
number of the animal).
Treatments

The animais were treated by the topical application to the back for 45
sec. of the compounds examined dosed using a 50 pl volume micropipette,
once a day for 5 consecutive days per week, for a period of 3 weeks (at the
Sigma-Tau laboratories). The products applied were: ST1888 0.1% in the
vehicle (Formulation 1: organocgel of Epikuron 200 lecithin, 46.9% wiw (approx.

800 mM) in isopropyl palmitate, with wg = 3) and untreated animals.

Types and frequencies of recordings
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number of the animal). 15 Treatments The animals were treated by the
topical application to the back for 45 sec. of the compounds examined
dosed using a 50 pl volume micropipette, once a day for 5 consecutive
days per week, for a period of 3 weeks (at the Sigma-Tau Iaboratorie?.
Wi & Yvdthiets applied were: ST1898 0.1% in the 20 vehicleNEoRMIKHH 4
organogel of Epikuron 200 lecithin, 46.9% w/w (approx. 800 mM) in
isopropyl palmitate, with wo = 3) an#buntreated animals. Types and
frequencies of recordings WO 2006/122883 PCT/EP2006/062088 16 The
animals were accurately observed, paying particular attention both to the

behaViRiRaITRAD YRR Y ORERIV el RaUN8 RAGIS! FeAbRO ey etk to
treatment, checki nd recordipg any deaths. In additjon all the anima
PP BT A S TR BT c b e CHaLy 2 ter
inati n jt [ ' loRsI f
R RS Y RS T S AR AR L
wAShERE basryas ERMAMARH SANBE MaNealRdRRs<BiRRsle S AR Bng
using 6 mm punches of the area treated, fixed in 10% buffered 10 formalin
withdHBGladreIn paraffin (fixing and passing through 70% ethanol at the
Sigma-Tau laboratories, inclusion in paraffin at the BMC Laboratory, IDI).
TEssedliepsigeere obtained from each biopsy, 3 pm thick and 150 pm apart

and stained with hematoxylin-eosin stain.
After three days from the end of the freatment, each mouse was killed by

cervical dislocation and the hair was removed from the animal's back. Biopsies
were taken using 6 mm punches of the area treated, fixed in 10% buffered
formalin and included in paraffin (fixing and passing through 70% ethanol at the
Sigma-Tau laboratories, inclusion in paraffin at the BMC Laboratory, 1Df). 3
sections were obtained from each biopsy, 3 pm thick and 150 pm apart and
stained with hematoxylin-eosin stain.

Histological examination and analysis of the image

Using the KS300.3 microscope, (Zeiss, Jena, Germany) with 20x
magnification, a morphometric analysis and a quantitative microscopic
evaluation of the following parameters were carried out:

v number of utriculi/pseudocomedones per unit of length (cm) of the homy
iayer;

v maximum diameter of the utriculi/pseudocomedones (D)

v diameter of the orifice of the utriculi/pseudocomedones (d);

v area of the interfollicular epidermis (8) and length (L) of the basal layer of

the epidermis in the same area.
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Histological examination and analysis of the image 15 Using the KS300.3
microscope, (Zeiss, Jena, Germany) with 20x magnification, a
morphometric analysis and a quantitative microscopic evaluation of the
W8llowing parameters were carried out: / number of POT/EP2006/062088
utriculifpseudocomedones per unit of length (cm) of the homy layer; %/‘3
maximum diameter of the utriculi/psiﬁudocomedones (D); I/ diameter of the
orifice of the utriculi/pseudocomedonies (d); / area of the interfollicular
epidermis (S) and length (L) of the basal layer of the epidermis in the
sameaiea W9 3906203 RHIER20084002088 1¢ The nigfla.of e,
comedones was expressed as r = d/D and the thickness of the epidermis
a4 M EyaliatieRoke datg The statistical analysis of the data
obtained, and more precisely the 5 comparison between the data from
EtkRfus08marpeefach different group of animals, was carried out using
the non-parametric Mann-Whitney test for non- paired data. Using this
formuagiostagistideo ranalgtien of- 1hd 1G98 Gb4inade cidn Adirs pr&iainine
w0 =3) for experiments in vivo, it was possible to document potent 10
cooparsolytiochuaeiyiiod els dtmtative dolluvarispin pic ebtie atiffenenb gndinoof
mice. Results: Anti-comedolvtic action of ST1898 (Formulation 1) and

Rk AYRS SRIERRdRME 0 ithai proscBRisa MesroV¥hims yrirat, for non-

paired data.

Using this formulation gel (Formulation 1~ ST1898 0.1% in lecithin/IPP
47/53 wiw; wg =3) for experiments in vivo, it was possible to document potent
comedolytic activity of the substance following topical treatment on rhino mice.

Results: Anti-comedoivtic action of ST1888 (Formulation 1) and adapalene on

epidermal utriculi/pseudocomedones of rhing mice.

From the literature the ability of the retinoids to induce comedolysis and
thickening of the epidermis is known, effects due to a hyperproliferation of the
epidermal cells (or hyperplasia) in the skin of the rhino mice (Kligman L. H. and
Kligman A. M., 1979 J. Invest. Dermatol. 73, 354-8; Mezick, ef a/, 1984 J. Am.
Acad. Dermatol. 11, 802-4; Ashton, ef al, 1884 J. Invest. Dermatol. 82, §32-5).

The in vivo model used in this research project is the rhino mouse
(hr™hr™), which is allelic to the mouse without hair (h"h™} and represenis an
experimental animal mode! for non-inflammatory acne. This model has been
used for over twenty years to evaluate the therapeutic efficacy, in particular
comedolytic efficacy, of anti-acne compounds applied topically and also

administered systemically. The rhino mice manifested various skin changes,
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From the literature the ability of the retinoids to induce comedolysis and
thickening of the epidermis is known, effects due to a hyperproliferation of
the 15 epidermal cells (or hyperplasia) in the skin of the rhino mice

KIi2 (r)naIlelﬁsH. and Kligman A. M., 1979 J. Invest. Dermatol. 7:—/3 3254(}8'
ezICkK, At al, 1984 J. Am. Acad. Dermatol. 11, 902-4; Ash{’gﬁr, tg?,’ i@g%

J. Invest. Dermatol. 82, 632-5). The in vivo model used in this research
project is the rhino mouse (hr'hhr"‘),l§/hich is allelic to the mouse without
hair (h? hr'~") and represents an 20 experimental animal model for

BN AR TR G BAEAE T AL ONeIe dFhelsr a7
_ et &
o B S o T oy o e

s W0 aRRAIMIsd (RBEINEAREER5E 18 FREIVYIthRIIAIBRL NG CRIRARDIG

phase of the hair follicle which involved the complete loss of the hair by

ot T asssisisicneatiesiiaia ep mentoliirnePaahedesions. The skin

utriculi/pseudocomedones (C in Fig. 1), which represented models of
obprincaniedonas histolobisalijessatdablo dheprstasttitnalsansetrsiogands
The skin 5 of rhino mice was also characterised by atrophy of the
(ebasdo gy artbegiesBigel)fandtsyinibepdiesprmetoincybtbarddmnis
deep portion of the dermis (asterisk in Fig. 1 only partly visible as the
(astages dhly igholv aneynirsstlysyiriblRi @9 dheoinsIaRe sily). predge most
(Formulation 1) applied topically, had pharmacologically useful 10
SEH%’rréf'd?éﬂ?QﬁE%”f&P Fh?a‘ffﬂ@facne, with a comedolytic and anti-inflammatory

effect A5 9Ig (0. 88 UHoHON D S MRSt SRmedons: STHA
characteristics for treating acne, with a2 ;omedolytic and anii~inflammatory effect
and leading t0 a reduction in the number of comedones. ST1888 therefore
acted as a modulaior of the cell differentiation processes of kerafinisation and
inflammation which in acne pathology are greatly changed (Fig. 1).

As it can be seen in Figure 1, the iopical treatment of the skin of rhinc
mice with ST1898 (Formulation 1) had a very marked effect on the reduction in
the number, dimensions and horny content of the utriculi/pseudocomedones
(Tat;le 1), as well as on the morphology of the sebacecus glands, which
became more atrophic (arrows in figure). The hyperplasia of the epidermis (B)
compared with the untreated mice was also particularly clear (A).

Table 1. Analysis of the images of the epidermal parameters on the

skin of male and female rhino mice.

Treatments No.of Comedonds Comedo profile Thickness of
{cem (= {BM

Untreated 6 27.8 & 0.65+ 235+
ST1898 0.1% 6 w75+ #1001+ *ER2T &
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acted as a modulator of the cell differentiation processes of keratinisation
and inflammation which in acne pathology are greatly changed (Fig. 1).
As it can be seen in Figure 1, the topical treatment of the skin of rhino 15
i ith,.ST1898 (Formulation 1) had a very marked effe

@3&%&28% the number, dimensions and horny content oﬁﬁh@%wmms
utriculi/pseudocomedones (Table 1), as well as on the morphology of the
sebaceous glands, which became }r?ore atrophic (arrows in figure). The
hyperplasia of the epidermis (B) compared with the untreated mice was
also particularly clear (A). 20 Table 1. Analysis of the images of the
epidermal parameters on the skin of male and female rhino mice.

ThécaimentsNo- ek anaggonds Comedo profile Thickness of (cm (r =
(P-M Untreated 6 27.8 f 0.65 23.5 ST1898 0.1% 6 **7.5 **1.01 **82.7

*W@o@&%l'@ﬁgﬁ.%P%T&EE%Q%Q@@@%&J&WEHR-%\%;@the mean SD.
|

*P<0.05 and **P<0.01 vs. the untreated group (Mann-Whitney). a number

® aliryBesianesduenengén khboray heyey expicsseedadsin 2nihe parameter
directly correlated to the comedolytic effect of a drug following topical

treatfiestpsfraciedes dif@ally th(Mdiedéck tetihel 687 adaiytic Attt Dieamditad;
11, 902-4;; Bouclier, at al., 1991 Skin Pharmacol. 4, 65-73): if r is equal to
fdpyieafepierlireatmerdarhponmis vnliek ekuiiiazitnehas A%88dedoytiead.
effect demonstrated by the reduction in the number of typical acne
Dergginl. 11, 802-4;; Bouclier, ef al, 1881 Skin Pharmacol. 4, 65-73): if r is
equal to or greater than 1, the compound under examination has a comedolytic
effect demonstrated by the reduction in the number of typical acne lesions.
Compared with the control represented by the group of untreated mice, it
can be seen that the value of this parameter is changed by ST1898
(Formulation 1) which produced the change from closed comedoneas o open
comedones with a value of r equal to 1, demonstrating a powerful comedolytic
effect. In addition, in the histograms it can be seen that the parameter which

describes the epidermal thickness increases following treatment with ST1898.

Example 5 Preparation of the Composition of ST1898 — Formulation 2 -

Preparation of The ST1888 Formulate in the Gel Phase

Formulations: ST1898 0.1 and 0.05 % in the vehicle.

Vehicle: carbomer 980, propyiene giycol, poloxamer, disodium edentate,
methyl hydroxybenzoate, phenoxyethanol, sodium hydroxide and purified
water).

Negative conirol: no treatment.

Adapalene (Differin gel ®) was used as reference compound (0.1%).
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10 Compared with the control represented by the group of untreated mice,
it can be seen that the value of this parameter is changed by ST1898
(Formulation 1) which produced the change from closed comedones to
dones with a value of r equal to 1, demonstrati owerful
vgfgr%%%ﬁo%%t% effect. In addition, in the histograms it can be%%een that the -
parameter which 15 describes the epidermal thickness increases following
treatment with ST1898. Example 52&reparation of the Composition of
ST1898 - Formulation 2 - Preparation of The ST1898 Formulate in the Gel

C ; X —UTSOdTy < = -
iYLy dEndenz93ie, phenoxyethanol, sodium hydroxide and purified
water). Negative control: no treatment. Adapalene (Differin gel (r)) was

used-BRreiRrBRESIEANY AHB A OIn \WiERA90 18888 ories was obtained
PCTIEP2006/062088 20 Example 6. Comedolytic Action of ST1898

b{Faamnatal) outheiagMalePsarslosamedanendiRbinaditess Thae in
authorization to use animals in Sigma-tau laboratories was obtained by

attatrdandeaititrA hanya Heir€ciecandd- BHE08 ) yaotianiithaléalisarelh 516,
accordance with European Directives no. 86/609, and with Italian DL 116,

JaaurRRrg U7 tn 9902 Aaparef dhithRiutdidsonsatEngiranEnmncareahevmeen

been approved by the official sigma-tau Veterinarian. Animal supply and
apRisygAdRY the official sigma-tau Veterinarian.

Animal supply and husbandry

The mice (Charles River Haly S.p.A. for the Jackson Laboratory) were
housed inside cages of makrolon (26.7 x 20.7 x 14 cm) (1 mouse/cage) with
grating cover of steel and bedstead of sawdust of pulverized and sterilized dust-
free bedding cobs. Animals were housed under a light-dark cycle, keeping
temperature and humidity constant. Parameters of the animal rooms were
assessed as follows: 22+2 °C temperature, 551+15% relative humidity, about 15-
20 filtered air changes/hour and 12 hour circadian cycle of artificial light (7 a.m.,
7 p.m.). The environmental conditions were monitored; the data were retained
in Animal Housing Archives.

Diet and water supply

Drinking water was supplied ad libitum. Each mouse was offered daily a
complete pellet diet (GLP 4RF21, Mucedola) throughout the study. The
analytical certificates of animal food and water were retained at Sigma-Tau
premises.

Study design - Treaiment of mice
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The mice (Charles River Italy S.p.A. for the Jackson Laboratory) were 10
housed inside cages of makrolon (26.7 x 20.7 x 14 cm) (1 mouse/cage)
with grating cover of steel and bedstead of sawdust of pulverized and

iéeg&l&g%%gst- free bedding cobs. Animals were housed uri}(%%rmg‘ %E/gﬁ%%g

cle, keeping temperature and humidity constant. Parameters o
animal rooms were assessed as follows: 222 C temperature, 5515%
relative humidity, about 15 15 20 filtred air changes/hour and 12 hour
circadian cycle of artificial light (7 a.m., 7 p.m.). The environmental

CoriRa R INRTS IECaA 1o g1ete ARES O o
B%ﬁ% Ougé’féﬁ fally;a &%i&@(ﬁ%ﬁg? %eéz?fgﬁé@e?e‘%%g%ﬂ}\git

a hout the study. The analytical ceftificates of anim o}

s&ﬂ@%at@oWﬁﬁ%{@wirgd(@tﬁmraaaT@@woermseﬁe S&aﬂ)eréé?,sien sroup  with
Treatment of mice WO 2006/122883 PCT/EP2006/062088 21 30 rhino

at3pbldIjmeerdgeksoadaborararshchaatvand himalerinSieaks
of age) were subdivided in 6 mice/group. Two groups were treated with

vETid8 Qthg-samalafidime2jot@niikttianchd DERinT thelvearbiehex §80, pwiene
adapalene (Differin(r) gel), used as reference compound (0.1 %), a group

glyithi the Boledoterithe dedwhthe ¢dentiststion oh@ifiérin(Hydedxgbebonate,
980, propylene glycol, poloxamer, disodium edentate, methyl

PR arssBafsbRediERdNERgEHmARH BYdiem MBxide and purified water).
A group was not treated (control). The drugs (50 ul} were applied with a

sterile gloved finger topically on the dorsal skin (massage for 30-45 sec), once
daily for 5 consecutive days/week (excluding Saturdays and Sundays) for 3
consecutive days. Three days after the last application, mice were sacrificed by
cervical dislocation. Two skin punch biopsies (6 mm} were taken immediately
after death from all sacrificed animals. The biopsies were formalin-fixed (10%
buffered formalin solution) and paraffin-embedded.

Post mortem examination

Quantitative histological image analysis was evaluated as the ftotal
number of epidermal utriculi (comedones) per centimetre of stratum corneum
length, the comedo profile, and the epidermal thickness. From one biopsy, three
3-pm thick skin sections were obtained at 150 pym intervals and were stained
with hematoxylin-eosin. The second biopsy was kept stored for records.

Assisted computer morphometric analysis of the stained skin sections was

performed using a Zeiss KS300.3 system (parameters n. 1, 3 and 4). For {fotal
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A group was not treated (control). The drugs (50 pl) were applied with a
sterile gloved finger topically on the dorsal skin (massage for 30-45 sec),
once 10 daily for 5 consecutive days/week (excluding Saturdays and
windays)dar 3 consecutive days. Three days after the last &g%b%ﬁ a8
mice were sacrificed by cervical dislocation. Two skin punch biopsies
mm) were taken immediately after ggath from all sacrificed animals. The
biopsies were formalin-fixed (10% bBtiffered formalin solution) and
paraffin-embedded. 15 Post mortem examination Quantitative histological
A=Y STAGR IR ARG AR B RO EHALAIE uas
comedones) per centimetre of stratum comeum length, the comedo

uBgefiten RS NGrRPAErRBb Gk B Aol ORERiaR e dhree 3-pm thick

skin sections were obtained at 150 pm intervals and were stained 20 with

1hemsioxedireapih TdifueesRNdUiIRREYMBSHENS StRecddrisacidmeter or
Assisted computer morphometric analysis of the stained skin sections was
dizenteemekersinchalZaasthKS BAAdysier (fararaattssaodiice ad 4). For
total WO 2006/122883 PCT/EP2006/062088 22 length of the stratum
2¢orriengihnoétisutnes acctionsr daretriesstytab Feagthditha staiThedoliewamg
microscopic parameters were measured: 1) on each open epidermal
Sutridelahireaireiaef erideryaktiiiewicemedanesriathettines aesipngepth (D)
and diameter of the surface orifice (d), 5 2) length of the three sections,
HakedR HHeHRNGEIRGABRI S YRR YIPh PN SPHRETIF ANAHRRBh dbkietiha

utriculi/c me%oneﬁ in the three sections, 4) in interfollicular areas, surface

CREFPEP NS AiBRFANEYHd length (L) of the

From these data the following mean {+/- SD) values were calculated for
each group of animals:
1)  number of utriculi/ (comedones)/length of stratum corneum (cm);
2)  Comedo profile, calculated as r=d/D,
3) epidermal thickness, calculated as S/L in Om.

Administration of test item

A topical application on the dorsal skin (massage for 3045 sec) was
performed of 50 pl applied with a gloved finger. The treatment was done once
daily for 5 consecutive days/week (excluding Saturdays and Sundays) for 3
consecutive weeks.

Data Analysis

Statistical analysis was performed using the two-tailed Student’s ‘" test
to compare data obtained from the different groups of animals.

A significant difference was considered when a p value (P) < 0.05 was

reached.
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corresponding basal layer. From these data the following mean (+/- SD)
values were calculated for 10 each group of animals: 1) number of
utriculi/ (comedones)/length of stratum corneum (cm); 2) Comedo profile,
lcul s r-d/D, 3) epidermal thickness, calculated as inA
ﬁ%%ﬁ%&%n of test item 15 A topical application on the %rsé}f %ﬁﬁmzogg
(massage for 30-45 sec) was performed of 50 pl applied with a gloved
finger. The treatment was done once’ daily for 5 consecutive days/week
(excluding Saturdays and Sundays) for 3 consecutive weeks. Data

(exclucing Saturds ndays) for 3 consen . D
A S e N R S

RARimals. A significant difference was considered when a p value (P) <
0.05'Wwas reached. WO 2006/122883 PCTIEP2006/062088 23 Other

statistigabnaeshrsiamere weesbilyt wagRosSHRECRCFaRHABY tReskis! the

During the treatment, the body weight of mice was recorded to control the
hbeitihytatatusr ohicicRoNysiftkticativarigioatio bombadighaight ivasd obit
(table 5 2). The results of the analysis of rhino mice treated with ST1898

2{Formulation
The results of the analysis of rhino mice treated with ST1888 (Formulation
2) and of control mice are reported in table 2 and in figures 1-8. The most

relevant findings are summarized hereafier.

Histological analysis

The analysis of the histologic specimens from the five groups of rhino
mice showed:
a) no effect of the vehicle treatment on the utricoli (comedones) number
and morphology and on the epidermal morphology and thickness, as compared
to untreated skin. Numerous, enlarged comedones filled with cornified celis
were observed in all specimens. Sebaceous glands appeared markedly
atrophic. The scant interfollicular epidermis of untreated and vehicle-treated
mice comprised a single layer of basal cells, two to three layers of spinous cells
and one layer of granuiar cells containing keratohyaline granules. The sitratum
corneum appeared thick and loosely organized, with a characleristic “basket
wave” appearance.
b) a strong reduction in the number of comedones in the skin of mice
freated with ST1888. Such effect appeared comparable in mice treated with

51718898 and adapalene-treated mice. In all active compound-treated animals,
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2) and of control mice are reported in table 2 and in figures 1-8. The most
relevant findings are summarized hereafter. Histological analysis 10 The
analysis of the histologic specimens from the five groups of rhino mice
ws(;]%/v(el%:zg Jno effect of the vehicle treatment on the utricoIiP%cq(r)mez&%po%g e
number -and morphology and on the epidermal morphology and
thickness, as compared to untreated skin. Numerous, enlarged
comedones filled with cornified cell45 were observed in all specimens.

Se.bace(.)us glands appeared markedly atrophic. The sqant inte.rfollicular
b GRS e Apete BB BLICRelE I aRE Pyagyauen of
- . los.
o . Il R e

A APRERERRR UM - SH9R] reduction in the number of comedones in

the skin of mice treated with ST1898. Such effect appeared comparable

cin micegtregieshyisidia Sé 8RRk AbN P alpResirasted Nege sosallsative and
compound-treated animals, WO 2006/122883 PCT/EP2006/062088 24
atapsidodittestbd canive NG paeifuidy Catadilitutir dibidetsitoveomprised a
accumulation of horny material. In addition, distinctly enlarged sebaceous
sigiiadayesent besaheeleddd tapdalivdpircaraislis) sty iplasm afgranular
interfollicular epidermis in ST1898-treated and 5 adapalene-treated mice.
caliscRanEINNInRaTRTo Rl PRI KaRato BAipaser@niles. The stratum comeum

was more compaci, in particular in its lower portion. Of note, epidermal
hyperplasia appeared more marked in the skin of adapalene-treated mice as
compared to ST1898-treated mice. In addition, a mild dermal lymphocyte
infilirate was observed In all active compound-treated animals.

Morphometric analysis

Number of comedones. The number of comedones per centimeter of stratum
corneum was comparable in unireated mice and mice freated with the vehicle.
This value was highly reduced in ST1898 0.1% and 0.05%-treated mice
as compared to unireated and vehicle-treated controls (p value < 0.00058). The
number of comedones was significantly lower in 0.1% ST1898-{reated mice with
respect to 0.05% ST1898-treated mice {p value < 0.005). ST1898 0.1% and
adapalene 0.1% showed a comparable effect (p value = 0,288626).
Comedo profile. The analysis of comedo profile showed a highly significant and
comparable increase in the r value in 0.1% ST1898-, 0.05% ST1898- and
adapalene-treated mice with respect to untreated and vehicle-treated controi

mice (p value < 0.0005). These last two groups showed comparable values.
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single layer of basal cells, 3-6 layers of spinous cells and 3-5 layers of
granular cells containing numerous, large keratohyaline granules. The
stratum comeum was more compact, in particular in its lower portion. Of

idermal hyperplasia appeared more marked in the _skin of
‘{abgg%ﬁa?rgﬁ%eg-{ireated mice as 10 compared to ST1898-treate(inl}’ts:rl?il%léz.Uf}r?mﬁm88

addition, a mild dermal lymphocyte _infiltrate was observed in all active
compound-treated animals. Morphdmetric analysis Number of
comedones. The number of comedones per centimeter of stratum

ECIBEAT Bz compaiable inuntisaled ice and e edted wih e, |,

IS value ‘was highly reaucedin

891%%?'&%%‘?‘1%?&% &@g‘ggrﬁ%t(ﬁ&%@f@tﬂe@Iﬂjl%%'cmtj%\fﬁ%%&{ r?bs

(p value < 0.0005). The number of comedones was signi

b@tﬂ%&:&%gﬁ%@m&?%fwmuéeéﬂﬁ%%ﬂ-Qﬁn%é%t@dsgﬁdt%ﬁ%%ﬂ?@é@
value < 0.005). ST1898 0.1% and adapalene 0.1 % showed a

niSETRIAE ctasdtiblialutusd), 288 GReknd Lomiesi e uelieis s anghesim
of comedo profile showed a highly significant and comparable increase in
STMS88 8105 Y- Dekie ETkR08s, @OD U THIdR:cainchzdapithehd W SltedaBie
with respect to untreated and vehicle-treated control mice (p value <
vgigoe5).06hesatenalgog o vpiiero e eh Mgarsitesdleaiedirize showed
2006/122883 PCT/EP2006/062088 25 Epidermal thickness. The
acgidieAaih ibistessepidesnimindeR gampeadavith svasdgaedwith 0.1%
ST1898 0.05%- and adapalene-treated mice with respect to both groups
S égﬂﬁ%l"ﬁ{ﬂ?eirs)\%he < 0.0005). Untreated and vehicle-treated mice
showed comparable values. The thickness of the epidermis was higher in

Conclusion

The analysis of rhino mice fopically treated with the retinoid ST1898 for 3
consecutive weeks (once daily for 5 days/week) revealed that ST1898 at both
concentrations used (0.1% and 0.05%) showed comedolytic and anti-
comedogenic activity, as assessed by (i) the highly reduced number of
comedones compared with untreated or vehicle-treated mice, and (i) the strong
increase in narrow comedones (increased r value).

ST1898 exerted a similar effect to that elicited by the reference
compound, adapalene, on both comedo number and profile, when administered
at the same concentration (0.1%).

The effect of ST1898 was dose-related, being 0.05% ST1888 less
effective than 0.1% ST1888 in reducing the number of comedones and in

inducing epidermal hyperplasia.



5 ST1898 0.05%-treated mice as compared to mice treated with 0.1%
ST1898 (p value < 0.05) or adapalene (p value < 0.005).
Adapalene-treated mice showed a significantly thicker epidermis when
v%grz%)e}lrzel%g\évith mice treated with 0.1% ST1898 (p value < 19'%3 legﬁms -
onclusion The analysis of rhino mice topically treated with HeFatine
ST1898 for 3 consecutive weeks (ance daily for 5 days/week) revealed
that ST1898 at both concentrationg¥ised (0.1% and 0.05%) showed
comedolytic and anti- comedogenic activity, as assessed by (i) the highly
reduced number 0%15 C edone]s com‘Bared.wit ungfateg or .
SRR (YRR o e S ALY, S5 USRe el

vehic eqf%’é’%d m?ce, an

SIBERPF 4%, VAtida LA IR0 BHRIRLETGRA (A RRLALE S MY AR

reference compound, adapalene, on comedo number and pro

rddipAdaiiRiRe h abdEe @@%@Qﬁﬁg@rﬂx%m?l‘é’h 888" RE&TRrL
ST1898 was dose-related, being 0.05% ST1898 less effective than 0.1%

avaliaBRAdpitedHsingigize number of comedones and in inducing epidermal
hyperplasia. WO 2006/122883 PCT/EP2006/062088 26 Moreover,
epidermal hyperplasia was significantly reduced following ST1898 0.1%
topical treatment as compared with reference compound treatment,
showing a possible advantage in using ST1898 over presently available
topical retinoids. WO 2006/122883 PCT/PP2006/062088
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27 Table 2. Body weight and lethality of rhino mice treated with ST1898
(Formulation 2) or adapalene according to the schedule gdx5/wx3w
Treatment n Initial body Final body Body 5 weight weight weight loss max
O%ggg §FSE Control (no treated) *5 20.71.3 22.81.2 O%(glg%%‘ ’?
v‘(é(:gL.5o. %3%91.3 1 ST1898 0.1 % 6 20.90.4 21.90.5 1 ST1898 0. g}éﬁom 5
20.91.0 22.21.1 0 Adapalene 0.1 %7*5 21.31.1 21.21.3 4 (Differin gel (r))
15 Mice were sacrificed 3 days afte? the last treatment. The vehicle used
for ST1898 (Formulation 2) was the same of Differin gel (carbomer 980,
y. . o%elrﬂ' lum edentat eth .
R oS S B e ety TR hichcatad it ST188
EoRRRIBIOUF S ARBERCL Lo e ik beflig slagihg lnedgpatment
for the low body weight. WO 2006/122883 PCTIEP2006/062088 28
Morphometric analysis of ,the!skin of ST1898 (Fol;mulation 2) féﬁgdgg'ed and

T Bhice n Initial body Final hody
weight
waight weight
loss max (%) griSE gr:SE

Control {no treated) *5 20.7+1.3 22.8%1.2 0
Vehicle *5  21.5%0.8 22.9+1.3 1
ST1888 0.1% 6 20.9:0.4 21.9+0.5 1
8T1858 0.05% 6 20.9+1.0 22.2+1.1 0
Adapalene 0.1% *5  21.3x1.1 21.2+1.3 4

(Differin gel @)

Mice were sacrificed 3 days after the last {reatment. The vehicle used for
871898 (Formulation 2) was the same of Differin gel (carbomer 980, propyiene
glycol,  poloxamer, disodium edentate, methyl hydroxybenzoate,
phenoxyethanol, sodium hydroxide and purified water).

*One mouse was exciuded from the study before starting the treatment for the
low body weight.
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(results are expressed as mean value SD) Table 3.1 5 Treatments
Comedones (n/cm) P value P value vs untreated vs vehicle Untreated
57.354.96 0.982154 Vehicle 57.275.74 0.982154 ST1898 0.1 %
%&ﬁg@ggﬁ% 68 x 10-5™ 2.89 x | 0 *** ST1898 0.05% 42. 424 5 0.00056**

dapalene 0.1% 28.312.92 3.41 x 10 *** -6- 12-%

CT{ERIgoeH62088

value 0.1 % ST1898 vs 0.05% ST1898 = 0.003182** P value 0.1%
ST1898 vs adapalene = 0.288626 B&alue 0.05% ST1898 vs adapalene =
0.000213*** Table 3.2 10 Treatments Comedo profile (r=d/D) P value P

%alu

n.treat

el v

vsv i I ntr

ST ) Freo e

%R@E&%{ 260 13 3. 24 X 10 6*** 3 29 x 10~*** Ada alene 0.1% 1.240.11
x 10-6*** 3.23 x 10-6*** P value 0.1% ST 1898 vs 0.05% ST1898 =

(r@s@é@ﬁ@ expressed as mean value + SD)

Table 3.1
Treatments Comedones (n/cm) # value P value

vs untreated |vs vehicle
Untreated 57.35+4.96 0.982154
Vehicle 57.27+5.74 0.982154
ST18%8 0.1% 31.3545.37 1.68 x 107 | 2,89 x 10
ST1898 0.05% 42.4214.5 0.00056** 0.00098*
Adapalene 0.1% | 28.31+2.92 3.41 x 10°*  [8.12 x 107°**

P value 0.1% ST1888 vs 0.05% ST1898 = 0.003182**

P value 0.1% ST1898 vs adapalene = 0.288626

P valug 6.05% ST1898 vs adapalene = 0.000213***

Table 3.2
Treatments Comedo profile (r=d/D) P value P value

vs untreated |vs vehicle
Untreated 0.62+0.05 0.918704
Vehicle 0.61+0.05 0.918704
571898 0.1% 1.27+0.07 2.85 x 10 1209 x 10°®
571898 0.5% 1.26+0.13 3.24 x 10°** |3.29 x 105
Adapalene 0.1% | 1.2420.11 3.22 x 10°%** | 323 x 10%*=

P value 0.1% ST 1888 vs 0.05% ST1898 = 0.794536
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WO 2006/122883 PCTIEP2006/062088 29 P value 0.1% ST1898 vs
adapalene = 0.517798 P value 0.05% ST1898 vs adapalene = 0.792654
Table 3.3 Treatments Epidermal thickness (pm) P value P value vs
untreated vs vehicle Untreated 20.902.91 0.857119 Vehicle 20.562.86
BB Y181 898 0.1 % 42.522.17 1.89 x 10.7+* 1.50 x 10-74 8¥('§gH?
0.05%% 37.453.97 2.94 x 10-5*** 2.0 x 10-5*** Adapalene 0.1%
57.339.99 5.09 X 10s*** 4.72 x 10.5*%* 5 P value 0.1% ST1898 vs 0.05%
ST1 898 = 0.020697* P value 0.1% ST1 898 vs adapalene = 0.006037* P

value 0.09%, 8 vs adapalene =.0.001479** * = p<0.05 ; ** =

Pp‘é%{ﬁg%;qAﬁ.ﬁ%&o‘fﬁo@%ﬁﬁ&@%fﬁ%ﬁéﬁAlMS 1. Pharmaceutical or
' | eqmpasil| ical e treatment of acne

Fggahtnaé?rﬁgggg Z’damantyluﬁgégééﬁghégﬁ%ggnoic acid, as the active

TRiNsHe, and excipients and/or pharmaceutically acceptable vehicles;
said vehicles and/or excipients containing lecithin.

Treatments Epidermal thickness (pm} |P value P value

vs untreated |vs vehicle
Untreated 20.90+2.91 0.857119
Vehicle 20.56x2.86 0.857119
571898 0.1% 42.52+2 17 1.89 x 107 | 1.50 x 107+
ST1898 0.05%% |37.4513.97 2.94 x 107 2.0 x 1075
Adapalene 0.1% |57.3310.99 5.0 x 105 14,72 x 105~

P value 0.1% ST1898 vs 0.05% ST18988 = 0.020897*
P value 0.1% ST1898 vs adapalene = 0.006037*
P value 0.05% ST1828 vs adapalene = 0.001479*

* = p<0.05; ** = p<0.005; *** = p<0.0005




2. Composition according to claim 1, containing 0.1 mg of adamantyl
methoxydiphenyl propenoic acid per 100 mg of gel. 3. A cosmetic method

of treating acne, comprising topically applying the composition of claim 1

to the affected area of skin requiring the same. 4. A topical gel MCSLLP
composition for the treatment of acne, cgmprising 0.1 mg of adamanty!
methoxydiphenyl propenoic acid per 100 mg of gel, and excipients and/or
pharmaceutically acceptable vehiclesEsaitM&hicles and/or excipients

containing lecithin. 5. Use of adamantyl methoxydiphenyl propenoic acid,

al (RS BiTRE RN €O BAt e ReigiemRCs g Fopepivrl dsetioaltae astasiat of acne
vehicles for the preparation of a._ phgrmaceutical or cosmetic gel =

O s BT O B et RS ASHY oo, and
VeRipRARNHAIPIARIRRI CRUANS IR, Ged ASEIE D cipi

5, th?eJ compositci)oié containin%é%ﬁk{ m?gﬁ%meﬁgﬁgr%%{%%%%@g#e%ﬂ or exciplents
propeiratg asider 100 mg of gel. 7. Use of 0.1 mg of adamantyl
methoxydiphenyl propenoic acid per 100 mg of gel, and excipients and/or
phetorapesitical avvegitable deiniclesdotthenpiepanativinoéiasanicaktekydipheny!
composition for treatment of acne, wherein said vehicles and/or excipients
cHRRERSI9&SIGhREr 100 mg of gel.

3. A cosmetic method of treating acne, comprising topically applying the composition of
claim 1 to the affected area of skin requiring the same.

4. A topical gel composition for the treatment of acne, comprising 0.1 mg of adamantyl
methoxydiphenyl propenoic acid per 100 mg of gel, and excipients and/or
pharmaceutically acceptable vehicles; said vehicles and/or excipients containing
lecithin.

5. Use of adamantyl methoxydiphenyl propenoic acid, as the active principle, and
excipients and/or pharmaceutical acceptable vehicles for the preparation of a
pharmaceutical or cosmetic gel composition for topical use for the treatment of acne,
wherein said vehicles and/or excipients contains lecithin.

6. The use according to claim 5, the composition containing 0.1 mg of adamantyl
methoxydipheny! propenoic acid per 100 mg of gel.

7. Use of 0.1 mg of adamanty! methoxydipheny! propenoic acid per 100 mg of gel, and
excipients and/or pharmaceutical acceptable vehicles for the preparation of a topical
gel composition for treatment of acne, wherein said vehicles and/or excipients contains

lecithin.



